CHAPTER 2
THEORY

The original discovery leading to the world-wide interested in all class of

polyurethane was made by Otter Bayer and his co-workers of I.G. Farbenindustric at

mmercial potential of polyurethanes as fibres,
recognized. In fact, most polyurethanes
ring years. Table 2.1 shows progressive

Leverkusen, Germany in 1937 th
adhesives, coating and fo

application have been d

of polyurethanes.

are obtained by the reaction

between isocyanate ocyanate group per molecule ( a

diisocyanate or polyisocyanaté) and alcoholsithat have two or more reactive hydroxyl

groups per molecule (diols.-dﬁp(%{dl}j'\; erization is called addition

polymerization. Al polyurethanes are based on e othemic reaction of diisocyanate or

polyisocyanate with p«

structure and functionality of both isocyanate grdps and polyols, including the

location of substj ‘., @XMty do,t S Teactive j group (steric hindrance)
and the na@ﬁgﬁrmﬂninﬁj ndary). Relative few basic
isocyanates and a range of polyols‘o different molecul igh functionalities are
WL (Rl FTE U oy
of grad% that is stiffness from very flexible elastomer to rigid, hard plastics. The range

of end products which is derived from polyurethanes is shown in Figure 2.1.

The reaction of diisocyanate with polyol is shown in Equation (2.1).

v d . /
n OH-R-OH + n OCN-R-NCO — — O-R-:0-CO-NH-R-NH-COs ....... (2.1 )

Polyol Diisocyanate Urethane linking Polyurethane



Table 2.1 Tllustrates some highlights in the development of polyurethanes
(Wood G.,1987)

1937-40 Otto Bayer and co-Workers
diisocyanates with glycols and/or diamine. e
1940-45 Development-of-mitiable po_&uremmers and adhesives in Germany (1.G.
Farben), UK. (ICI) and ' . hane coatings for barrage balloons
(ICI), synthetic polyureth
1945-47 Manufaci bl p el : tings and adhesives.

1950  Cast elastomefs frompolyesteridiols, diisocyan: prepolymer and chain-extenders.
1953  First flexible p rethane. fe 1 h a Bayer system using a high
pressure machine, a p

1956  First manufacture of ible thane foam in the U.S.A. using a
two stage or ‘pre-pol S, - ’
1957  ICI introduges the

polyurethane foam man@ifacfiire, << (- -

1959 ICI introduces the first nig{d stem based on polymeric MDI and a polyether
1T el '

by polyaddition processes from various

polyol.

1959 oly foam introduced in the U.S.A

1960 ﬁ I = -based semi-rigid energy absorbing foam for
vehicles. 3 ; - .

1960-5 Rigid f’@'n blowmg by chlot.o

1962  First proguction-=tine-i ed—deep-seat—fiexalile polyurethane car cushions at
Austin-Morris .‘ e .

1963 ICI dzﬁtr es produ panufacture of refrigerators using MDI-based
polyurethane foam:- :

1963 Flrst cold-s?re built entirely frownetal-faced polyurethane rigid foam laminate

made co
1964 “fm ﬁ ﬁrﬁeﬂxﬁuous manufacture of rigid
polyure rcd in pr duction

Fi

1965 commercxal production of self-ski nning flexible foam @c Quillery,France).

ﬁﬂﬁﬂ&ﬁm TS BT T

197 MDI based ‘soft-face’ bumpers made by RIM system for Chevrolet taxis.

1979  ICI introduces wholly-MDI-based systems for flexible foam moulding.

1983  ICI introduces system to make dual-hardness, moulded seating from MDI-based,
flexible foam.
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The key to the manufacturing of polyurethane is the unique reactivity of the
heterocumulene groups in diisocyanate toward nucleophilic addition which reactive
hydrdgen atom is transferred to the nitrogen of the isocyanate and the remainer is
attached to the carbonyl. The formation of the polymer is by a step-wise process (G.

norman and S. Gerald,1985). The pol erization of the isocyanate group enhances

W bond which allows rapid formation of
1s (O.Kirk,1983).
n& ( )

the addition across the carbon-ni

addition polymer from diiso

molecule is formed.

The reaction of i es with: npounds containing active hydrogen atoms

ain-extending and curing agent in

=T

polyurethane manufacturing. It,mqrf set & potential for both primary (covalent)
et [
and secondary, or \&dmgen-hm >d, cros Jresulting urea segments in

R-NCO + R/-NH, -R/ ...................... (2.2)

Reaction ulth water : the reagtion of isocyanates and wateg Jeads to substituted

carbamiclffuniplerpdich Fhich debimabsch 1] he ik f carbondionice

that acts a$ blowing agent in the manufacturing of low density flexible foams.
R-NCO + H-O-H — [ R-NH-COOH ] — R-NH, + EO%6ay wonnid (23)

Isocyanate  Water Substituted carbamic acid ~ Amine Carbondioxide

R-NCO + R-COOH — R-NH-CO-R + COp(g) oo (2.4)
Isocyanate = Carboxylic acid Amide  Carbondioxide



Secondary reaction of isocyanate
Isocyanates may react, under suitable conditions, with the active hydrogen
atoms of the urethane and urea linkages to form biuret and allophanate linkages,

respectively. Both reactions are cross-linking reactions. The reaction of isocyanates

/)cers at lower temperature than that with

Z.

with urea groups is significantly fz

urethane groups.

/ Urea q Biuret
<R-N-C-N-R'} + ST ERMNSE-NR' ] o) (259
L0 W
HOH \‘ﬁ%\\-m
1 R’-N-(‘ZI-O-R} =B AR NCOROF o (26)
I T
HO "m—
Urethane )
%—.
Isocyanate polyﬁriz ;

Isocyanates form gliggmers, especial&y’in the presence of basic catalysts, giving

uretidinediones ﬂcﬂrﬂmc%ﬁm,ﬁﬁfﬁyﬂ;ﬁes ( commonly called

trimers ).Dimer formation arises onl)é from aromatic isocyanates and it is inhibited by

o /
ortho s im Wﬂ ?m oﬂ!fgfmem' ﬂcﬂal temperatures
but 4,4 diphenylmethane diisocanate ) dimerises slowly when left standing at

room temperature. At higher temperatures insoluble polymeric materials are formed.

0
Il

/C\

R-NCO + OCN-R ———»RI—N\ NR e (55]

c
Il
0

Aromatic  Isocyanate Uretidinedione



2.2 Raw material for polvurethanes

The starting materials for produce polyurethane are the two main participants,
namely isocyanate and polyol. In additive to the isocyanate and polyol, auxiliary

materials(additives) are added to co

701 the process of reaction and to obtain

particular characteristics of fin

2.2.1 Isocyanate

Isocyanate, M- of primary amine or amine
hydrochlorides in an iner The reaction proceeds in two
the carbamyl chloride and HCI;

\-\ order of 150-170°C, then forms

stages : first at room or hig

further treatment wit

the isocyanate according

COClL,

RNH,HCI —ﬂ—mwgﬂjw Hqﬂﬁ ........................ (2.8)
AR AINIUNAIINYIAY

The structural formula of diisocyanaté are given in Figure 2.2 which includes
TDI, MDIL NDI, HDI, H;;MDI, XDI, IPDI, TMDI, PPDI, CHDI, TODI, but about
95% of all polyurethanes are based on toluene diisocyanate (TDI), 4,4-
Diphenylmethane diisocyanate (MDI) and its derivatives. Both of them are derived

from petrochemical intermediates.
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; 2,6-Toluene diisocyanata
NCO : e

CH ' ' . NC(
| EE, ’ ‘ N
FN—NCO . OCN—Z N\—NCO \ .
s N & e .
I/ . NCO

& 4'-Diphenylmethanc diisocyanate (MDI)
2.4+-Toluene

1.5-Naphthalen
diisocyanate diisocyanate (NC
OCN(CH,),NCO HC—NCO ST 0
A ( 2)6 . \ l- CH’
~ L6-Hexamethylene
diisocyanate (HDI) 'NCO
‘ 4,6"-Xylylene 4iisocynnatc (X1
H,C - '

> NN=C=0

H,C ; \' Oyl ch—-«@rqc

para-Phenylene
thylene diisocyanate. ’ diisocyanate (PPDI)
thylene diisocyanate) (TMDI)

3 ‘ CH, . CH,

Cyclohexyl diisocyanate il 1l 3,3"-Dimethyl-diphenylmethanc 4,4'diisocyana)
{CHD) "-Dimerhykiiph y¥ diisocyanate) (TADI - '

AULINNINYINT
AR TSR T

H,C” "CH,—N=C=0

3-1socyanatomethyi-
].S.S-trimclhylcyclohexyl isocyanate.
(Isophorone diisocyanate) (1PDI)
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TDI is prepared by direct nitration of toluene to give 80:20 mixture of 2,4- and
~2,6-dinitroderivatives, followed by hydrogenation to diaminotoluenes. The diamine
mixture are treated with phosgene at temperature up to 140°C and the derived

diisocyanare mixture is isolated and purified by distillation. Flowsheet and diisocyanate
. ' f//)ai]ed in Figure 2.3 and Figure 2.4,
<

TDI mixtures car( i ic't 1n use, having a marked effect
ery necessary in handling if

preparation route for productio

respectively.

on the respiratory system

damage to health is to ¢ diisocyanate MDI based on

diaminodiphenylmeth ‘ ‘ safer use, having as much lower volatile but
it is manufacturing is m han’il at 0 f TDI. Otherwise, the disadvantage is .
less easily purified and co i . ” i f‘.j en \ in the crude (undiétilled form).
The manufacture of MDI is

MDI is produ ».,- j by using hydrochloric acid as a

X dixture of polyamide which
are phosgenated to obﬂn a polyisocyanate mixture a@hown in Equation 2.10 and
2.11. The product, known' as,the polymeric@MDI as shown in Figure 2.6 (L.F. Hatch

and § Matar, 19ﬂ>uﬁl’3‘i’lﬂﬂ‘§W8']ﬂ‘§
’QW%NT]WL! URAINYA Y

2 ! cH ———HN{ }CHA_FNH, + HO ... (2.10)
Aniline  Formaldehyde

catalyst. This condensatic

N e FNE, + 2 Clco-Cl —

AR
OCN AF CHAF NCO + 4 HCLooeoeoeoeoeoooeo (2.11)



AUYANINITNYINT

Figure 2. a"Flowsheet for the production o oluene dusocy fe

AR ¥l Wﬁ"«]lﬁﬁl’] 1
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Polymeric MDI may contain 55% of the 4,4~ and 2,4-Diisocyanate and 20-
25% of triisocyanates and the remainder being polyisocyanates. Another form of MDI
is pure MD]I, a low melting solid (m.p. 38°C) is available and is produced by seperation

from a polymeric MDI precursor. It usually contains a small amount of the 2,4’ isomer.

AT

L bl T

ﬂ‘IJEI’JVIEWIﬁWEﬂﬂ‘i
ammﬂimum'mmaﬂ
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Figure 2.7 Structures of pure MDI
(Wood G., 1987)
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Table 2.2 Range of MDI variants
' (Wood G., 1987)
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Product description Average functionality | Polyurethane type Main application
Pure MDI 2.0 ‘ High performance Shoe-soling.
\ lastomers. Spandex fibers.
: Flexible Coatings.
— Thermoplastics
Modified, liquid 2.01-2 ] rmance Shoe-soling.
pure MDI : Flexible coatings.
7 | cellular RIM and RRIM.
: Cast elastomers
Liquid, low 2,47 3 - : : i-rigid Automotive parts
functionality 2,474 dl'a ctural) | Cabinets for
polyisocyanates. : electronic
% (= mponent froth. | equipment.
oy \ Insulating sealants.
AT \ Cast elastomers.
Low viscosity 2.3 AT gh density flexible Foam-backs for
liquid . -"‘-“"q";‘“ ‘ carpets / vinyls.
polyisocyanates. aidinid < 2 ctural foams. Computer carbinets
—— and other moulded
o jﬂ’i"ﬁ"ﬁni’{* articles. ’
Low viscosity 27 d Insulating foams.
polymeric MDI. Energy absorbing
: = s, foams.
| socyanuratg foams. Isocyanurate foams
Particle binders. building panels.
£ , Mine-face
' w EJ ﬂ '; w B q n ‘j consolidation.
Clipboard and
¢ o @.f foundry sand
‘ | 911 _%ikiers.
High functiionality %ﬂ ntinuous
polymeric ¥1DI. 1socvanate foams lamination

of rigid foam and

foam slabstock.
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2.2.2 Polyols
Most of the polyols used in making polyurethanes are classified in two
types hydroxyl-terminateed polyethers and hydroxyl-terminated polyester. The

structure of polyol influences on the properties of the final urethane polymer.

lecular weight polyols that range
from viscous liquid to ructure and molecular weight.
Commercial polyether p ost polyether polyols used in
polyurethane manufa which are derived from

propylene oxide.

Table 2.3 Condr Is (M. Morton, 1987)

Common Cheémy ;m- Naiie Y] tructure

Poly(tetramethylene adipaté glycol

polyester HO[(CH +OCO(CH,),C0O0],(CH,),OH
Poly(g-caprolacto U (@ RO[CO(CH,)sO0]vH
Poly(hexamethyleﬂi‘jlijegY.| EIII? | O mn(CHz)soH
Poly(oxytetramethylene)glycol

Poly(1 2pr ’;},&y&ﬂ i ﬁ ﬁ:ﬁ% flazﬁgi&ﬁ,&lzm(cm)]on

Poly(butadisne)glycol polyhydro- | HO(CH,CH=CHCH,)xOH

carbon
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CH;

base

CHy CHCH; » H{ OLHZCH_],,OH

(NaOH or KOH in aq. solution)

| ’ ,//{/iypropylene glycol
—

Propylene oxide 1 from propylene via a chlorohydrin intermediate

Propylene oxide

—_

and polymerized by basic

The manufacturin opylé ol uses -J‘"\ glycol or propylene glycol
or diethylene glycol ' a common solvent. Then pump into

a catalyzing vessel hea 30-100°C " Ufider va \ m where the solvent is removed

- I

—

A\
isferred tt reactor vessel at 90-120°C.

0 psi which is maintained until the

and the alcoholate formeé

desired molecular weight is rea hied, b en ‘ ess propylene oxide is distilled off
and the polyether mixtrire transferred to : 2 neutr: alized vesgel/and neutralized by sulfuric

: N
acid. Then the mi £-1S duced to 0.05% maximum.

Antioxidants are added l,. prevent storage stability. Polypropylene glycol flowsheet is

PR— H R WA S

Secondary hydroxyl end-giﬁs are severalitimes less reactive with isocyanates

wan iy iyarbt ot 614+ V11 VIES TRV E)
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Figure 2.8 Polyether(polypropylene)glycol manufacture flowsheet
(Hepburn C., 1982)
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Initiator + Alkylene oxide ———— Polyether polyol

Polyfunctional | Propylen polyether polyol

alcehol or amine with both primary

and secondary

hydroxyl. end-groups

The polymerizatic Propyléne oxide 'Ethylene oxide
1./ CHs
Secondary
OH hydroxyl (85°%)
: 1 22 A end group
RCH,O  + CH;-CH-CH:
N/
o .
A Primary
 — =~ hydroxyl (5%)

“ V ‘ 3 end group

1l

i¥ \.

-

CHs

wr:f#u B TS H B oo
W"] Sl um MY

Figure 2.9 The manufacture of polyether polyols
(Wood G., 1987)



Table 2.4
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Advantage and disadvantage of polyester polyols

compare with polyether polyols

Type of Polyols } Disadvantage
Polyester polyols r me ha@h -Higher cost
: ‘ , -More difficult to handle
solv (more viscous)
4 10'0; er|-Sensitive to hydrolysis
>
ﬂtl._i ;f
Ii'f : . ;
Polyether polyols \ -Inferior mechanical
.n.:"‘. £ \
VT strength

For preparationm' polyesters,
reaction between acid and’ digl or polyol,

H
g

-Sensitive to oxidation

1onal metmds of polyesterification, i.e.

ate' used, the water of condensation being

v vy bl 54 e b b P b o b o s,

molecular welght”an be controlled by the molar ratio of the reactants and the reaction

conditiofs) T 3 Qa&ﬂhﬁtﬁu M’q a %uﬁjtq}@(ﬂl terminated so

as to reactlan excess of the stoichiometric amount of the difunctional glycol with the

dibasic acid as shown in Equation 2.12.

(n+1) R(OH), + n R(COOH),— H{OROOCR'CO ],OROH + 2n H,0.....(2.12)



Condensation polymerization manufacturing of polyester polyols is shown in
Figure 2.10.

Water condenser

L1 Y
N [0 disposal

Samples for control

analysis

| ‘ﬁ ster product 0/ | | ;
awnmﬂimum'swmaﬂ

Figure 2.10 Condensation polymerization equipment
for manufacture of polyesters
(Hepburn C., 1982)
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A molar excess of glycol over acid in the range of 5-20% is required to be
heated to 200-500°C under vacuum to prevent oxidation discoloration. Water is
removed during the reaction and any glycol evaporated returned by the use of a
fractionating column.

Polyester polyols is used in productlon of specialty polyurethane flexible foam

by the reaction of caprolact ,
the macromolecule improyes the hydrolyti sm:he products.

The “hydroxyl valuej'is uSed as m ‘of the concentration of isocyanate

reactive hydroxyl groups per unif v

olyol and is expressed as mg KOH/g.
8%

The measured hydroxy ts molecular weight and

functionality. e i)

J 0

Hydroxyl Value (rgg&OH/g) 56.4 x (functionality) x 100

ﬂum ﬂﬂﬂ@‘?ﬂ‘%gﬂﬁ
of manUfa‘:tunng methane ‘@ ’&JW‘W W‘E]ﬁﬂrﬁnc formulation

rder to achieve the chemically stoichiometric

equivalents of hydroxyl to isocyanate group, the isocyanate index is specified.

Isocyanate index is defined as the amout of isocyanate used relative to the

theoretical equivalent amout of isocyanate required.
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Isocyanate index Actual amout of isocyanate used x 100

Theoretical amout of isocyanate required

Isocyanate Value ) 8 1S 2 x (functionality) x 100

Calculating t “fequired for polyurethane

3 g ; ' ."'N,‘ .
manufacturing is to calc umber of parts \‘ weight of the isocyanate that are
required to read with partglbywéi ht-(pby he polyol and proportionate amounts

of additives.

AULINENINYINT
RN TUAMINGAY
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2.2.3 Auxiliary material (additives)
In addition to isocyanates and polyols - the basic materials for making
polyurethanes - a wide range of auxiliary chemical may be added to control and modify

both the polyurethane reaction and the properties of the final polymer.

These additives include catalyst, chain extenders, cross-linking agents,

flame retardants, colouring materia hich are shown in Table 2.5.

balance of reaction rate f diffe: active hydrogen activity. The
important role of catal ,  affects the rate of ehemical reaction, responsible

for chain propagation, 1gn g d eross-linking, but, also influence the ultimate

reaction (blowing).

ﬂ‘iJEJ’JWEJWﬁWEJ’m‘i

The mechamsn;g of this catalyst involve the donation by the

o A AN A TG e

complex intermediate. The efficiency of tertiary amine increase with the basicity of the

amine, and decrease with increasing steric shielding of the amino nitrogen.

2. Organometallic compounds (see Table 2.7) which promote

OH/NCO reactions (polymer forming).

Organometallic compounds are much more efficient catalysts

than the amines, especcially for the hydroxyl/isocyanate reaction (S.J. Blunden, 1976).



27

Table 2.5 Reasons for using aadditive
(Wood G, 1987)

Additives Tvpe of material Purpose

Catalyst Tertiary ammes To speed up the reaction

Organomet of isocyanate and polyol
Cross-linking ] T'o g1ve polymer cross-
chain-extending 1 es) mm— linkink or to introduce

—
agents --"'-‘ specialised polymer
. NN — segments

Blowing agents J(re To produce foamed

i ate givin structures
Surfactants Sili one flu ‘ | To aid and help foam-

e b ‘ forming processes
Colours 1ous. tsp il " | To identify different foam
b - bt | grades and for aesthetic
"'?‘ 'I : L Ieasons

Fillers _ culate i lic materials | To modify properties

Fi - illed (stiffness, fire

s Cottin performance etc.)

Flame retar To reduce flammability
Smoke suppressﬂ? particulate inorganic To reduce the amount of

and/or organicfmaterials. smoke or to slowdown the

ﬂ u EI | mtﬁgeﬂﬂm ﬁff;m“e production on

AN TUNAINYIAY




Table 2.6 Some tertiary-amine catalysts
(Wood G., 1987)

Catalyst Application
1 N,N-Dimethylaminoethanol Inexpevsive, low-odour, isocyanate reactive,
(CH,),NCH,CH,OH mobile liquid catalyst used in polyether-

based flexible foams.

2 N,N-Dimethylcyclohexyl ' , Liquid with an intense odour.
(Catalyst SFC) ‘ / 'R " d foams, polyester-based flexible
|-Toams and some semi-rigid foams.

,CH G (g@ \\§ d cold-cure flexible foams.
4 NN.N N N"-pafffargé Y & ’y{‘\ \ .
i AN

0 .. mobile liquid used in high

and semi-rigid foams.

|
5 N,N-Dimethylbe id with characteristic smell used in

(Catalyst SFB) er-based flexible foams, semi-rigid

-"‘"""h"w repolymer making.

‘Wﬁlﬁ]lm a low odour used in

polyester-based flexible foarns and some

:]‘QMIE‘L ja@r, gE')l/cols and

v

o el
ARIALAIALY!

polyethers. May be used in most types
AT,
N N of polyurethanes.
T
8 N-Ethylmorpholine Volatile, low viscosity liquid with
CH,CH, characteristic odour. Used as
7
CH,CH,N (¢} synergistic catalyst in flexible foams
\\ e
\CH:CH: and in prepolymer preparation.
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Table 2.7 Some commercially available organometallic catalysts
(Wood G, 1987)

Catalys Principal application

. %] I
stannous octo \\" <y /

Abs ck polyether-based flexible

oulded flexible foams.

\\ ocellular foams, RIM, two-pot
’ \\.\\ 2 systems, elastomers.
b ’t\:\\\\.\\\‘ resistant catalyst for
\, tale two-pot systems.
ela »\- action (hindered) catalysts
ates : for Vl'and high resilience foams.

gl

glycol solution for potting

pounds, as a powder for
O e1a Ve -:":'3 CatalySiS.
Lead oc ?- ain extension catalyst

Alkali- tal salts, General ca alysts for the urethane

ﬁmm ﬁmﬁjﬁsocyanate

L OPRTRIET Tl kit ¥l

on the cure rate of polyurethanes.

Ferric acetylacetonate Catalyst for cast elastomer systems,

especially those based on TDI.

29
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This allows the polymer -formation polyol/isocyanate reaction to proceed at a
sufficient rate to increase viscosity rapidly to a state where gas is effectively trapped, as
well as to developed enough gel strength to prevent the foam from collapsing after gas

evolution has ceased.

properties results than i e to the introduction of urea

linkages which enter st shown in Figure 2.11 and
Figure 2.12. Chain-e ethanes such as flexible foams;

microcellular elastome \ ems. Some chain-extending

ng a functionality of three or more are

é
used to increase the level of cova onding i rigid polyurethane foam.

4-)
X' )

)
ﬂ‘lJEl’J'VIEW]‘ﬁWEﬂﬂ‘i

quﬁ\ﬂﬂim UAIAINYA Y



HO-—A —OH NCO—R,—NCO
Linear polyme ifunctional diisocyanate
glyc

Route |. Dihydric glycol
chain extension
(n =hHO—R, ~OH

Route 2

T
O—A-—O—CNH-—§
Soft + 1 1
segment )

Route 2 uses a diamine
chain extender H,N ~ R, -NH,

k4

L
O e S
F

Urelhan ') ' ;
. LY | ‘ o
If \\ "I ! | I
£Q~A—=0—C —NE~R, -NH +vC—NH —R, —=NH 4€ —NH—R, —NH" —C7:—
: |

1
i
'

= AT

AN NS,

(Hepburn C.,1982)
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Diol chain extension i
: f OCN + HO—R,—OH

Low molecular weight
diol

Low molecular ]

A &, ! weight !
! ﬁ ) A - I: (") i '::gl :)
--C—NH—R, — ‘ = {C—~NH--R —NH—C——-O—-R,—O
Strecture P : ' ; .

repeating ! Urethane '

unit

. D n ne \\
- Lo SIS Rigid segment
; ’ : ) segment -
r : : £ —= '
o fdonis o 4

Diamine chain extension

R,—NCO + H,N—R,—NH,

\d

0 s 4
I, ] I _)_
+C—NH— R -— -I —C—0—A—0 —NH 1“ NH—C—NH R,—NH
Repeating ! #

| |
unit :

u

ﬂuﬂﬁ ﬂ%mmmﬁ's‘
A4 S0IAURIANNAE

(Hepburn C., 1_982)
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Weight of diisocyanate

Additive
(g per 100 g of required
____additive)
IDI MDI
Ethylene glycol 280 401
C2Hy(OH),
Diethylene glycol 164 235
O(C:HsOH), '
Propylene glycol 229 329
C3Hs(OH),
Dipropylene glycol 130 186
O(C3HsOH), i
1,4-Butane diol 193 278
CsHg(OH),
Polypropylene
glycol 400 43.5 62
m-Phenylene _ 4
diamine E———,—"""‘-_—"""'H"' 161 231
97.7 140
diamine 81.2 116
CHCH;( ‘ ‘j
Water (}(ﬂ{% | 968 1389
Diethanolamine 3 y 248 357
HN(CH;CH;OH), ¢ o g
et 1 : ‘ F 1 5 232
RN IUAYNINE§L
% ol* 2 1827 84 407
CH;OHCHOHCH,OH
‘Daltolac’ C 5 3 150 1125 175 251
‘Daltolac’ 50 4 468 480 75 107
‘Uropgl’ G 790 4 280 800 124 178

(93

(9%
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2.2.3.3 Blowing agents
Cellular polyurethanes are manufactured by using blowing

agents to form gas bubbles in the polymerizing reaction mixture. Blowing agents may

gas bubbles in “flexible i oenerating carbondioxide, the
water/isocyanate reactio |
hard segment, but also omplete the polymerization
and vaporise any non-re g'blowing d. blowing has no effect upon

the hard segment of po _ stiffness of polymer. On the

the presence of oxygen: »polyurethanes to reduce the

o111V 1421 (e 1101 M

- Provision of @ heat sink byafilling with incembustible materials

o sy it AT hrdddeiens | VI E) 716 EJ

- Provision of an energy sink and means of diluting the

combustion gases by filling with substances that decompose on heating to give
incombustible products such as water and carbondioxide.

- Modification of the mechanism of burning by filling with
materials, such as halogenated flame-retardants, that react with the polymer or that
produce a gas.

- Including char formation by the use of additives.



The most widely used flame-retardants in both flexible and rigid
foam systems are chlorinated phosphate ester. The common flame-retardants are

shown in Table 2.10.

Table 2.9 Nonsreat

Blowing agent Methylene
chléride
\\." -12)

Molecular weigh ’ 84.94
Density at 20°C(g/n \ 1.366
Boiling point at 1 atny -29.8 40.1
Freezing point ( °C) -160 -96.7
Threshold limit va 50 ppm A,
(TVL*,ppm ‘C';E

Solubility
(2/100 g solvent at 7O°C)

U ¢ El"ﬂ"ﬁi‘ﬂ BTG | e
rmasn salm A m e

T 1738001



Table 2.10 Some flame retardants for polyurethane
(Wood G, 1987)

Addtive Typical application

A. Non-reactive liquids
Tris(2-chloropropyl)p : ILpolyurethanefoams including
‘Daltogard’ F : L folyester-based foams and

ular elastomer.

Tris(2-chloroeth shate, | Polyether-based flexible and rigid

(T.CEP) | foams,

Tris(2,3-dichlof@By &)\ Polyether™ased rigid and flexible
o

‘Fyrol’ FR2 1 foe «»\

3&

l'

‘Celluflex’ FR-
Tetrakis(2-chl t
bis-(chloromethyl

ity material for flexible

S
&

¥ '. u oams.
phosphate. sl :
“Phosgard’2XC20 ng o
Dimethyl methyl pho ,‘ R n‘ 02 |

B. Isocyanate-reactive ag t’vﬂ‘ =
Tris(polyoxyalkyleneglycof=
phosphonates and phosphite
esters. .
Dibromoneog y

exxble and semi-rigid foams.
I ZI.

o f polyurethanes.

‘FR’1138 !
Tetrabromobismenol A Rigid polﬂetbane and ‘
Tetrabromophthakc anhydride . polycyanurate foams.
C.Filler

rﬁnuﬂ’ghm Ej ﬂ ﬁ mﬂfl/m halogenated additives !
polyphosphate, etc. . in rigid polyurethanes. :

W%&‘ﬁm I T .

nd smoke supression. i
Ca cium carbonate Heat absorbing filler. :
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2.2.3.5 Colouring materials
During manufacturing low density flexible foam, it usually add
pigment pastes in order to identify the grade and the density of the foam. The pigment

are also used in both organic and ino

rganic pigments. The characteristic of pigment
? ust be stable at the high curing

temperatures reached in the manufacture ¢ —density foams. The most widely useed
—J

Bich @e protection against surface

yurethane foam is easily coloured by

be used in most kinds of

polyurethanes. Particulate d; x1b o\ jurethane foams to reduce their
ncrease the range of operating

temperature of rigid foams, self -w : and flexible RIM products. Mineral

fillers are sometimes use o the compressive strength of

rigid foam. R. Gacht. ] ‘-'\“.‘o the selection and usage
of fillers. Some fillers nd therr application are lisfm in Table 2.11 and 2.12,

AUEINENINYINT
RINNTUUNININY

respectively.



Table 2.11 Some fillers and their application in polyurethanes
(Wood G., 1987)

Filler \ Typical applications

Calcium carbonate, ( .\‘ ” all ;. exible foams, semi-rigid foams,
ground limestone, N ompositions, rigid self-
mouldings.

Barium sulphate v e foams, semi-rigid foams,
Clays (China :

ly for sound-absorbing.
ystems

Expanded silic s, cast elastomers

Clay balls, vermic — =1 ‘Rigid fo:

expanded mic | ’ \

Glass micro-sphe ' dble,n icrocellular foams, RIM

Glass flakes { RIM

Silicates, cements ‘0ams, sealants; grouting
e 1P ounds

Short fibres, milled and ghopped romeric RIM, rigid foams

glass-fibre, Aramid fibres

carbon fibres, conducting

(aluminum, ¢odted glass Ve

Glass cloths an§ tihg in rigid foams,

wire mesh, org nt of low density
E‘ exible f mouldings.

ﬂuEJVJVlEJ‘V]ﬁWEJ\’lﬂi
QW’]Mﬂ‘iﬂJ AN Y
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Fibre e/s.g.
‘E’-glass fibre 27
Aluminium Wy ey o 26
Aramid fibre'Keviar'29| 80 61

‘Keviar 5| 2556 . 86
Carbon fibre (PA 250-40" 8-1.9 140-210
Carbon fibre (Pitch) 105
Steel A 00 26
Alumina fibre = ok = 88
Polyethlene fibf: ¢ 31-73
Boron fibres I ( 2.3 160

AULINENINYINS
AR TN TN
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2.3 Static Mixers

Static mixers, often refered to as motionless mixers, are in-line mixing devices

which consist of mixing elements inserted in a length of pipe line ( Tube ). ther are a
!y various manufactures but alll are
;&)ﬁom the pressure loss incurred as
the process fluids flow t ixifng eg additional pumping energy is

necessary over and abov( I

of elements required ifl a

duty, more elements being -for di ‘ \rr:nally mixer sizes from 3/8
in. to 10 inch. in diameis 4fcm.) are : llic co ction. The length of each

variety of element designs avail

stationary in use. The energy

umping requirements. The number

it on the difficulty of the mixing

111111

TS y type for used in many mixing
-"" = 4

applications. Flgure %3? shows the type{)f iother type of static mixers

vle : e which designs for low
pressure drop. This desgls also ries of r&mg elements aligned at 90°,
each element being a shci‘t&ehx of one and a half tube diameter in length. Each

s 5+ 16 4 B B s e e

alternately in a p e-line. The basic principle is ﬁreased interfaci 1 of fluids which
e @RAANN AU Y ma t

Assume two fluids, which the color of the first fluid is white and the
other is black, are followed in the first ribbon (element). The white fluid is over the
black fluid. While the two fluid are flowed, the white fluid have been controled to the
bottom and the black fluid have been controled to the top of the ribbon (element).
When the black and the white fluid have gone to the second ribbon, each fluid have
seperated two sections because of the second ribbon aligned at 90° with the first
ribbon. While the fluid leaved from the second ribbon, the fluid have seperated four

sections and have seperated eight sections when gone out from the third ribbon.
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The number of sections have been calculated from the formular
N=2" when

N is the number of sections

n is the number of ribbons or elements
2.3.2 Radial Mixing

As fluid fo e%&ms, they are rotated rapidly toward
_‘ ’

the pipe wall or rotated & e cofiner —
ﬂh_l

Right Element /

FigureZ S Flow pa

Left Element

ft-element and right-element
., 1983)

ﬂ‘lJEJ“JVlEJVIﬁWEJ\’Iﬂi

igure 2.14 Divisién of flow indenics static mikers

ARTANN UK NVIRE TR E

P @b

Right Element  Left Element

Figure 2.15 Radial mixing in Kenics static mixers

. (Oldshue J.Y., 1983)
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