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Product provider in 5 industries:
» Home appliance industry
» Oil and gas industry
» building industry
~ automobile industry
~ Shoe industry
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Acid Alcohol Components

Adipic acid, diethylene glycol, 1,1,1-trimethylol propane
Adipic acid, phthalic acid, 1,2-propylene glycol, glycerol
Adipic acid, phthalic acid, oleic acid, 1,1,1-trimethylol propane
Adipic acid, ethylene glycol, diethylene glycol

Adipic acid, ethylene glycol, 1,4-butanediol

O (0]

I Il i
nHO —C—R—C—OQH + (n+1) HO—R — OH Calalyst

0| P ERC IV g PR PR Ly

:Jl b 51 b sblm

iJl b 5 b s 2,

Uses

Flexible foam
Semi-rigid foam
Rigid foam
Shoe soles
Elastomers

|
HO—R—+0—C—R—C—0—R—O-H +H,0
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Isocyanate reactions (C.reaction)

Lt}
¢
i F‘”"(g}”’ Dimerization
4
M . R .
s Remmemo — O 0 0 Trimerization
n’"‘EI' R

RACO+00NR — RAECHR+(0,  Formation of carbodiimide
1{?

Faistan-r o R0 —w e e FOrmation of urethaneimide
§

o 4

a Methylene diphenyl diisocyanate(MDI)

4.4 -Diphenyimethane-diisocyanate (MDI)
OCN NCO high reactivity
NCO
OCN li '

2,4"-Diphenylmethane-diisocyanale
lower reactivity

2,2°-Diphenylmethane-dilsocyanale
lowest reactivity

=

Polymcrc

MDLMIN
oligirs

[ LI Featillatien g

| M

The chemistry of MDI ismore complex thanof TDland
allows asignificant degree of freedom for chemists to modify
andrefine different types of MDI’s to meet the desired specifi-
cationsfor PU

Initially, MDIwas developed for use in applications where
the volatility of TDI causes problems due to toxicity and
consequent industrial hygiene problems

|
M1

Meslafical
M3

Lt

Typesof MDls
-Pure MDI
-Modified MDI

é éocn@{m‘@wwo + Ho*i:z—crﬁwnz-ﬁu-on —_—
Hs

oon }w@#c HCHe-0-cH-GH @m@o
Koot rﬁﬂ:}ﬁtﬁ

Modified MDI

Thismethod istoreact pure MDIwitha2/1diol. Inthisway, a

liquid diisocyanate of greater molecular weight is obtained, with
functionality equal to 2. This compound mixed with pure MDI,

. -PolymericMDI (PMDI)/Crude MDI

ocn—@cm—@—uco

Functionality = 2, with equal reactivities for both isocyanates

/" Pure MDI

Pure ormonomeric MDI (4.4 ‘isomer) isawhite or
yellowish solid, withamelting point of around 380 C, which tends
toforminsoluble dimerwhen stored above 400C. Thisfactled to
the development of pure modified MDI’s that are liquid at room
temperature and have little tendency to dimerize. MDI’s, with
ahighcontent of ortho and paramonomers (MDI1 50 OP), have
highstability during storage and do not exhibit the behavior of the
“monomericp, p ‘isomerto crystallize atroom temperature

.

| results inamodified liquid MDI atroom temperature

/ ' ;nr_n-{D—m_@_«uu ﬁ'

.
o,

ModifiedMDI o=t (Op-enThamo

Anotherway isto convertpartofthe isocyanate to carbo-

diimide, which reacts with excessisocyanate to formuretonimine.
Inthisway, aliquid diisocyanate of greater molecular weightis ob-
tained. This compound mixed with pure MDI results inamodified
liquid MDI with functionality equal to 3. The carbodiimide-modi-
fied MDI(MDIMC)isastable, low-viscous liquid withanaverage
\ functionality ofapproximately 2.2 and amelting pointbelow20°C |

N\

oo

Polymenic MDI (PMDH)

N —@—cn, @cn,@m

Dark brown liquids, with varying amounts of products where n = 1to 4, with
an average functionality of 2.6

Polymeric MDI (PMDI), or Crude MDIwhichismore
commonly used, isamixture of MDI and larger molecular weight
oligomers of MDI, and is a brownish liquid at room temperature

\ .and may haveaslightodor

\.

.

s >\
i proeshoagrey S
=
T M g 3.2 o 1% hot e, 2
et — D L FCSC SR DO 30 6.
e B
90-
e <
EHEEo Ag atesom. toon. st U
v
*
coraucton sl |
AN /
/ ftem DI W9 MDI (pol AN
Physical state at normal Solid Liquid S
temperature o
Viscosity (mla at25°C) - 100-800 =8
Color White to light yellow Dark brown (opaque) R
Specific gravily (@ 25°C) 122 (43°C) 123 =
Boiling point ('C) 171 (1.33 mbar) Polymerizes at ~260 .8
200 (6.66.mbar) with evolution of @D
230 decomposition carbon diexide Er
Flash point (*C) 199 Over 200 @D
Fire point (°C) bis] Over 200 S
Freezing point (°C) 38 Below 10 =
Vapor density (air=1) 85 85 Z
\ Vapor pressure (mbar @ 25°C) < 10~ <10t o
N —_—
s N
/ Othertype

-Hydrophilicisocyanates

-Blocked isocyanates RNHCO—g1 e
RNCO + ROH == RNHCOOR'
-Prepolymers BL = blocking compound

\_ HO-OH 4+ :nc:l-n»m_.a;n.n.s-?-oﬁqf-a—a-m




Isocyanates

Prepared by: M.Moradi

ATomatic iscyanites N

Toluene diisocynnme

L A4 4 Medhylenediphenyd ditsocyanae
oren DT

Aliphatie socyanates

o T T S
== ™ e,
¢c¢ % N o
o
Isopharons dilsocysnate
arDn

=N i =
= Sy T R N .
CI# %D

B sy anatoeye lobesy | setlione
(HzMD

Henanmethybone dilsocyanats
HDIy

Pentamethylene dissocyanate
(DI

\_Aromaticvsaliphatic Y,

o " Aromatic
’ e “‘“}@«“m Isocyanates have the NCO
e S group that reacts with com-
i poundsthat have active hy-
drogenatoms, such as polyols,

3 2 [ ¥
. : water, chain extenders, etc
o e N0 Allcommercially used
¥ 5 § ]

isocyanates have at least two

toluene-2, 1oluene- 2,6

functional groups
Morethan 95% are aromatic based on TDI (31%)and the
\_differenttypes of MDI (66%)

 ——————————————— N\

Ho+ H®  Whatisactive hydrogen?
N Active hydrogenisanatom
Q"”””'['E_O&_ ofhydrogenwhich isattached toamore
= L\

electronegative atommakingithighly

o+ . . . .

polar. Italso makes itunstable, which means highly reactive and
asduringthereactionitalways leaves as H+ionwhichiscom-
\_monly knownasacidic hydrogen

Resonance structures of the isocyanate group

Thedensity of electronsis lower inthe carbonatom, intermediate

innitrogen and higher inoxygen

InPUs, most reactions of isocyanates occur through addition to

the double bond C=N.Anucleophilic center containing anactive

hydrogen atomattacks the electrophilic carbon and the active
\_hydrogenatom isthenaddedto the nitrogen

%

Sa)euRAd0S] [BI2JBWIWOYD) |

jij\ ~ - |
o, o = c
-‘E;‘:G::%N N#:# ® \G\/@/ *

\.

R—N=—C=—0 + R—OH —= R/““\H/DHR.

o
e, — —0 =—= R——NE=C—O
5 & &
Cr—c) sC—0" R—N—C=0
+ — 21 — s
H—o—R H—o—R H—o"—Rr
&' &

pp—n

H —_—R

TR e mieied e ey
P =

H—O—R H———R

Isocyanate reactions (A.reaction)

4 [ N
R=N—C=0 w—= R-N=(=( «—= R—N%‘SJ

InPUtechnology there are five mainreactions of isocyanates with
\ 1-Reactions withalcohols

/

e N

R—N==C=0 + R—NH; —» R/“’KH/NH\R.
o

Isocyanate reactions (A.reaction)
Reactionswithamines.2
The steric effectisanimportant factor
Aliphatic amines react more quickly than aromatic aminesOn
the other hand, aromatic amines thatare much less reactive, such
as methylenebis-o-chloroaniline (MOCA), are used as chain
| extendersinthe process of obtaining casting PU elastomers

e N

R—N=C=—0 + H—OH —— R/NH\",/OH
o

——— R—HNH; + COs}

Isocyanate reactions (A.reaction)
Reactionwith water.3
Thisreaction isextremely importantin the manufacture of PU
foams, where the diffusion of carbon dioxide into previously
\ nucleated air bubbles causes the foam to expand

'/'I’srocyanate reactions (A.reaction)
Reactionswith ureaand urethanes.4

T
R—N=C=0 + R,/”'H(“‘ak = M "\n/""LRN
o o

&
R—N=C=0 + R./N H(O\R. _ R/" H('LYO\H.
0 0 0

R OH Ni o} R
R—N=C=0 + Y —— R/ ”\[( Y
© o o
NI R
— o
o

Isocyanate reactions (A.reaction)
. Reactionswithacids.5

\ 4
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