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Science and Technology of Polyurethanes
Was the Polyurethane Understood in How Far ?
. Fundamental Chemistry

Mutsuhisa FURUKAWA(The Emeritus Professor of Nagasaki University, Institute of Nagasaki Polyurethane Science
and Technology, 3-5-1-903 Baikouen, Chuo-ku, Fukuoka, 810-0035, Japan)

Polyurethanes (PUs) can be given as one of the most popular polar polymers. The PUs are usually composed of
soft segment formed with polymer glycol and hard segment done with diisocyanate and chain extender. History, basic
chemistry of isocyanates, preparation method, chemical and physical structures of polyurethanes were described to

understand properties of polyurethanes.

Key Words : Polyurethane, Isocyanate, Micro-phase, Preparation method

. & U & (£

AV LY I ZOMITEEFNTIOERESL, TOIH
EMBIEDS Y D—&EZMS>TWS, L LD, B,
DEFEPFIEY, RSO, BEITEEEYICSh:
E3HAH., L, KU LY ORI A VI TFH—1tE
Tl 2 OIEVERFERREZBEMMS S5 &, #h/z “b
D7 PRETEDLVIHFIEE, ZOPTHEL S UG

WHHETH B 720D ES TR, R)7L s oo
HRALS ) MG 2 WD THh A D . Ol
T, FEEZBEI LY OMEICHED 722 D404
BT [R)T VLY v ORFEEMN] DX HITHEEL,
FR)I VLT vPREZEFTOIroTELD2EZDLINRTL6
o TR 5.

2. RUILELDEREMBOPTOMNE

RUVTLE PRIV Y Y EEEHT LK) —DORIET
HY, ZLRIERTHLEMT VIV eSS Y 2T F
—F2RE - EELEICLoTERENS., FUYY
Ly, RELGTBIORETEEZEZHZ 828D,
TA—hrvvary, Wik7+—4A, TIA Y-, BE,
AR, SR (NTEE), iz & o Cliia
SR ENTWD., SHTIE, TEMR, ERHE, 2

56

¥ KEEMBDP OREAFETOMBETRY Y LY V28
fEHENWEZAHIE%R L, A DATGIIAT R LML
HoTwWh, TOEHICRY I LY UL SN H
Hix, BV SRS I T LR TIAF v 7 -
MEOHEME TR AIN—TELIEICL D, ZhHIIHVEA
VYT F—=F, RUF—, KBEELYT I VEOMWMK
Fx b OWALH ORI - FHREIEEL - TR E &AL
LEORAREEEL T LI VAR IRHPIICER D
CEBIOBRENMLEEZEZAZLIZEI) EALALD
WA RTEOBRERZSNE720THA. 512, KYv
Ly vl T ATy 7, MiiE, TN, K, SEMEL
IR e DT ABBAIC XY, BRI, #5 -
ik, Bk, WESRENE, WHeEE, SR S omtkg
B T&52212L4. TOXH)ICH TG HBDDIA
HPHICTELMEHEIRY LY Y OARTHDEV-THHE
ST R,

W WA RIGRABEEEZ. Tl s
&R 7Ly PRI (T 810-0035 1
i) 13 Y X AR 3-5-1-903) 1970 4 JUN KR
REEBE LA ERHE LIS 1. AR EH I
b2 (B AtL. 19724F R R LA R T
SR TF 1993 4E FHd%, 2001 45 W) K= BE AR EF)
IR AT ERZ, 2009 4F AR R, HMIEES
A?Hﬂ% FTRY 7Ly ofeE HAD
ApRiia Iﬁf [FEF#E.

(24)



847% 277 (2011) £l

ke A

v

QS

v .
2y

108 .
GLASS FIBRE REINFORCED ALUMI
POLYESTER AND EPOXIOE RESNS Atore
CAD o \
10% ACRYLIC
PONNCARBONATE
© POLYAMIDE
£ LINEAR mvmentgues } \
103} RN ’
g N |
g RN 1 1|
& ,gs‘:\ I 1 N
5102t STEORN [ A
< oA \
Y 11 ELN (i I \
£ l\ |
73] 1521 2o |
2 N IENNEE
= 100 e F:.i w ’ \
ﬁdml’ :
o ZEay] 11
P! ’3 :E‘ﬂ\ ’ 1
1 2% shalig
% AN [l f
2! RN |l ’} f
KX N i
»‘.'1! d | i
108

“
g

1 10! 102 10
YOUNGS MODULUS

Figure 1 The position of the polyurethane in the material.
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Figure 2 The annual change of polyurethane products.
(A) Polyurethane foam
(B) Polyurethane foams, elastomer and non-foam.
(C) CASE without elastomer.
*Figures summarized the data published by the Foam
Times and The Society of Polyurethane Industry, Japan.
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Figure 3 Reaction of isocyanate with various active hydrogen compounds.
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1, Reqular Polyurethane (BRItER LA Y)

Glycol

Diisocyanate

OCN-R-NCO + HO-R“OH ——  {URUR-

2. Urethane-extended polyol (LA V&MY 7 =)L)

Diisocyanate Polymer glycol

OCN-R-NCO + HOMAMAQH = A JammandJanaand ) amaannan
3. Segmented Polyurethane (2 XY T 1 RIRUDILAY)

Diisocyanate

Glycol Polymer glycol
OCN-R-NCO-+HO-R’-OH+ HOAMAAMOH ———-[URUR’JnMWWURUR’]n- MWWV

4. Segmented Polyurethaneurea (27X YT 4 RIRUDILIYILP)

Diisocyanate Diamine Polymer glycol
OCN-R-NCO +H2N-R"-NH2 +HO MMWWOH == -[URUR ] UMVWYURUR Jn-Unvv

*U:Urethane group , U:urea group

Figure 5 Classification of polyurethane structural elements.
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Table 1 Cohesive energy of functional groups.

. Cohesive energy
Functional group

(kJ/mol)

-CH,- 285
-CH; 7.11
& 16.32
-CH(CH,), 795
-O- 4.18
-CO-O- 12.13
-OH 24.26
-COOH 2343
-NHCOO- 36.57

-NHCONH- >36.57

Table 2 Relationships between applications and micro-phase structure of polyurethanes.

Products Micro-phase structures Manufacruring method Applications
Foam Rigid foam High chemical crosslink Slave, Mold, Spray, Heat insulation, House
density, buildings
Semi-riggid foam Middle chemical Slave, Mold, Sound insulation
crosslink density Buffer for automobile
Flexible foam Low chemical crosslink Slave, Mold, Furniture, bed, sheets
density, micro-phase for automobile,
separation, physical others
crosslink
RIM, RIM Microcellular, Reaction injection Microcellular,
micro-phase separation molding Parts for automobile,
Sole, house buildings
Elastomer Castable Micro-phase separation, Castable, Extrusion Industrial, Sports,
Physical and chemical Spray, Leisure
Millable crosslink Millable Industrial
TPU Micro-phase separation Extrusion, Injection, Industrial, Medical,
Physical crosslink Calendar,Powder Shoes, Sports etc.
Coating High chemical crosslink Liquid, Powder, Coating
density, Solution
Adhesives Low chemical crosslink Liquid, Powder, Adhesives, Binders
density, micro-phase Solution
separation, physical
crosslink, Rubber
elasticity
Fiber Micro-phase separation, Spandex fiber
Physical crosslink
Leather Micro-phase separation, Liquid, two Clothes, Shoes,
Physical crosslink component liquid
type, Powder
Sealants Low chemical crosslink Liquid, two Civil engineering,

density, miro-phase
separation

componet liquid

Athletic
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