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1.1 ZIU®»IZ

Jx /)R TR—=27 54 h] NEMRARY Y¥—ELUTKED Bakeland 12
EDIFUOTIELINLDWE, 1907 FTHD, N—=IF( MdTx /=)
EFRINT) L EDMARERICI VBRI NS (LEDHIERORY X —TH
D, BETHRLESFEAINTVIERRY I —TH2, £z, HRORUT
—&ELTEHLUDTIRIEINZDE, 1913 £ THD, FAYOIIN)IVT =
W —RBI T T, ARIL TAFINITL) DENTEDDINEEI N, T
N3 2, -DAFINTH DL ET U TEAIEZBDTH>. R1Y
® Staudinger IZ& V. RFNERFEICL > TORA>TZRY T — (BERD
T) THDEVWIENHELINZDMN 1930 ERYPWETHZ DT, GRRAY
R—MWIECHTITE LI NZ 1910 FRiETIE, RUIT—NDFEROMDTK
EILBEWTH S ZEFHSMIIN TN R TH S, 1930 FERFiE
2, RUEEZIL (1928 4E). RUAFL > (1930 4F), BLXUYNRYTEFD
T (1931 ) OHELENIHRNWTLE(LSI N7z, Staudinger DR ¥ —DHE
BN S NBEHAICIE, KED Carothers ICK2RY T I R(FAO2)DH
BHMNH D, 1938 FICTEMIN, GRRUY—NHELEBEOLFMREL TE
AENZREEzo Tz

BV T F— ek ET5RY X —OWUZENBIE S Nz DI
1930 FERBAELETH D, K1 YD Otto Bayer A, F1 O NI T HRY
R—ELTEWIAVITF— T ) IV EDOHMEEGRIFITE DR T
L& B LUE. BETR. AT 2AFv 7 EFEN2 1 #H#oRY—%
BFLHELT, A—N—Z2P2F VT TIAF v EBFENDR) T —FK
T EAHETH 50 I B ESARAR Y TS NT S, 1998 4 1 4



T, MRTEESNZERR) Y13 184, 430 5 C0EFD., BAT
D1 ANHZDDOHEEEIT 86.47 Kg/Y L72oTWb, BRI —DEAKDIH
BEIIKET, 1 AHZDOHBRRIL 145 Ke/Y (1997 ) &7225 TV B,
140 Kg BTIEFRML T3, 1998 F£HEMIKO ALK 60 EATH DD
T, KEBACEET S S 0 [ b OBHARY T —BETET BUENRD 5.
LnL, BEETOERRN) T —DORBHEEITHEND, HBERZRORENEL
TOMHE, FRY —A, RunBlmOERBRNDOZE, EER ORI EYUERE
DREBFEENFEEL TEZ, 1990 FRLIRITH R ERERE R > 2R U
Y —EROTEMTBRIN TN, BT —T vy hZ—XIZH, BHFERY
N—zflAEHOED TV RHEDLNMEERGZ EHRD 7 O OFMAED
WEHRW, BEORY T —2ERELEHKRODIVWETZEOT A F—F 2P
DR THBRTELRR E/Ro7z, =61, HBFERBORENURICBITS
FAFFT D OBED D NEERY —ZAEBEDU YA VIVOMENS 7 1)
LADORVEILEZ NS ZNVWENN—HORY T L& idndndbRy AL
TA VBB ENDZERBY T —DEIKDOIFRTHH D, ZDEKDRIRIC
JRAD BRI —DERMBRDERIL, BEOMBEETHRRTDIETHS.
BlIZE, BEOEERT, 2R OFEEZM/ZI/-D0I2IL, BEFamE 9/1.44
Thabb 6.25 FIINEEVWI &IZid, SNz iud, "MEoEmALICE
ZHEOMELIRD, £z, BUHWHEZE T 258 EICRES NI HAE
(Bl : AFDOR/2E) ITXD, BZEMEIES I La<, SN —T vy hZ
—ARRBTEDELIITEZILETHH S, INHRFOEHEELICBESED
METHD, 61T, HOMEELTE, EBY Ao "/HEOREME, FBE
MU ETO—BE U EERINEEOREN D 5. ZOREOMROTGREL
THEES A6 HFE L TREAZACRDEMNH 0, Z OB ETFERIE
DEMEESEOHNERDODEEZEZ SN, LETHE T DD DONHERDER



TN S RIREEYNGE WD HEANDEHR O TFHRINDS, Ll FPE T
HEWEFITHISEL 5 2R X — O RMROERNZREL. BFEORY Y
—BEREUEHEEDDNVEZOIAF—F = PO TORY ¥ —DE
%m@émm%%%m<%éwm%mmm>m@aam%ﬁw‘ﬁu?—@ﬁ
FREFFE 21T 2 & & LT,

BHD 1Y 27 F— MIEWRKISEICE D Stk 4 RHEEORKE 2R LES
B2 DT ) X —R (RU Y —0OfRk7) Thd, A1V 7T —
NEBRRS ETHERRII—ERUILY Y (RUDLT OV U EEGD
IHHR) ThHD., IIHEBIBIAFEDS T TOHIEDFE LB X OFEAN
ZLEALERIY—TbHD., £z, RU T LI IIMEED D Wi
72 EDMAMEICIRANSH 0., BV T F— N ellks 208, U
& REE LTRSS é%?mlfﬁu ) — DS bR BRI A D —
DOFETH A D, TI T, FMX TR, RUT LY > OEHEEIED KT &t
AMEDEFREICERL, BEEERIILY D OHRERBIOEE D 1Y >
7 F— hOSBERRISEICE DV EEERER Y A I FLI A MY —DOHBEE K
ZEMICHR 2TV, B NIZERIIDONTHRNS,

1.2 BV ST F— N EHRES ET B RY T —
1.2.1 %

B VUL T F— D EBRRS ETBERRY T —ERY T LY S TH S,
RUY LY UIEEIA YT F— hBRUTOHERTHEEY AV VT F
— hEKEEBZWET I B EEET HIEEKRLA Y E DEARICE
nEsENZ, BESAVITF—ELTE, PT722IVRAT P42 TF
— FMDDBELRRY L P4V LT F—RIDD AEELTHAING, H#
FTO 1997 FEDEFERIT MDI TR 200 5+, TDI T 120 A > &ia-



TWa, £k, BEH D NITEERRE TRERENER I NS O AR
HLUT, AFYFAFLI DAY T F—bELBFAYFO P4V T F—h
IREDEHBEELIBRAD AV T F— R EINS, BEEKRLEYD
MERIE, A@AEIC UMW ERETE NS, #lZE, "EEEN0.1 g/cm?LLF
TREZEY, WOY3T L 7 x—AllidRUAFTOEL 7Y a—
V (PPG) ZEMHKELKE PPG ZRARUA—IVAMERA I N, SEENER I,
BSBEN 1 g/cm® 2MADZTIAMY—ITIE, RUFFIFRIAFL
TJVA=NHDENERIY —RF— R IF =)V ENEREINS., DX,
RYTLE kLR — R U, BA<HRERFTTESRUI—TH %,
FERYDLEY OMOFEEELE L TREMT EOSEEENH D, ETTEES A
TN, BMELIED B W EIR R IMRIRELES 1 T B D WIEIK TR
NG BEBEMLESY 17, DEATE/ I—056RUT—%2182 2 ENHES
FOGETHRE (RIM) 17, SSRITLRBEFM—-DISTIVIATIIES
ETIRASEALINTNS, ZOXIBRBMT EOLHEEREIY—T v b2
— ANDRKBIIEZEFRET D HDT, RUT LY ORHBRIERICKESFHF
5925LIA5ELE>TND, INSORFEIFFHD MY 7 F— bOEWRIE
EHEICE D HDTHA D,

BEAV T F—NERRRS ETHMOR)—E LT, 1V 7T
— MR —{LLTH/ENZRIAIY I TIXL—h, AV TF—h&sA
R—bLLEDE, BUREHZICEDBESNDZRYDIINARIA I B, VR
BHDWITIVR B ERIELTHESNDZRUT I R 2 RNH 5,

k. RUDLECOREHDNVIRUAV T XL — s, oRY <
—DHRNEERT DL, AWMV TF— b EHRRAET IR0
BRIZAHD 1 V2T F— Db OB RIFEEICAE < fkfF LT3 2 & i
K<SHEFETE S,



1.2.2 HtE. ABBIORE

KU L& 2D 1993 EN S 1997 LELTD 5 ERMICBIT B FHRERIT 6%
BEEOTHD, HRTD 1997 FOEERIZ TI8 H 2 ThHhD, TORMEI
AR DROWEAN S, BE. KE, KM, B b, A5 #R.
jA‘7%77»Fmiéifwiﬁiﬁéﬁgbﬁ5%%ﬁﬁiﬂf£b‘
TORBRIINSEDRAEMIIEDLLD D ERD, £z, WEMOEKEEL.
MEME DM L b B WK &M D B LR ERARFEMITITR S /xR Z
ETE20bRIV UL D OREBFETH D, LFE,. HEEVDFITHOETNY
800, WiBMEA, IEERID D WEKRO O —FT 4 MRS F
WALTIVTE ROFKEDBWEEH, NTEE, #MESETE0RHTTHAS D,
1980 ik 0. RU DU LF idiltett st & U TEAICBFEZE N2 S 41,
RUT LY ALTOIEE LT in situ OEMARBROER NN, BHMET
D IfFe B L OEHE AR O Mt O BRENRR I N TN, GlREAYU v —IZk
% in situ O ANLIEZR O FRITBETFIRIEO N OERIT & BIRNWKERIRHE
ZRZTHBY, 70— HENOFEBEEER T D &, 3k, KU DL 20 in situ
DATIHBEELTHASINS ZEFRNEEZSND, 1992 £, KET—HB
BN SN TWBRABR Y D LY I, EROEHTEEMEI 2B 28 EE
HESIHBEN R N, £, ARSIV TIF—RERIELD B
HDTHIUIEARILENTHRI I LY VICEATDHIENTESLHREE
D UTZHHOBEEER Y v —OMADFEAIITON., SETRZRTHED S
WITIERE MR ENEFEINT NS, ZOXII1IZ. RUD LT ek
NHHEFD TWASHERRITHT 27 RE 2 TIN5 2 &N TE, HRAIHEZERT
B ENAIRERARY Y —TH 3. |

BHDA VST F— N EBBRRS L THMORYT—E LT, KUAVTT
XL—=b RUANKRPAIRBEORITY I RA I REBENHD, ZNH5D



AR TN b RIS B VIS ER S N5, BUAVLT AL — b
BURAEUANEDA 3 BRI & LTT AR MUBE 134 5 A Mk
BB R S N TV B, KU T S KA S R & L TR
NTWD. WEND, BEDA Y LT F— b BRI R LR ) <
B, BRI LT F— OB RISE AR ) Y —RE DN — 2 & s
2 TW5D,

A1) ST F— h EHRRS EF B T — DA — X T H B
B b & ORI REL ~ ORI 75 RS AR I = & BT S Mz L, ©
DR TR, HS1 Y ST F— hOBRSIE B & LTENT 2 £ %
R—2ic, BREMRD S LS S OTBERE BIEETS 2 N7 — 2857
BOFLNERIEDIED. & 5 E0 MK BT kOB ALz B &
L. ZOHEE R E B S L,



2% 10"Pa A—F —DEWHEERZET LR ¥ —OERREFGIED

HEST
2.1 S
KRILDEEZETNL, 1880 41T Rontogen WXV RAHEINTWS 1, &
~EBZREIT 1901 12 Ashton WHER L THD 2, TJLAICETHZEEHHWNIE

FEEHRKIELI LB AN TNVWS, LML, TJLDEBEBEEHD D WIEEZE
CBIL T, ERESEANZIN. TOERENEEIND LS50,
1969 AEICIAICE D, EHMBLLAERY 7 vk E= ) FoIcE L WEEL)
EREVWHENTHASTHS % 7007 L > TLAOBEEEKE 6.56X 1077
(m2/v?) T, ZOMERA—R> TSy 2RETHE2HRELBRDIEN
DB TNBM 4 —RICTLIRFEBERET I v 7 2HDWERY 7 vibE
SUFLOES REBEMEEIZRED, BMTEAIND ZER<ETIIY
7 AL DEREFELTOHANSNTERS,

RU T bEUF U OEBERIILIT I v/ AL0 LIFAE <, TOIGH
R E XN B, EERAEAERMUMMERE 107 Pa DA —F—£TF
Fazeikcky, EEERERESTHPEMTHONDLDITRD 67, kR
DENT A DNTHEEAINDE LS o/ ¥, RUYLYPITTAR
Y= (PUE) 577 F2I—80%M BEK B LOEBIE & LTEE<
DR SN TERN 12 BEEKIIRAMA 107 (m?/v) . R/MEKE
108 (m?/v?) DA —F—IZEEFEoTND, TI T, FAETIE, BEHIDEIC
RONDEETROEOVNTERT S EEBIC, METEEOBT MES
HERE LTz,

2.2 EE



2.2.1 3

R @B-AFINRIFAFL 7 IRX—K) (PMPA) & (#8) 75 L8
LR A=) P-3010 (OH i 37.2) ZHiKMOEEH Wz, 1,4-TH >
F—)V (1,4-BD) BLUOMY AFo— )by 7a/)X> (IMP) 3+ o157 AY
(BR) BRARSEZEHA L, FIEOEIILTRSEEERLZDE, ELFa
=3 TA3ATHALEZOER Wz, 44~ T2V AT DA 2T F—
N (MDD WEFA5A457A7 (BR) BEHRGEERZE L THWE.
222 RYYLFIIXR<— (PUE) OERL

TURUY—EICID 2BEETERL ., #LREIILZE PMPA/1,4-
BD/TMP/MDI = 5.0/0.97/2.60/10.0 & L. £9&#IC. PMPA (82.5 g,
0.0547 EJ)L) & MDI (13.7 g, 0.109 E)L) &% 80 CT 3 Wt & Bz,
REIWZ, 80 CTRWENIEL ., KN EZwE 7 VI ATHIEIZREL., 5
MUDTMP & 1,4-BD (BJ)VEL =1:4) &S L 7=ii{k#l (2.45 g, 0.0547
B) ZREE L. BEVZEZBERERGL, BEREBZHESLEE, 351K
15 MRS E Bz, 140 CITFEL 7= 200 mm x 200 mm x 2 mm OE—)V
RIZRISRZEA L, e — Madkl Gk — Milkl4: PMPAL140) Z1ERL
UZz. TAEIRERIIE 140 'CT 4 R & Uiz, BiZgg, 25+3 CIZT 7 HEAE®D
AT o T,
2.2.3 BEEK

BEIIYEICH L TEENRESEEZSNTED 1 BEEKIIT VIV
TERINDD, AL Tl Newman & 5 Wik Zhang 5 OWFSE & FFRICER O
FHEDHZH DN K (1) TRINLAHRBEEEERETELL,

S=ME? --- (1)
S: #H E: BEWME (V/m) M: BEEK (m?/V?



2.2.4 TEWEITH B NER ORI
G. L. COLLINS CORP. #L#H0DZEH) b T > A/ D Transducer assembly
SS—203 DC 24V Z{HERAL. M/NEMLZRELZ . —XR3AIVITMA 33
Eid 24V T, BEIT 1 mV = 0.117 ym ThH o7z, ATHIOEmITIT LS
Ry EFERAL. SREERERE SELT 5, MEAOHMEEICIZER
ZHEAL. BREE/LERICA Ty 7 A (%) 8o HIGH VOLTAGE DC
SUPPLY V—710 ZfMH L7z, HBOMEIZEKRT 2B MO TEIL 15 mm x
15mm & U7, FEREE 2542 C &Lk,

2.3 MERBIUVER

EHS EFEBRDAE 2. TIROERBIOBMBRSFIEE T IV 20 LEREIE

(T, #BHEETD) KE0BLNE—EELHRET TOEEETZ Fig. 1
R HEEREE TS AMOBEM EICEELITo - (Fig. 2). Fig. 31C<
A F AWK 0 EBIREIC 400 Pa DG/ &N TRIE 21T o Ik RExd (AT,
RE-EEEET D). £z, Fig. 4 ITWEEA 1 mm OTIVIREST )T
DL — M REEFICTHAETICES L TEMEBRIE, JAlEeefroliERie
RY BAF, TIVIHEEEIELET D). HXOHEICDNVT, K (1) 2N,
BEEKEEBL. TO/KRE%E Table 1 IRLz, BEETOBEEE KT 10™

(m?/V?) OF—F—T., FH 5OEZHRLZ. ik PMPA140 OE#EH
HRITEH 5OWMEME (BEH 12 : Table 2 @ Sample No.6 BKLU 11)
MK AESH > T1MPa &725 DT 2,400 Pa OEHESTI TIEEHA 2000 pm
OB OIHEEAL 0.8 pm £722, BEELKE EHEEOEBEEEKZL
D E, BEAT—HOZE (W 20 um) b B, 400 Pa DOEHERI DR
1 um BETHD I ENE, BEBIIEBNEE SN THRNDITET 2l
ThBNWIFEREDREZELDERZRNAL TS I ENHLN LD T,
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Er. 7OV BRI EE TOREEREL . BHFROLOEL LR
TEB, LinL, COMETHRENTMBENS T EM5 < BIEEE LB,
E IS~ O EERG OB BEE 2 W REE I LB IME #1752 LIc kD,
HOMICENESE TS Z S ARETSH 5, BHEOTLEE (1 : &
X —a. 0f = b, Ea (ERHED) - O OMEEARES N ERERE R
M BERET T RN B L, a | RESRREET. b T t 12
EREANRAEL . FRIFELEZEFVTER () L5 2

Y=3/4[Y, 1+F? J--- (2)

Y, : MR X N0 RN O EEE R
Y, : Bl EMER IR

F :BR772%— b/2t

t  EAERBIOES (EMETH)

b : EAKREIOER

X (2) T, FWETHERLZHBOBIR2S b = 156 mm. XUt = 2 mm
ETRD, Y Y, D 20 fELind, ZORMEICKVER LTIV IREBEDE
EERIFESE - EREOEEIFE-HL. ZOMAEZMENICHATLII L
LD, KVEHEOBIL2BEEREZFLILEMREEL.

2.4 &

AR TEBEONEHEERF Lz, BEEREEBDHEERILT D20
ISRV 72 ERICIR MR OMENIRD 5 N D REZ PR L. N DRE DR
DEEBBOBRMARITRSBNI ENHLNER T, COWMEEHESED
FiEE LT, APREICSREOLETEMEFRL,. 400 Pa TEZIE5

15



FHiEET NI DU LREREHCEE S B TEREZBRT 5771k & 2HFIHf
ATsZEzRNWELE.
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38 VI AY VAT F— 1 (MDD ERERS ET LR T
—FINHRRIDT LY LTI A MY —DEERED)

3.1 #&

AU T LY > OBEITHET HUFEIEKRE T, Newman ' (5 v 71—K).
Zhang %7 (R )V 7 Z 7 MILKR) B LU Klingenberg " (U 4 Aa > >
R)DTIN—TIZE>THONTBO, £k, HATIEEHR " BEBINRDD T )IV—
FIEoTITFON TS, AETIE, INETRELEEDTIN—TTHIT>T
WRWRU D LY 2D 7 oG, <Ly e AT LZJ:W#!’%
RENDBN—RRAAS > OREEBEEDOBBEIZOVNTORFZITo 2. N
RRAAL D OBEOHIENTY 7 b A2 ML THADORY T—F7)V7 ) 3
—)VEMERAL, RUDULY > OMAERBEEZZLIEL I EITKDITo7
E7m. BUT—FINRE LIDEY LY A DA LR VDRIV
RNV TIATINZDEDITMDO AN RN EEE RS ER<BHITESTZ
DTHD,

3.2 FEh
3.2.1 A3

RUFFIFRIAFLZY =) (PTOWET 2R 4kl 55 % >-2000
(OH flli 55.1) %, RUAF> 7oL >F ) a—)b (PPG) F=HbE ()
il DIOL-2000 (OH i 56.5) %, KU F-1,2-TFL > 5V a—) (PBG)
IR HAEA F T B WA 7Oy s A BG-2000 (OH fli 58.7) %
BETRTIET 2 Z Sk DK UHWE,
3.2.2 RUULH>LIALY— (PUE) DA

TLRY T —EICED 2B TAKR L. PIG (193.8g,0.19 EJI) & MDI

17



(47.64g,0.38 BJL) &% 80 CT 2 MRS B/zD 5. NCO%% JISK 7301
WCTHIEL., EHEMEICH L T 3%LANDEE 2> TS E2HERL., 25121
RS S B, RIGKTH, 80 CTHREREL. Kt EHEET VI
ATHERHEL, H5MUD TMP & 1,4-BD (Bbit=1:4) ESHEL
7-1E{#Fl (8.565 g, 0.19 BJV) ZREE LK. BREMEBERENEL. BER

BEZ{E-o-EE, 5T 15 ARSIz, 100 BELU 180 CTITTFEL/Z 200
mm x 200 mm x 2 mm DE—)V RIS EEAL, E—D0v D&~ DR
EET O — MEB 2 ER L 7z, BE(LIERTIE 100 CT 24 B, 180 CT 1
Bl & U7z, BiZsg, 2543 CIKT 7 BULOBRZET o7z, £, B, &
BRPLOKSRBER > — NiEHE 25£3 CIZTTF ¥ r—4F —HIRE L
7=, PPG BLU PBG 725 ® PUE OFRIE PTG &R UEIVELT LR EFHRD
FETH> /2. 12120, TR —OISREIZWTND 80 TT 6 KT
577, Table 2 IZEREIERE (No.). AWERY A —)LObZE#EE S L LS
HZERT,

3.2.3 FHERAE

BT - ba—Lw b Nufi—R () 8 HP4284A JL-2¥a > LCR A
—% 20 Hz—1 MHz Z#MA L7, MEOEAL 2.05+0.05 mm T, EHE
#1238 mm . BIEEBEEEZ 1 KHz 25 1 MHz &L, 25%2 CITTH
E LT,

3.2.4 IKITBRHE

FEETIE (k) 8 MKA—210/ADP—-351 2R L7z, EO&EI 1.5
g THMEYEE 160 CIZT 30 0D/ -z & o7z,

3.2.5 FEEMERIE

) FVUILF v/ BONATOICT, FREEE 2.5 C/min, Bl
10Hz &L, -110 CTHS 250 C DRBEMPHTHEL 7z,
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3.2.6 DSC #llzE

B EM (%) B Thermo Plus DCS 8230 12T, Fifl#EZ 20 C/min,
AEIOEZK 10 mg &L, 7V UFEHEKT-110 TH S 250 C DG #ipH
THIE LTz,
3.2.7 FT—IR HiE

A0t (B # FT/IR—5300 Z6EMA L. 25 CTIZT ATR #HEIZK D HIE
L7z,
3.2.8 BIRABRB LUV >V RHE

() FUVL>TFv 8 520> RTC—1225A ZFHA L=, BIIE#E
L 100 mm/min &U. ZTOMMDSEAHIFIIS K 6301 1Lz, V> &t
B8 1.05 05 1.25 QMBI A-EH MR 5 B L 7o

3.3 WRBLUER
RYIL—F)V%R PUE O RAA VRO BEHEGH O ZE

PUE il Bl D EAMIRZ Table 3 ITIS1-EHH#RE Fig. 5 IR, PTG B
KU PPG ZfiWWe PUE 14 180 CTHLIE S EBHICALZENS, &EiR
BETIIMHREEMEESNTNS EEZEND, £/2. FERIT Table 3 17
TR, BLIREB IOEKREOREE ST,

1.25 MV/m O—EERERZHKE - [EEET 120 BithcEml iz & &
DEELEY % Figs. 6. 7 BLW 8 ITRT, &/ EHIN-BEEKZ
Table 4 IZ/RY. TIVIHEFETIRBRINDSESAS 0.1 um BT &b
ENDORIME ET2D /-0, BEEROELIIITDAEN 27z, RUT—F)RY
A=)V OHAICERR <, BLIRENE VAN, EEEKIIAE DTN
O LT Tz, BHEIIIANDIGEIL, Figs. 6. 7 BELU8IZRT LD IC, PTG
WH<, PPG BLUW PBG IHiE<. 120 B THEAI—E TR,
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BB (D) (R YAV BROEH (S) 2K 3) BIY @)
WCRDEHLZ,

T= ¢ KE?/2 ---(3)
e, BEOHEEXR K : dPOFEEX E  BHRE (V/m)

S=T/Y,=(& K/2 Y)E? ---(4)
Y, : iBloEME#EER K o B OFER

ZZ T, BB BRI Table 3 ODHEKME 6.6 ZH W, iz, EMEHERITR
HNI BEDHBHELT Table 3 DV ROB/ME 1.7 MPa #Z D EEH

HEISNERT2BEERANDFESZRDD &, 1.73X1077 (m?/v?)
E7RD, BEEED 107 OA—F —UTOHEIEHEIN N O EEERT
BIERTERNI EMHSNERS 2. PTG180 BXU PPG180 &[N/
PBG180 H& U100 CTHEAL LIz EIMHY § 561 Tdh 5.,

FRE NOELIRE O EEMRETT 272012, FHEOREREOMITE X
O DSC WX BENEIToMI. £z, ULY HEEDHIVIRZIVEED K FEE
BOREZIBETIZDIC. KEHEL TWRWHIVRZIVEDORIGRE (K
NE—27:1730 cm™) EKFBHEE L TWDHIIVEZIIVEOIIGEE (RIXE—
27:1705 cm™) & DL EfF o /2. Figs. 9. 10 BL U 11 12 PTG X—A D PUE
OREFEMEB I N DSC OfERERT . HEEOHRIITEREDET RO
B PTG180 & PTG100 & O TIIBARMRMERIZRAZT SN0, IFE
SEIEERIT PTG180 29 ZUE< > THD. T Fig. 5 R L7z 1-2
HHROMER E—FHTEHHDTH S, LinL DSC OFER, PTG180 & PTG100
EDRITIE, BIMERENN— R Y A > hORS§ 2IREFRTRD 517z,
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PTG180

PBG100

endothermic

-37.7 1441
PBG180
IllI4LI1|I'l|ll'llllllll|||l?ll'
1721
T PPG180
-34.6
PPG100
182.5
P AR TSR N VAN S U S U YT O ST AN VAN U ST S N TN SO W T Y SN S W S|
-100 -50 0 S0 100 150 200

Temperature /°C

Fig. 11. DSC curves for PTG, PBG, and PPG polyurethane elastomers.
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972bB, PTG100 1IZ1d. Hepburn O# B THLEMIINTNSE LI I,
1,4-BD/MDI DN—= R BT A Y bR T EN—REAAL 2D X BETIEEZD
BRFFEDRERITITERWD) XTI UXSY VITERTSE—I 0 184.3 C
CHFEETDIENS, HIBREORFEIIRDS5NS, LML, PTGI80 Tl
N=FRAA VTERT 2 =7 3RO 5 Neh, ZO#RIE Fig. 12 1R
IR DREERE—K L. PTG180 TIIKHEMEA LIZTINE—7 DMEIFH<
SDTRUHHEEMEEL TWD Z EAHBAL /2, £72 ZD#ERIT 1,4-BD/MDI
% PUE T, ULy OERBILIRED LANHEGZRERET DI END
Macosko DfER * EH—FH L TWD, F/=. 1,4-BD/MDI DN—K K XA >
DELRDEIRMN SKBMMAD T ME, N—RRAA COREHOBEL (1
=T A AHDER), TIROEHRFEOETEZRML TWD ENSHE
bbb, o T, HE PTG180 1T PTG100 &L#Ed 2 &, PTG180 DA A
BEDEHS, N—REAL DA —T A ZAHMNEARL TSI ENHS
mETnol, |

p={UJ1%

PPG R—ZXB XU PBG R—AD PUE b PTG N—A®D PUE & FHEDFik
THEMT L7z, PPG X—Z® PUE I3 Figs. 11 BEW 12 12579 & 512 DSC B
LU IR ORI PTG LEERBETH o7, UL, Fig. 10 1R TE D Ik
BPEDHERMN S b I LRFHEERIEX PPG180 TIdM <7D, tand bAEL 15
ENWSHIEADHEMZRL7Z, PBG X—ZAD PUE IZBWNWTH PBG180 O I A
RFEEEIIIE < 72> TS (Fig. 9. E7/2. PBG180 ®/\— Ktz X > bAlfE
E—213144.1 CHRHEERD, N—RET AL NDBRT S R A1 A3
DIENWZ ENHSMNETR -7 (Fig. 11),

N Z—=FIVRUF—)NVn56E 515 PUE OBFEXEININ—RKEI A b
RAL DA 2F =T A AHBERTSD N— 2T A2 NOBFENEL
72%,) ZEWXKRVORELBRDZEMHBAL Iz, ZHUIN—RET AL N &iE
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RETBTLY AEBORBETE—A L "NBEHRICKELFELTNELE
Z56N5, KEE 1998 EHEDEN TERTHREL LR E F o <R UK
i, Balizer 3L Klingenberg & AVHIEENHED EBEHEFHNRESZDZ
LT AU YL TRELTB0 2 AMEOBRE—EHT 2.
ERENAOKEIE. tan0 O (25 TT® tan o : PTIGI80 = 0.07,
PPG180 =0.14 BLUPBG180 =0.17) AW/NEIWFERELES,
¥, CTNETHESINTVNETLABLEILI VIFTA Y —IZDNTOE
TEK (BE 25 C) LAlEAEEE Table 5 WEEDRE (BEEHELT
MEINTHARNESIE 2 EORX (1) KHEDWTEHLRE), ZOHERNS
b, AHENEEEEZRUETIHEELTHELTNWSZEAHSNTH S,

2 BTHIILEBEORESAECLD, RUZ—FIHRRIILYIIR
FY— OB LERBEEZEADZEICED, LY BT AL MR DR
NBEN—RRAS > OHEZEHIHL, RAS UBEEEEEE EOREZHS
MM U7z, BEEHIN-REITADNRAS DA 25 =T oA AHBER
Ue RAASCOBFEUEN < RDIECEDRELRDIENPS N LR DT,
BESETZWRIEIFHEEL TN RET AL D RAAL 28T T ENIE
HIZAZTH S,
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FTAE MDI HEWEINYAFIAFYRAFL 21 7 F— b Z2HERRRSD
ETHEEEBEBEMERVIATINERY T LY I ITA MY —DHRER

4.1 ¥E |

EEEDDLNWIEBEEMREZE T 2D THMEOERENEE ENS L DI1TR
D7z DL, EHPE LR Tk EZU FUICELWEBDEMNTE 21T
KO RHEENZ 1969 FLETH S, HFE, ATERZRMLRY 7ubEZY
T DR E 10" Pa DA —F —E T T3 LKL VEBEKERELSTD
W S MThNd LD, BERDENWILHDINVWERUTLY > ITT A
F<— (PUE) W7V FaL—F—DHEM &L T, EizHiLWEBEME S
TELTHEEBENA LD, LML, INETHWESINTERZ PUE O
BEEBIIHRDREWEDN 10 (m?/V?) OF—F—ThD., &b/NIWVE
i3 1078 (m?/V?Y) OF—F—LizoTnb, 2 BT, BEEKOMEMHICA
SNDEIDEERTDLEBIT, HETHDEBEEDSH SREHIEERETL
FefgREm Uiz, £/ 3 BT, RUZ—FINROI LY PILIART—IT
BUIDRAS VIR EBEET EOEZHSMNCL, BEMRIEIY LY &
A2 b (PUE TEH—BEIZIIN—RET A2 ~EFEITNS) THEINDS
RAA (HS-RAA ) OFFENLLZS, 720D HS-RAA DA
=Tz A AEMNERT DI LK REL BB I LML, K
BT, COBEYREEARSEDIFELELT HS- R A > OERKFILIIE
HWICANTHEENIHREZRYZATINROI LY T A MY —ITRERML.,
HS-RAA Z2HRTZIVLE 2T A NTHBREOH Z2RY ZTAFIVRR
WUV COERET O ERERET D,

4.2 ZER
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4.2.1

2,24~ BEW 24,4- NI AFIANFHAFL P4V T F— hDOEEIN
BEY (TMHDD ko)l AV vy /8> () 8 XZX%F— TMDI (NCO%
40.0) ZHREDEFTHNW,
4.2.2 KUYV >ITIART— (PUE) OEHR

TURYI—KICE D 2B TAR L. PMPA (514.6 g, 0.171 BV &
MDI (85.4 g, 0.341 ®)V) EZ&FHETINILHAFREKT 60 TIZT 6 K
IS8, 7R — (Pre-M) 2157z, £/ PMPA (526.6 g, 0.175 EJL) &
TMHDI (73.4 g, 0.349 E)V) & #EE T )V T2 H AFEKT 140 CI2T4 B
MEESE, LR — (Pre-N) zB7/z, FLRUT—0D NCO%IL JISK
7301 I L7MNWEIEL. Pre-M = 2.2% BX D Pre-N = 2.1%DEZEE 7=,
Pre-M (79.8 g, 0.042 NCO ¥&#) # 110 C I THEREL, F®H 70 C
\CTHEREL 7= TMP (1.87 g, 0.042 OH 4 &%) ZEAL. HE 110 C KT
BERELZDE, 140 CIZTFEMEL /2 200 mm x 200 mm x 2 mm D
TV RITEGWREEAL, Bl — bilkt (M-1) Z{ERL 7z, BRI
140 CT4 M & L7z, R Pre-M (80.0 g, 0.042 NCO ¥ &%) & TMP
(2.50 g, 0.056 OH ¥ &) &LZ/IHIHE, @b — bk (M-12), BX
N Pre-M(80.4 g, 0.042 NCO %4 &%) & TMP (2.84 g, 0.063 OH M &¥D
& RIS S B — Mk (M-2) 2187z, £72. Pre-N (80.0 g, 0.040 NCO
WEH) % 130 C WK TREMEL, TMP (1.79 g, 0.040 OH ¥&#) %ZiE
&L, HE 130 C K THERELEZOSL, 150 CIXTFHARAELZE—IVER
CIREBWHREEAL, B — bl (N-1) 2/ER L7z, BRI 150 C T
5 Bl & L7z, & 512, Pre-N (80.3 g, 0.040 NCO ¥ &%) & TMP ( 2.39g,
0.053 OH M\ & % KiSa &, b — Mtk (N-12). KU Pre-N (80.4
g, 0.040 NCO ¥&E#) & TMP (2.70 g, 0.060 OH M EH) &GS H,
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fbor— el (N-2) 287z, &2 — MtBhd 25+£3 CITT 7 HELLDFARR
ZiTolz. BE. FBERBIVKSRAEH D — MlEHIBE, 25623 CIZ
TTF I —9—NTHEE L. Table 6 IZitkE O— RES B L OHRME 2R
L7z
4.2.3 REEIERIE

BR) AV T I78ONATOIZT, HBEHEEE 2.5 C/min. B
¥%Z10Hz &L, -110 TH5 60 C DEEHETHEE L.

4.3 HERBIUBR
431 AV TFHF—IDE

DAV LTF— NOBBERNT B0, IV TF— R DSERIND
DL S LS A M AT B HS- K AL > OERIED L ERREIEE L
AT F—brEERLZ, MDI & 1,4-7F L > F ) a—=)L EDRJETHI
B 230 CERBADEERMED HS-RAS S EHRL B AFHFAFL I
V7 — (HDD 3fE&EMEERD, BlsdY 183 CD HS- R A1 &k
95 2N, HDI OWIBEIC 3 EDOAF)VEZEEA L7/= TMHDI O#RT 5 HS-
RAL 3RS D, TOXD IR THEBEES 1 70 MDI &3
e TIRIEBEE Y 7O TMHDI &Z2kiETs 212k, D4V T F—
NOBEYRAOBEERE LIz,

BENE QD DBEHROFEIL, 7)) I MIEEED L O — [EHET
705, SOESHIEEEBECLD EZHRICE, REBENN L U—X
® TMHDI % PUE O&D#EEZEIL 5 A —LE< O 2#5. HEEHOR
FREERT 52 ENRETH 572720, BEMROFIELT VI HRiEEE
TS EE L, TV RS CEIEREOEEEZI 525, 0.1 um
T OMNERORE bBEE2S %, COREZEL. FHETIRIEED
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NZVF2iBET D0, ERUEREEEZ 3 B, FA—HERETOHE
E¥% 2 BB L& Uj, Figs. 13 BLU 1412 25 CT 2.5 KV O—FEHHE
BE 120 BEINL 20 MDI %8B L TMHDI % PUE O&EEZRT %2517,
X7, Table 7 BB S NZIHEO T ADOPEFHEZEZRT, FEOTABIN
BBELS & 0 S L 72 OF BN 5 F O, Rl & Bl & o F i
A LC35% o7z, PUE DUTARBEBRED 2 RICHHITS 2 LA
5N THH ™, TMHDI % PUE OBHWHE & OT B EDBHRIC DN TDH
EfGR% Fig. 151ZRY, TMHDI % PUE IZBWTH, DTAHITBEBED 2
RITIBI T2 Z EAHBAL /=, K (1) > THH L ZBEELKE Table 7
ARG NTYFDIRBHZRL THIET 5 &, BB S N U — XD TMHDI
% PUE OBEFEKIIM S U—XD MDI HLD bAEL /25T EAHBL =,
432 DULEZRTALNIEETHKERE (OH) RO

EREELKN 3 @THD TMP 2HEEAE L THERATDZ&I2XD, HS-R
A D OWMRRD E/RBD I VE BT AL NIEET 2EEEE9 25 OH £0
BOZBEBRFTT Uz a8 M1 BLUNLIZTLRY v —0D NCO 4 &% & TMP
D OH HEH LD 1.0 DRETHO. TMP @ 1 E)VHICHEETS 3 HD
OH DT RTHN NCO ERET S, 2T, ULy oI A2 bhiZid OH
HITFEELRN, BB MI2 BEUNIZ2IEZ T LRY v—0 NCO ¥ &8 & TMP
D OH HEREDHA 0.75 DFRBITH D, TMP @ 1 BIVRIZEET S 3 ED
OH £0>%, ¥15 0.75 O OH ENULF o/ AL MhICHEET S, &
51T, B M2 BEU N2 1IZT7 LAY Y —D NCO HEH & TMP O OH %4&
BEDHN0.67 DFREITHD . TMP ® 1 BIVFIZHEET S 3HD OH HD >
BOEH 1.0 @RI LY T A2 MRIZHEET %, Table 7 BL U Fig. 16
i< OH B OB BERM LIHRETT, Fig. 16 £0 PUE DY LY St A
> MHRICHEET S OH £ KT HICL720, PUE DBEEHDREL
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2B EAHBL .
4.3.3 HBELIOHFSE

HEILS (D BXREOTH ) BI3ETERZLERX B) BXUK @)
WEVEHTES, /o T, BELACEZV0TH ifﬁ'iaé'ﬁ)ﬁd) 2 FBLUVHE
BRIZHHIL, EMRBEERICYLLAT S, FBFENTOREELERTIED
BRPBLOV U IEBZAUEL., FERIIZETIKDEROWUERREELEDIC
Table 8 IZ/R Y, EAMEFHIERIL 2 i ROBEREFEMTHSHD T, 1 #ifFE
DY TR 2MEERESD LMK, 2EDOX (1) BEXUIEDORK (4)
Mo, BEEHE e, K/ (2 x 2 xVUUR) EOMBEICEDBHBIRNOF
5RERTHIENMKD, ZOHEEVTHIEE UTHE S N 3E (N1,
N12, N2 BEUM2) KDOWT 7Oy hLKERE Fig. 17 IKRT. HEMEIC
NSV FIEM S 0 ERAERITHER A, MESN-EEERIT e K/ (2 x
2 XV VR OESHATEEEBICKELRDTEND D, TOBRED,
BENRANOHEBLNOFTEIIEETERNES I ENS, Fig. 17 DEZIX
HEINNTOFEILDNWTEHINZEEERKEZRLTHBY., AEINEEETE
B3, KECARBEEDBI, BRNSTIAMCTN, ZOTIIAEL 25,
FROLEIC DN TIISH, WRAREE1E05 ETOREE Lz,
4.3.4 FHRIT AT NOEBIREEOME

Fig. 16 O#sRIZBHEMEDO VTS5 PUE @ HS- KA > DR T
BBEILE BT A NOHBHEIC LY KELEDB I EEREL TN,
ZTIT, BTAYMURBED T A > NOEEENDOREEERIITIEET
B IeOITHEHME DIREREFEEORIE 21TV, FOHR%E Figs. 18 BLUN 19 1L
Y. BFPEHMMER ERL U tand D 0 CUTOEKIBHANIBITZIRERLLDT—
&inE PMPA Ot A b OEMICEET 5 5 AEBiEEE MDI % PUE
T -28 C (Fig. 18) BLUTMHDI £ T -42 C (Fig. 19) &7357=. TMHDI
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% PUE T® PMPA O /i 7 Zn#4 R EE A MDI 5% PUE & DK< 725 Dld PMPA
& MDI %W HDI &0 55507 PUE O ZNETOREREE—FKTS %,
HDI % PUE KL T 5N TNDE LI %, MDI % PUE OU LS o5
A b®D PMPA EDIRIEWI 7 OMIREEB L UVFFROMEMEICKY MDI %
PUE @ PMPA M} 5 AEREEE TMHDI % PUE L0 &< RD, /20
IR EBIIA <725 EHEREIND,

D&, PUE OULF BT AL bOEBEBREERT S, Figs. 18 B&
W19 ICRLT tan § D 0 CTULEDBELLOT —F 55 M2 T 15CHIES
FUON2 T 0 CHELODT LI 2T AL MIERTZEEMBE> TS
ZENDB, ThRHE, M2 BEUN2 T, WLy vF A M OH &2
BASNZIETED . OVI BT A NO—ERITBEEMEIRED 25 CT,
TARIGEVIREEIC/R > TS EEZ 5N S,

LIk, Fig. 16 OfEREZREHMNTERTHE, —DITIE PMPA £Z A2 b
EHEERADOHENWI LY 2T A baER L, MIEEORWIBES 1Y >
TIF—bEERATEIE BOI—DIXR I LI T A MEIEEEE LB
EEBAL, TOEBESHBREZEENERELUTICTZZEICLD, &
DREBBEEYREZIED PUE 2185 ZENTARETH B ZENHASNEL D T2,
4.3.5 FlaRKE

AL THA L 2B OB RS 25X, IR TOIIX MY —& L TOHE
REFHEZIBE L 72, Fig. 20 1IRT LD, NCO HUEHHE TMP @ OH HEHK
EDHMNELTRBITHY, BRBEENRDT 27205 EHERIIMET L, f#
CINKELRDIEND D, UEL 0.67 ® N2 [ZHERFD 1300%LL LD
X, 3.5 MPa LA EDOREBIRFRE Z S, 1300%DHINTHRENRES IR ST
JFHENRD, TOAX—E L TOEARWNRMEEZAL TV,

50



"s3Nd PeSeq |QHWL PuB S3Nd Peseq |QW 10} S8AIND ulels - ssels 02 “Bid

% [ Ulens
00} 4 00ct 000} 008 009 00vy 00¢ 0
I [ 0
¢N
/ ) ]
: @
®
008 (48] W
S'e R
Y v .
[
SN
S
ZIN \
9




4.4 K&

RUIZF)V%R PUE OERERICLVFRINDIMEOTHIADTL Y >
T AL MOMBREEDOHEICET 5ERNRT 2T ok, LY BT A
NEERT DIV 7F =M, MDI & TMHDI &2, ikt 27 -
IR, RUZZATINET AL SO S AEHIBENE VKL< /2% TMHDI %
PUE &, £VDKREVWOTH (BE) NEEINE. 2, ULy wrA
MZOH #£EBAL, LI ETAL NTHESND RA Y (HS-RAA
) DRI LSBT LOBENDHRERF Lz, TOHE, —DDY
L& > A MR 1 B0 OH #% b D#i#i/ TMHDI % PUE &, ™
L& A2 b OEBERBRIEEL 25 CUTEARD, 25 TTIRAEA
EXERLZ, £z, RUTZATIIHR PUE OBEPREZWMASEIFHREL
T, WEEDZNEBBESAYV 7 F— 2R LIATIVET A hET L
H e TA N EDHEERZDESTHERBIC, ULy BT AS M
HELZHEAL, TORBEBHBEENEENEEEUTICTS I ENEFIC
BETHDZ EDHEAL 7=,
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W5E MDMB&UFUV>V4V97T—FGDD%%WWQ&?%%ﬁ%
43I RITIT AT —DHREK

5.1 #E

1970 ERFEICT I REEAZE0 70y 7 2R I —NHHHERO T Z
ARNTIAF v 7 ELTERINTLUUR 2P, 13 FEGEZEORARERD
WM EETEZRI)I—NIA 70T bOZ I AHDWEKKEI—T 4 >
FMORBFIGHLESEHER) Y —E L THEINTER, VI IR
PRELTRYZOFY>Z21IEDET DM I REGZ2BUHEEZETDRY
<— (LLF. Imide-containing Elastic Polymer. IEP &R&9,) IdiitfEsR 7
5 XM ENI= B SHREREER D D WIS A B2 £ EIERITIRIL <
e TER 3, RUFAFITINFLIOY TR ETACZE LIRS ET S
[EP b¥/z. NX—_RANL—2a VAR ©H20WREANAATTUTILH &
LTHigES TS, a512, KU oMEkesmEasE20ic, R
UILZAFI T BT AV RZ2 LR ETDIRUT LY ICRUAI Ry
NEEATDRANRINTND 2%,

RUYIOFY VTR AS MR LRHET S IEP ET ST IR
THKMEDTIVEMSERINDZIRUT IV IEOAI RME ¥ HENEE
OAY Y NBEDIFINIAFIVSTINIOTA REST I ENSEREIN
ZRUTZIVIBIATINDOAI R B ICX0DEREIND, RUFFTIVF
LoV TRET AL RELBRPETS IEP I3V T F—bRimARUT L&
TLRY—ETF M IANVR VB EORBITEDES NS Y, =6
s AV T7F—=RRHERV I LS T LVRUR =D T F—h&Tx/
=TTy 7 LETLRIR—ERYT7IvIEHIVEFVITI VIR
EDRIBITE DRI T LY A I RBEBRINTND ¥, 4,4-UT 22V AY
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VAV YT F—=MMDD)BLIURN) LYY T F— MTDDIFENEN
200 BRU120 5 b > /1997 EMHRTEEINTNS, MDI BXD TDI &
BAxORRCBESFERAINTEYD., EEEOAT—IVAY Y bNSHIET S
D7 XOBAXMICERTH S, £, 2,4-TDI I TITERITEESINT
WBMN, 24-P7 3 MVIVIREEINTWRN, 512, MDI BXU TDI
WAV T7F—hOBWKGEEZER TS L, SRR Y—OHEMELEL
THD TEWBERNEREEZEL TWLEEZ5ND, £IT XETIE, 2
AV T F—baHBHEELUTHERL, WIIVERCBREKEAY ST F—h
EDORISIZE DA I RE/DEEDIMWROFIELIZES BIZ > TLHRIEFIET,
DAV TF— b EBRRAELL I REGEETHIRYI—DEMRITDNT
WREHEfFo 2. 1876 . Grimaux V& 125 CTTYL T EMAT & VEEEDR
SERATND ¥, 130 CTOZDORISDERYNTZIVA IR, KETAB
FOKTH D EMN Wurtz IZEDBISMTESNZ S, V27— b CEK
MEDKIMZED A I RRERIND T ED, ORI Wurtz IZK DB SN
WENTnWD 6, Fiz, BT L 7IZBEL T, 1892 4. Haller 232 &
L7 &7 ZIVERIEKRYMMNS 150 CT N-BE 7 Y IIVEEA I REHBTVWS Y, K
RN RICEE T H|EE L TIX. Dunlap WU L7 ETZIVEREKRM END
150 CORIGEBTIIIVEEL I RE 0% DINET, £z, 2BWT LTI
B L Tl. Manske 2% 225 C. 15 DORERLETI-v-7 =/ F70EN
LT INERIET DA I RE 85X DINETHIFIND S *9, ZOETI, C
DEIBENTFTTORGDOMAEZEBEELLT, KUY L7211V TF—b
EDTIVENSERIE, KELXRVI LT IZEENDY LT H#HE EHIVR
— Ak EDRIE (BRTFIFETIE, —BREICEDFRIED P v 2T
DI HN5,) KEDULTHEEA I REGIERIETHSH LR
BREERE L7z, Scheme 1 KZDEMIN—FZERLZ, &<

Tw
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WEEEFTSE [EP2B5ZE2HMELT, RUT LTIV IR AL RE
OV I JERMAV IV TF—hENSESNLIWHEEEFT S
R —& LTz,

5.2 E
5.2.1 f¥E

0-4-7 I ) RV AI)~0-[4-T 2 IR FFT]-RY GFF 257
NI AFL ) (PTMODA; 7 X >$ mgKOH/g; 90.4, OH # mgKOH/g;
0.2, M,; 1240, M,, / M,; 1.48) {& A N\SHIHNAFA MY — (B) ST
T AX— 1000 &, 80 CITT 15 MFEET THREFT D Z LICL DKL AW
/zo 2,4-TDI IZEERBICLOBER L, 26- UL P4V T7F—F
(2,6-TDI, 7V RUwF (#) ) BLUREOAY v MEEHEKY (PMDA,F 7
TATAT (BR) ) BEOITHHEHTLIEB<HRMOEEMHA L, N-AF
WV-2-EBUR> (NMP,7AHSA TR () ) 3ELF25—TX3AT
BiARL THWz, TOMOREIZESITHEIUT S Ea<HRBOEE/AL
7z,

52.2 HEEHITDHRIILT DERK

HitEH TR UL 7IE PTMODA (H,N-R'-NH, ; Scheme 1) & 1V
T F—hEOMKRERICE VS, PTMODA &V 7 htF A > b &R
UFbIAFL2FFTAE (PTMO: M,; 1000) ZF A2 N&EHT 3,

MDI (4.058 g, 0.03243 NCO *&Jl) & PTMODA (19.74 g, 0.03180 NH, &
V) L&T7IVAVHAFHEK. 46 CTRAELE., BEEHEAE I—F—
EAL, 100 CTIZT 4 BERGEIE, EHK 1 mm O MDIRX—ZARY T L7
= h{1eo) &Rz, — MIERITT 1EMIAR L /2. 2,4-TDI X—2Z (1a) B
KW 2,6-TDI X—Z (1b) AU L 7id 2,4-TDI (3.276 g, 0.03762 NCO E
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JV)& PTMODA (22.86 g, 0.03684 NH, BV EMN S, £/, 2,6-TDI (2.904 g,
0.03335 NCO ®JI) & PTMODA (20.26 g, 0.03264 NH, EJL) &0 5 RIERIC
"Blz. RVULY OEEITHBLEBCNMR ART MNZXK DR Lz,
la: 'H NMR(DMF-d,) ¢ 8.15, 8.79, 9.10, 9.54 (urea) ; '*C
NMR(DMF-d,) 6 17.45(methyl), 26.41, 27.21, 64.98, 70.88 (methylene),
153.14, 153.22 (urea), 166.38 (ester). Anal. Calcd for N content ; N, 3.9.
Found: N, 3.8. n.(dL/g) : 0.93. 1b: 'H NMR(DMF-d,) § 8.19 , 9.45
(urea) ; *C NMR(DMF-d,) 6 12.52 (methyl), 26.41, 27.21, 64.98, 70.88
(methylene), 153.55 (urea), 166.37 (ester). Anal. Calcd for N content ; N,
3.9. Found: N, 3.8. 1..o(dL/g) : 0.83. 1c; 'H NMR(DMF-d,) 6 8.78 , 9.12
ppm (urea) ; "*C NMR(DMF-d,) ¢ 26.39, 27.19, 40.84, 64.97, 70.86
(methylene), 153.21 (urea), 166.36 (ester). Anal. Calcd for N content ; N,
3.8. Found: N, 3.9. m,4(dL/g):1.22.
523 A3 REEE2EGUHMEZ2ET 5K v —(Imide - containing Elastic

Polymer - IEP) D& &

FIRMIC, RUT L7 & PMDA & &AM NMP TGS H, IEP B
&18%, DEIT, /BHIVZ [EP B OBK NMP 2RI EL05, RULE
ZITWIEP 27 4 )V AIRTIE S, 1¢(10.06 g, 0.02715 N R+ €IV 27 )b
IHAFEK. 100 CTHEE NMP (23.48 g) WCELIHEM Lz, DEIT,
PMDA (2.961 g, 0.01358 E&JV) &fnA. 165 CITT 3.7 BRI EE7z,
FISHIZRIMTH T B0 A1, 0.0633N DKEE{L/NU D AR ZTHZ L 3
B S AMGIVE 2l X B, AL KRN 7 ABRIE 1L Tho k.
Jilfl:‘\ffﬁil"ﬁf'ﬁ‘ BB IZKEAL/ND) U ABHREERE L. REE/NY D LD ERRDHE
SNTz. ERUIZILBE DM D RZIITRITINA R T FIIVOREIC K DITo 7,
R Y —BRPICERT 2KERIMCBRET B0, TIVIADAREN=Y

{4

=y
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> 7 U NMP Z2RIMTEH Sz, RISHIT, RIMTEH L= NMP 13 17.54 g
T0.162 g DKEEE L TWz, RYT—BEZ 20% IZHRZHT 572912 NMP
(42.53 g) &MNZ. 1 20wt% D MDI X—A®D IEP &ik(2'c) %187/, AL
T REEHT A DEITFE S TWDKEENY T LAEEREL TRDZ,

2,4~TDI X—Z ® IEP &K (2'a)ldF U AT, 1la (10.28 g, 0.02928 N &
¥ EJ)V) & PMDA (3.193 g, 0.01464 EJVE% 165 C 12T 3.7 BRKIG
SHTHEZ. BHLUZNMPIE30.21 g T0.190 g D/kZEEH LTV, NMP
W la Z2IEF9 272017 24.00 g AL, RIGHFITRIZMAZ 72 NMP 132 T
56.40 g TH o7,

2,6-TDI X—Z D IEP &ik(2'D) bFIFKIZ, 1b (9.220 g, 0.02627N FT &
JV) & PMDA (2.864 g, 0.01314 EJV) &% 165 CTIZT 4.5 BRRKBEET
7. B L7z NMP 13 25.68g T 0.136g DKZEEH L TWi=, NMP i3 1b
ERIET 2012 21.53 g AL, KIGHITRITIZ 72 NMP 132K T 49.05¢
ThHolze FBELIZKDNRIIHEARICH LT, 2'a 2172.9%. 2'b #158.1%.
BEU2'c M 66.9%THolz. —H. FELZREHN A DNRRIIEHRITHL
TWITND 100%ITEVME E 725 7=,

/BoNiz IEP % 150 CIZTFHL, 150 CITR-NAE > a—4 —
CHEA LT, T—%—RT 150 CTloT 1 B NMP #HHES €72, 74 L AD
JEHIMIE 100 - 200 pm & U7z, #6727 )V AR EZERT 200 CTIIT 4 H
- FHRYLE U7z, 2,4-TDI X—2 (2a), 2,6-TDI X—Z (2b), BLU MDI X—
A2c) IEP lZeneiudind s IEP WA (2'a-c)hh b LR Lz Aikic & nE
7.

5.2.4 EBEHW

Yanaco CHN 7+ 51 #— MT-2 2L, BHSHEZHEL .

5.2.5 AN ARY M)V OHEIE
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JASCO FT/IR-5300 ZfEH L. #RIMKINARY MIVORE ZTTo 1z, Kz,
ATRETOREIIIATBLRE ATR-500/M 2 H L7z,
5.2.6 EICHEDRE

UNO—FTF 1 TORREEESZHEA L. 30 CITTRITHEDHE 21T
D, BIEITIENMP ZEA L7, RNUS—IREIL0.5g/dL THo7z.
5.2.7 NMR AXRZ RV DOEIE

IR D NMR A7 N)VEIEIZIE UNITYplus-300 varian NMR A% hO
A—%— (BHKE) BEIO JOEL INM-GSX200 AR hOA—%— (BE{RHE
E¥R) AL,

5.3 HRBLUEE
5.3.1 IEP A (2'a—c)DME

/o N/ IEP IBIROIVEB L OREE % Table 912779, 2'b BLU 2'c 1F=
BTEEY —IKT, 150 CTIRIREMEDBEHR 75072, 2'a DEITHIEL 0.40
dL/g NMP:30 C&7zo/z, ZHUIRU T I v IBHHIVWERIT7IvI/EBELT
AFINDA I RLICEDESND [EP ¥ O@BTMEDOL NIV ERU ERD,
RETHELSNDZRII—ONFREITINETHLSND LNV ERUTHD I EMN
HIBAL 7=,

MU L7 E PMDA & ORI ZHERIT 52012, IEP B’ (2'a-c)D
NMR A7 MVORIEZEITo 1m0 NN-PAFIVRIN LT 2 R-D, (DMF-d,)
ZHEAL. BC BIU'H @ NMR ARZ MV EHIE L, Fig. 21 IIRLZE
I, 2,4-TDIR—AT L7 (la)k 2'a EZ&LEKT S & 2'a @ *C NMR AR
74 MVC&;’( la TEEIND 0153 O LT RFICHKTHE—ZIEHEL
THO, 0168 HEICHNRVEDORFBLO 0166 (IR I RRFICHNEK
THE—INBENTWS, £/-, Fig. 22 1T5RLEZLIIZ, 2'a ® 'HNMR X
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DMF - dy

ester

urea
1a

o

carboxylic
acid

ester and
imide

170 165 160 155 150

Fig. 21. 13C - NMR spectra for the carbonyl region of 1a (upper),
2'a(middle), and 2a(low).
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AR MVTIE, 69.09, 9.25 BEWN 9.69 K7 I RO MM, E51268.45
WKAIMeE/zEo AUy FEOFEZ IO L ORBHIcNS, Z0XD7k
BC BLU'H NMR ARY MVOREHRED, 2'a 131 I REEBXLUT 2
REEEZH DRI —THBZENPMN o7, Schotman 5 PEEAYV 7 F—
NETIVRBEEDRIEERFRT BN TLI-P 72V LT HBNIE1,3-
D onu L7 EREFBRIKY EDORKISERFNLTNWS, TOHT, KIED
PEGEELT N7 NI LT7 OERZRBLTVWS, TOHIRIZEDS ER
VL7 & PMDA EDRIGEDEH 1 EBEIZBNWT, —DOMIIVE U EEHEE—D
DEEKRYEZ DD N-T TV THENERL, S5, B2EET, Z
D N-TINVTVTHENT I REAVITF—NEMBEET 2L TWS,
LL, RUT LY & PMDA EDRISTIEA Y 7 F— MADOFEEIREZ -
TWERWEHELTNWS, TOHHBHELTRAYV I TIF—MEE1EEIZBN
THERUZHIVE VEEEEDRIBIZE DD AR TH D7 WLNE Z > T
BANSTHD, [>T, HE2EBORISTIE N-7 IV L 7&K
BIDOHINVRZIHE N-7 2IEE N TWRW-NHCO-DH VR )V EE N S
RIEIT A (CO,) MAERL., RUT—DEENSHHEET 2 ERFICTY I REES
EA IR EMNERT S EHEEIND, 2B, Kraft 3 HBWE Fry 52 OWf
FEM 5, REET 2 CO,DmBEIV L THBICEENDIRETHDEEAEND,
DX BEERET, 1 FEEET I RBELZR>TZRY v —04%
RY B LD,
5.3.2 IEP (2a-c)DRIE

IEP.2a-c)DEFZREHRDIER%E Table 10 ITRT . NS5 DFERIZA IR
(ERBZIFEERMICEATNS ZEERBEL TS, 2,4-TDI X—X IEP
a)lE NMP IZHIETH D, T I T, 2a DRFEITIE. 5% NMP iFik 2 ER L.
AL T NMR ORIE 217272, £/, 2,6-TDI X—Z (2b) BXLU MDI N
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—A(2c) IEP 1ZEE "CNMR #IEB LU FT-IR (ATR) KXV EELZ,
Fig. 21 1T/RTLDIT, 2a @ °C NMR A7 MLiZiE 2°a @ 6168 {FiED 7
IR VEBORBICHET D E—7IEHEELTNWS, £z, 0166 fHEOITAF
WBXOA I RORFBICHET 2 E— 713D THMILL T3, & 512, Fig.
22 1TRTEDIT, 22 D 'H NMR ZAR7 MUZIE 2°a 7 I R7O bk icl -
RIDE—JIFHEEL TS, LiEO NMR OBIERKEN S, BEICE DA
S MMEBIEATEME L TS T & 2R L=, Fig. 2312 1a LU 2a OLMESR,
WZH72% BC NMR ARY BVERLZ, TOART MIVnG 2a 231 2 RN—
REITAZRE PIMO VI hET AL NEEHD IEP THD I EMDN5,
DEIZ. 2¢ @ CP/MAS HEIZ L B [E{K BC NMR OHIERE R % Fig. 24 1RT
2¢ IT13 6165 121 2 FIEBDRFEDRNE =7 BELU PTMO DAF L > iRk%E
DE—INERMI NS,

P ®IC i3 &1 X RiEE D IR QR MHEIRENT 1780 LN 1720cm™ D C=0
TRHEIRED, 1380cm™ @D C-N H#EREIB L 725cm™ D C=0 ZARE TH 5,
Fig. 25 IZ/RT X DIT. 2¢ ITE NS DEHREINERE N, £/-. T 7
G OREIREITH S 3310cm™ O N-H #ifEiRE). 1640cm™ @ C=0 H#EIRS)
BROTIVARN > B IR DR EIRE) T 5 1820cm™ D C=0 HfEIRENIEE L
Tn3,

ZDED/ENMR BEWIR ARYT MIVDFERIL 2¢ 1 I RN—REF A
FE PIMO V7 hEFT AL NEESHD IEP THDH I EZHMEITRTHDTH
B, ZITH, T—FI3BET I, 2b ICDNTHRIBEDIERZET-,
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Fig. 23. '®C- NMR spectra of 2,4-TDI based polyurea (1a) and IEP (2a) .
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0 3 Q Q Q
N—C-N-@—C-@-N-C-N-@—C(O-CH CH,CH,CH }o-c
H 1 H Ha H'H 4\ s 25 26 25 2n 4
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o == s o)
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1% 9 9 Q

LA 3 v o Q
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91 9‘ Hao 'C‘1 9‘ 4 5 ‘6 ‘6 5 4
(0] (0] O (e}

2 2 2 2 2 6 2
5
1,4 2
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Fig. 24. CP/MAS '3C - NMR spectra of MDI - based polyurea ( 1c)
and IEP ( 2c).
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5.4 &

BERY LT 2R%HT 5, IEP OFHRERICONWTHRF L., #itkEET
LZEDTEORNIILTIEY I ) EREA) IX—EDPMV T FHF—hEnS
BHIZEMTE, NMP ICRETH o7z, NMP L LTHAL, RUTL
7 & PMDA &% 165 CIZT 3-5 Bfl. 7IVI > THANS—V&ITN, FET
Z7K%E NMP EHEICEHIEDODRGEI®S I &ICLD. IEP ® NMP 1Ak
iz TOBERMTOA I MMERIIFRELE CO, BLXUKOENSHET S &
79-86%TH o, £z, ZOEKBETORY T —IZI31 I REEDIEINIT I
REEENSZENTNVWSZEMHBALE, ZOHAEMS, KX N7 I)vo L
TEBHLUTEDSD EHEIND, DEI, IEP OBENS NMP Z#EHES
V72, 200 CITT 4 KHEEILEZ U/ IEP 12137 2 REREIZEENT, 1
I RIEDMERHELTND ZEDRHANEIR DT,

b, RUTLT7ERBELEDAYV T —NEHRRD ET 2 IEP OHBEE
FRICERII L. DAYV 7 F— NIBET 2 A EZ BRI RICEELIES
Z EMHRTE,
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BOE ®MEIIRIIAN—OPECBRET DIV TI— D%

6.1 &5

SETIENZLDIC IEP OIEHNEZRIEL TERT D L. 13 FEg2ER
U —HICBATSHI LT, TOEHMIE, 81T MRIEDm i, 821
THEFIEOR EICdh D 2 ENDN5, TIT, AETIE. #EEZETIRIY
V7IEENDULTHREENNVR VB EDESFRINMIELOT LT
faaZl I REEICERIETHS, BEZETLIRUA I FOFHEEMITEK
D157z IEP OMIEITDOWTRET Lz, YMEND A Y 7 F— b OREERE
T5ELEBIT, FRETHSNS [EP HDNWEEMETHEEZET R —&
LTEROBEEEBLIVCEROH LRI Z—FI-ZZAF)arU v — BFZIL,
TaROEHEGNA N LIVIEE) EHEBRE Lz, B EAHEICmA.
WkS 1 T D IEP ORETHZEAWYME (HEDEMEDS KX OTHERIE) 1T
DWTHRE LTz,

6.2 £

6.2.1 1INFEEEEVHEZEITLIRIT—THS IEP DEHL
EIwMIC. RVTLT7EEDOAY y Mg TEKY (PMDA) & Z B N-A

FI-2-¥ Y R (NMP)H TR S|, IEP O NMP 5k &85, D&EIT. 5

517z IEP O NMP SO NMP 2&E S /205, BUMEFTW IEP 27

4 VLAIRTHE S, 2a 1% 2,4-TDI R—ARYU L7 (la)& PMDA &&RIES

¥ THZ 2,4-TDI R—Z IEP TH D, 2b BXU 2¢c ITNTNRAKICL TH

7z 2,6-TDI X—Z [EP BL U MDI X—XZ [EP Th 5. 2a. 2b LW 2c &

NENOEREBOMILIE ThA~T-,

6.2.2 FERIEHIE (DMA)
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LAARY w7 A RSAII ZEAL. FiR#EEZ 5.0 C/min. Bz 1.0
rad/s &L, =110 C»h5 250 C DIREMHTHE L7z,
6.2.3 RZEEZEHABEREDSC)

BB M (k) 8 Thermo Plus DSC 8230 A L. FHEH#EZ 20 C/min,
REOREZEK 10 mg L. TIITUHFEAKT-110 THS 250 COIREHIEH
THIEL 7z,

6.2.4 JLA X BREELRIE (WAXS)
HEER () 8 RAD-B 2 LNE LT,
6.2.5 BERHNETG)
B SUERT RIE A HTEE DT-30B ZEA L. FREEZ 10 CT/min, et
BZ#20mg & L. ZBRXHTEERMNS 800 COREHIFI TRIZE L /z.
6.2.6 FIRMIMERAIE

(BR) VLT o8l 720> RIC—1225A ZfH L. SIREE
& 50 mm/min. BEREIIEREQS C)&L., TOMDEAFIFIIS K 6301 1
U7,

6.3 MRBIUVEE
6.3.1 NFEMEOBERENEDHT(DMA) B K UIREEREMESHT(DSC)

2a, 2b BXUW 2c IFA T RN—RETAFERY T 1‘5%9:1/\/71‘:"\"&
A4 RPTMO)V 7 hEF AL b EH DRI —TH 2 I EIFRETHS NI
7z. E/=. PTMO OHTFEIZH 1000 TH 5 & Hil~R/z, Sperling 2R
L (PUONCBIL TR TVNE LD, N=RET A REVYT MET AT
REZBHDRYT—ITET A Y MEEIN/HR Y v —(segmented polymer) &#5
%éhéa 2z TR, £ S A MEE A PU KBS % Sperling * OAIRICE
DELEREH#D D, Figs. 26 BXW 2712 2a. 2b BLU 2¢c ® DMA BLY
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DSC D#ER%#7RY . 2,6-TDI N—Z IEP(2b)B L U MDI X— X IEP(2¢) D DMA
BLU DSC DfERIZ, TNZNORY I —IZIE 2 FEOEREBNEET S
ZEERLTEBY, BT AY M PU TROND X D723 7 O HER
BOFEERL TS, 0 CUTTRNSEB(T,)IE PIMO 7 A > bR
FGERT2HDTH D, 200 CULETENZEBT NI I RETAZRD
BMIGERT2HDEEZS5NS, Fig. 26 T tan 0 BB ARERDBENS,

0 CUFT.2b DTS 13-63 CT&20.2¢c D T 13-61 CExd, £72,200 C
PLETHE, 2b DT 13240 CTEAD, 2¢c O T,)ME 245 CL7a b, filf. Fig.
27 DDSC DT —FMNH5D TS 0 CUTIRASNEN—Z 51 > OEFEL
DOHEREL. £, T, 1 200 CUETRSNEZN—X T 1 > DA IEE
HRELZ. TAOWRODAIEET AL MEENZ PU R ETH—RIITHRA S
TWBHETH S, LML, TLICDWTIE Fig. 27 ITRTE DT, 200 CTLL
LTRBE—INASNEZDOTE— IV NEBEZEBIRELTLZHEDDD D5,

LTI, D& > a > THLHNTT S LTINS D IEP 13K
FIZIE T BIV T 7 AR —THBDT, 1 REBIIFELBRNI EZRIRIC
LTERDOAET T 2RE L. DSC 56D 2a. 2b BXU 2¢ O TS 1E%
NTN-52. 61 BXLK-58 CL2D, DMAMSHBESN T, ER—DIEF &
I2o7z, £z, DSCHHD 2a, 2b BLU 2¢ O THEENLNH 200, # 210
BLO 250 CEizo/z. Wegner 5 PIEIN—RKEZ A MELTRYF b
TIAFLFLI7ZL—bF, VT 2T A FELT PTMO1000 M5
N% PIMO 55Wt%DARY T—F ) -ZAF)ARYT—D TS 13-60 CTTH S
EHRELTWS, 2b BXU 2¢c ® PTMO1000 DEH &I 58 BL U 55wt%
Thbd. ftoT. T, DEERMS 2b BLU 2¢ ® PTMO DEEY 74 —id R
) I—FN-TXFN AR T—DZNERAL LAV H S EEZ 5N, Fig.
26 IZRTLDIT, 2,4-TDI X—R IEP (2a)D E’1d 50 CHan o5& L SET
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L. 80 CIZHE 3 DImBNENTND, T5IT, 2a O TSE-55 CTLizo>TH
D. 2b H2WE 2c D TS DELDELE>TWS, Sperling >3 PU I8
WTRHFME & R 72720 2,4-TDI OHBIED/RWIEEN T LS 27 A > h DR
FZEEEL. ZORDIIN=F RA OFREREL THD EHRELTY
%, ZZTOD 2a DFERBER 2,4-TDI OIEMHEICEDEA I RET A b
OEMMNHEEIN, 7 OMBEEMEESN TS ZEERL TS, Fig. 26
D 80 TTOD 2a DEHBITHES LZEHBICH TS A 2 b OEMICERTY
5EEBEZH5NS, LihL, MDI 5 W3 2,6-TDI QLD aMfrtaF 5
AV T7F— b ERRRD ET 5 IEP TIRIFEAEHEGLTOWRENEEZ S
Ns,

6.3.2 Jifs X BREELD T (WAXS)

Fig. 28 17 2a. 2b BX U 2¢c D X D WAXS DF—4F #7579, WIND IEP
SRS NEREDOE = 2o TWRaWI EN5, 2a. 2b BXY 2¢ &
WTNHTEIN T 7 ARUI—THB I ENWRBEIND, 27 EFHEICRS 1S
TO—RRE—JIZOPEMUZEA I RRASITRBEL D S 0, T5ITH
AU THmzZETBEND D,

6.3.3 BAEENHT(TGA)

Fig. 2912 2a, 2b BX U 2¢c O TGA %R, Mt E0 MR DX Y72 3E
MELAELE 10%E RO (T,) & Liz.2a.2b BEU 2¢ D T, lE2NEh 343,
360 BELU 374 CTH %, Table 11 ITAHETES N IEP EHETHESN
7ZIEP 5 WEHRUA I RO T, 2ZEEDTRY, PTMO NHAEREINS IEP
D Tpld WERICHEASIND HZADOEEB LY PTMO OGHFEDZEE %)
% S0, ZRWP R, Ty BRICHEEDO A AL T THDR— PTMO EHED
LM THIET B HBENDH S, Table 11 17T L D12, PTMO. 2,4-TDI BL W
PMDA NS HERINBRIT LY VA I ROERLZR T TD Tpld, 68wtk
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PTMO D& &3 330 CTTH V., F7z 48wt% PTMO Tid 375 CTLio T3
%, 2a ® PIMO &8 BN 58wt%Thd &L, WENBREZFUERKIRT
THHNTNBEIEE2EETDHE, 343 TEVD 2a O T IRV ILE A
T ROETNICEHT BN ENLUETHBEEA D, f;:l&l RUA I ROERT
X, ERKRTTO T, RBREEDREKKMFTD Tyk D 50 CTELLE>T
W5 % F/=, MDI MHERINERYTLEY A R 4 &L TH MDI
R—Z IEPQ2c)D T, WRAEULETHEEEZAD, RUAIRHBINEIZDE
FIALEMDZELZEITR T TD T3 400 CTLLETHZ DT, L& FTD IEP
D Ty lFEDRY) T —HFTRHREER PTMO £ A > h OBE(L A RI KT
LThwasEEZLND,
6.3.4 FIEFE

Fig. 30 IZ 2a. 2b BXV 2¢ DIH-O T HHi#RZE/RY, 2,6-TDI X—2A
[EP2b)B LN MDI X—X IEPQc)DIEHI-DT AEENIN—RET A &
LTRUFIIAFLOFLTZL—b, VT T A2 &L TPIMO1000
MHERENDRY T—FI-T A7) AR T —OX%F) ! LI1FITEFR—TH 5.
2b BEO 2¢ 1HEDTHE L0 TITBNWT T v 7 OFEEE) 2R L., Al
WTHBD, CNULEDVTATIE, 1 I RRAS COBEMMBLICED LR
INDIEMBEENER E /2D, T 5T, BT HB00%LA L) T, i/ PTMO
T TAY NOREDOREEZ 5, BHEORBAICHRD OXADT HNE
gq/aIN3, LNL. 2,4-TDI X—2R [EPQ2a)iJBAME/RIEMEEEIFEEZ R L TW
2, UL 2a T 7 OMHDBERA KD THIEEMEESINTNDSZDT
HdEEZLND,
6.3.5 it AIE

BRIELTAFY >, T4 /=), PAFIVAINFFTA K (DMSO) BX
O'NMP 2 L, THARIEZ R Uiz, SHEZEMET 256 CTHB WL 60 CIT
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THRBE %2 7 BEBEHICEE L -05 ORERS (FVaE) LUk, S0V
BENEWE ETHAFEIZEN TN S 2 &1272 2, RIAR OB AR ESMHIE 80 C
2T 15 MR, 51T 150 CITT 40 B & Lz, BoNET NV ROKERZE
Table 12 12579, NMP IZx L Tid, 2a I35ERICAETH V. 2b IE—HRAlE
THBH, 2¢c I FFEAVERBTH S, £z, WTINO [EP bAFY 2, Y
J—=)VBLN DMSO KIEIARBETH D, #lL<TF7—FelKysL, 157/ —
VB L DMSO ITBITBTEFIE 2b BNERHENW ENFNnD. ZNHD
HERIIRUI LY A I ROMHS 2 OfEELKRT 2 E, FHETHEONL
IEP OTHEKIENENZHDTH D ENnh 5.

6.4

DMA BEU DSC DFERNS, 2,6-TDI X—Z IEP(2b)B KT MDI N—2A
IEPCIEA I RN—FEZ A RE PTMO V7 b2 A FMEDETIZ O
OB EEZTBRLTWDZENHSNER >z, £z, 2,4-TDI NX— A
I[EP(2a)ld X 7 QAN EENR+ATH D, M2 OMEGNEATND Z &N
MNB, 52, WAXS DFERNS, WTNO IEP2a-c)b7 BT 7 ARUT
—TdH o7, [EP(2a-c) DD EIEIMFDRI T LS 1 I REFFENT
NLLEDHEEER L, /2. 2b BELU 2c BEMHRELZIA NI —THBRY
IT—F)V—TAFIVIARY T—ITEH T 2 50RFIEZR > Thiz, 51T A
FY, T —=)IBELUDMSO IZBIFS 2b BLU 2¢ OIBEFIIERENT
B, ELITMDIR—ZAD IEPQCAOIE NMP IZbIEEAERBEEE DT,
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ETE SEENTTUY MM I RIIZA MY —OHRERBLITOYME

7.1 K8

A — N T bIRYy MY A5 & Tk SR DR A
St & Tl TR DR TE ey A Ty FIRSy MET 5 B
EOWZERIIE. TEHTF1 1999 £ 4 ABEN FERFBIMICHELL THRSE
ENTVB. EE—THNS Ty haED Y hOHT, BUAI K-S UH
ONA TV w FaARYy MCETIMES L <MEINTND &, N1T
Uy MeoBEE, TEEEB X OHFE/FEDOR LD B WIETFBROETAE
FB5EDTHY, TORARIE. BEWRI2 T al—F—EL TOETHMHE
T H AR TH B, 2o N T Uy MEOFEITZNWTNOHFZEITBNT
HRYTIwIBOBRMTIUAVIVERE L., VIV—FINEIZTA X FMEX
REEBITIVUAFINEERSIEEFEERO> TS, LML, NTTUv b
RUAIRIFAMY—DOMEIZINETIEEAERINTVWEWN, TIT,
AETIL, 5 ETRNZA I RIEQEFUHEEZET IR A I FOHREK
Tk BESNBERYS—Z2EERIEL. TINAFVIN—FIViE ® HDNIE
SUAEROVIVE B IcEDBSND LU NT IV EREERS &I, A
BN Ty FRUA I RISA MY —DERIZDOVTREIT Lz, 72B, 2V
He ROVIVIZAKHIALDEMESND I ENnSG, P UAE ROVIKER
BN Ty MEIEERAIZIZIEEITERIRAIETH 5.

7.2 EBR

721 A3 REEZESOHMEEETHRY) Y —IEP)D NMP B DG K
A 5 BTl BEEAETSEY YL T, PTMODA(.98 E)1)

& MDI0.2 BB LY 2,4-TDI0.8 BIWVDREDAV I TF—h&rT >

83



Taw MEIZT, 100 C. 5 BRI E2 &K VB, DWTRYTL
727 I)VIUERESKT NMP IZ 100 CIZTHEMRLEZDE, H¥ED PMDA %/
Z.165 CT3MHKIS S /5 Z &2 X V. 2,4-TDI/MDI X—X IEP (IEP-TM)
O NMP ISR ERTc, BENRT =53RSt § 5 BETh~ELS I,
COBEBETORYT—I3A I REEEEHIIT I RANVKRVEEEZDD,
722 THAFIIIN=TFINECLBNA T v M
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Fig. 31. SEM micrograph of TSi10-N and TSi10-ES.
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Fig. 34. TGA curves of imide elastomers in air at 10°C/min.
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The reaction of polyureas, prepared from the conventional
diisocyanates and the o, ®- diaminopolyoxyalkylenes, with pyro-
mellitic dianhydride in N-methyl-2-pyrolidone (NMP) at 165 °C
leads to the formation of polyimide elastomers. The polyimide
elastomers exhibited excellent physical properties.

Having recently been the subject of a few papers' and
patents,” elastic polyimides with the polyimide hard segments and
~the soft segments such as the polyoxyalkylene and the
polysiloxane are elastomer block copolymers noteworthy for the
application to high-performance adhesive, speciality coating, gas
separation membrane and pervaporation membrane. The elastic
polyimides are known to be polyurethaneimide, polyureaimide
and polyimide elastomers. Polyimide elastomers are usually
prepared by imidization of polyamic acids.” Accordingly, the
conventional diisocyanates cannot be used as the starting
materials of polyimide elastomers.

Takekoshi* reported that an important consideration in the
successful synthesis of polyimide is a design of proper
composition and proper choice of synthesis method because of
general difficulty in processing polyimides and their high cost.

HaN-RrNH,  + OCN-R,—NCO

‘<NHCONH—R1——NHCONH—R2>~
n

1a-c
(0]
la-c + |
(0] O
(0] (0]
0 o o o n
2a-c

+ 2nCO, + 2nHO

Ha
1a,1b,2a,and 2b :Ry = /—@—CHz@—

(TDUMDI=4/1)
‘Rg= —@—CHT@—

Scheme 1.

1cand 2c

We report here the first evidence of polyimide elastomer,
prepared from polyurea and pyromellitic dianhydride. The use of
polyurea is a novel and simple synthesis method with good cost
performance utilizing the organic reaction® of urea with carboxylic
anhydride. Polyureas, prepared from the conventional diisocya-
nates, such as 2 4-tolylenediisocyanate (TDI-100) and 4,4'-meth-
ylenedi (phenylisocyanate) (MDI), and the polytetramethylene-
oxide-di-p-aminobenzoate (Elasmer 1000), reacted with pyro-
mellitic dianhydride to give polyimide elastomers (Scheme 1).

The polyurea (1a) was obtained by a solution polymerization
of Elasmer 1000 and the mixed diisocyanate (TDI-100 : MDI
molar ratio =4 : 1). 1b (TDI-100 : MDI molar ratio= 4 : 1) and
1c (MDI) were obtained by a bulk polymerization in the same
reaction conditions. The mixed diisocyanate was used to obtain
polyimide elastomer which was soluble in NMP at 23 °C.
Polyimide elastomer (2a) was prepared by reacting 1a with
pyromellitic dianhydride in 35 wt% NMP solution at 165 °C for 3
h, during which the reactor was swept with argon gas to distill
out the NMP containing water formed by imidization. 2b and 2¢
were prepared under similar conditions in 20 wt% NMP solution.
The evolution of carbon dioxide gas was not observed after 3 h of
reacting at 165 °C in any imidization reaction. The degrees of an
imidization were approximately calculated from the amount of
water in the distillates. In the reactions of 1b and 1c with
pyromellic dianhydride, the amounts of water to be distilled out
were 48 and 92% in comparison with the theoretical amount.
Considering that carbon dioxide gas was no longer evolved
toward the end of the process, the degrees of an imidization were
assumed to be over 70% in 2b and over 95% in 2 ¢. The physical
properties of product solutions are summarized in Table 1.

Films of polyurea (la-c) and polyimide elastomers (2a-c)
were obtained by the method cited in the footnote of Table 2.

Table 1. The physical properties of polyurea (la-c) and
polyimide (2a-c) solutions®

polyurea and non volatile viscosity

polyimide wppesiance wt % mPas/23°C
la light yellow, clear 29.6 2170
2a dark brown, clear 19.2 60
1b light yellow, clear 19.9 31250
2b° dark brown, clear 20.3 200
lc light yellow, clear 20.0° 8920
2¢ dark brown, clear 20.0° gel

*The solvent was NMP. °The polymer powder was obtaind by
pouring the product solution (2b) in methanol, and then it was
dried for 24 h at 80 °C in vacuo. The yield was 91.1% and the
reduced viscosity was 0.30 dL/g (0.1g/dL NMP at 30 °C). Cal-
culated by material balance data.

Copyright & 1998 The Chemical Society of Japan

£
I



228

~ J
= VI — 1
] FEAN N 03 4
[ H \ ] QO
o ! Niy 1 3
>~-10x E Y ———
ke £ n e ] o
= F N\ ~ -40.2
i8] |07 ~ap, 1
E VG
E A

3
e
/

r NS
/3 M — o

2,

0
-100 =50 0 50 100 150 200 250
T/C

Figure 1. Temperature dependence of the dynamic mechanical
storage modulus (E") and the dissipation factor (tan 8) at 10 Hz at
heating rate of 5 °Cmin”' for polyureas (1b) and polyimide (2b)
elastomers.

The infrared spectrum of the film of polyimide elastomer
(2b) by ATR method exhibits remarkable absorption around
1780 and 1380 cm™' which are characteristic absorption bands of
imide.

Thermogravimetric analysis (TGA) was camied out to
investigate the thermal stability of the films of polyurea (1a) and
polyimide elastomers (2a). The profile of TGA in air shows that
1a has the temperatures of initial (T,) weight loss at 234 °C and
10% (T,,) weight loss at 317 °C and that 2a has T, at 280
°Cand T, at 377 °C. The thermal stability increases due to the
imidization, although T, and T,, are considered to depend upon
thermooxidative degradation of the polyoxytetramethylene
segment which is the most unstable segment in the polymer.

Table 2. Tensile properties of films® of polyurea (la-c) and
polyimide (2a-c) elastomers

Modulus, %

polyweaand 55 0o 200 300 Ep
polyimide
MPa MPa %o

1a 13 1.5 17 19 24 1100
2a 163 17.8 19.2 250 61.6 550
1b 17 19 24 28 123. 1090
2b 174 17.6 18.5 194  40.1 500
lc 53 56 6.1 67 129 900
2¢ 175 165 165 16.5 48.5 750

* The product solution was cast on a polypropylene sheet, and
then solidified in argon gas at 150 °C for 2 h. The film was
allowed to stand for 16h at 150 °C in vacuo. The final thickness
of the film was adjusted about 200 pm.
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Figure 2. Temperature dependence of the dynamic mechanical
storage modulus (E') and the dissipation factor (tan 8) at 10 Hz at
heating rate of 5 °Cmin™" for polyureas (1¢) and polyimide (2c)
elastomers.

The tensile strength at break (T,) of polyurea (1a) was
2.4 MPa and that of the corresponding polyimide (2a) was
61.6 MPa. The imidization of polyureas brought a substantial
improvement of tensile properties and an essential degradation of
polyurea chain during the imidization reaction did not occur. The
tensile properties of 1a-c and 2a-c are indicated in Table 2.

The dynamic mechanical storage modulus (E') and the
dissipation factor (tan §) plotted as a function of temperature are
given in Figures 1 and 2. The values of E' and tan§in 2b
showed that the microphase separation between the soft segment
and hard segment was increased due to the imidization. As
shown in Figure 2, the range of rubbery plateau of 2 ¢ is equal to
or wider than that of this class of elastomers obtained by other
synthesis methods.™® These results suggest that the synthesis
method described here is a greatly improved method producing
of polyimide elastomers.
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Table 1. Compositions and synthetic conditions of polyurethane elastomers

Poly(ether glycol)s and poly(ester glycol)

N Curing
0. Content in PUE o
Chemical structure Molecular weight orten I (Cxh)
(wt%)
PTGI180 180 X1
H ) CH,O 204 77.
PTG100 O{_CH-CH, {CHCH, 7LH 0 > 100 X 24
PBGI180 HO CIHCHZO X CH2(|3HO H 1801
H CH
PBG100 G P 1910 76.3 100X 24
CH, CH,
PPG180 HOTCHCH»OT TCHZCHO<)— 1950 13 180X 1
PPG100 CH, ’ 100 X24
PMPA 140 HO—{—A——B—j—A——OH" 3020 86.3 140X 4

» ~A-, -CH,CH,CHCH;CH,~; -B~, ~OCOCH,CH.CH,CH,0CO-.

CH,

IKLUTHW, 44-YT72=MA v P4 7T+ —F
(MDI) (347 54 7 27 (B SMHSRAELEHALTH
Wi,

22 RUHLEY TSR bv— (PUE) DERK

IRy v —FicL 2B TAKL 2. PTG
(193.8 g, 0.19 mol) & MDI (47.64 g, 0.38 mol) & %
80°C T2HEIRIGE Db, NCO% % JIS K 7301
ICTRIEL, EEEicxt LT 3% LIRADEE 8 » TV
BCLAMERL, SO IMEIRIGS €, RIBKRT
%, 80°C THREMML, RIGSHRELRT NI VHRT
HEICRL, oM UHTMP & 14-BD (£th=1:
4) EMSTHBIL (LA (8.565 g, 0.19 mol) ZiRE L

B eBEmRERBL, MEREEZFK- £,
TSI IS MRS E /1. 1008 KT 180°C ITTHL
12 200 mm X 200 mm X 2 mm D € — /b FIZRKIGE %2 FEA
L, Bl—ov D&% DRETOEL Y — FEAEHEFR
L7, BHE{EBEAS (S 100°C T 24 BERE, 180°C T 1 B &
L7, Billi%, 25+3°C 1T 7 BULOMRET- 12,
Fro, BE BER BIUOKIBUERY - bR
25E3CIKTFvr—F —hicigFE L.

PPG ¥ & U PBG A 5 ® PUE D #4813 PTG &[G U
ENT LB ERREDFETIT 12, #2220, 7L ®Y
< - ORIGERIIZ VL b 80°C T 6 RRITT - .
PMPA % B W7o 354 (3 4Rk € /v L% PMPA/1,4-BD/
TMP/MDI =4.99/0.97/2.60/10.0 & L, PTG & [E4kD
CHETHB LA KL, B 140°C T4RRIT -
72, Table 1 iR KES (No.), AVt ) 4 —raft
FHiE, BLUE{LREERT.

23 BEEH

BERIPHICH L TEENGHRREEIONTSE
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T, BEE ImV=0117um TH » 1.

DY, BEEKIEIF v NVTEINLN, FHETIE

" Newman & 5% \M (2 Zhang © DK & FEHICEIS O AE

D& EFWDO K (1) TRENZEFREEBEER LS
EFE L1
S=ME* e}

ST 0¥H

E: zbjfgz}ﬁy: (V/m)

M: BEEH (m/V?)

24 %Emﬂiu&lj§md\£{im§tﬂﬁ,§

G. L. COLLINS CORP. #t#{DZH b 5 v 2 AKX D
Transducer assembly SS-203 DC 24 V Z{EFH L, W/NE
BIZ2RHE L7 —Ra4 LIiciA 3RmEEER 24V
a 7RSI
353y 7 2@ERAL, SiRTEEAE LR & EiT
3. REA~NOHNEEICIZER Z={ERL, ERLEHE
B4 vy 7 2B HIGH VOLTAGE DC SUP-
PLY V-710 Z{@H L 7z, B ommiciEi 4 5 &m0
JiER 1S mmX15mm & L F£72, #ERLORIEE
Bamiwg3pdlsLr

2.5 BERNE

el e B a—L oy b es%y @ — F(ER)R HP 4284A
7L ¥ Y3 v LCR *—%20Hz-1 MHz %R L 72
KEDOEH (4 2.0520.05 mm T, EREEIE 38 mm,
HIEREEFEEE4E | kHz » S 1 MHz & L, 25°C icTilll
E L1z,

2.6 71<§5~$BIJE

FEEF T3 () 54 MKA-210/ADP-351 %2fER L 7-.
HAEtofiE 1.5 g TMHMEE 160°C ICT30 5D/ =Y
ﬁflaﬁi‘& -7z,
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2.7 EEMERIE

FE)AVzvFy s8N, TovilT, RERES:
2.5°C/min, JEEE % 10Hz &L, —110°C % 5 250°C
DIRBEEFE TRIE L 1<

2.8 DSC flsE

TEREEHE (M) %Y Thermo Plus DSC 8230 12T, Hi&i#E
B4 20°C/min, HFIOEAFH10mg s L, 7T VE
BT —110°C A 5 250°C DOEEFEHTRE L 1.

2.9 FT-IR fIE

H 75 % (BR) 84 FT/IR-5300 2 {8 H L, 25°C 12T
ATR FRIC L O RIE L 7-.

210 S5IREBRS LUV ITEHRE

ANV vFy s85F v vo v RTC-1225A {6
L7z, 518E8#E (Z 100 mm/min & L, % Dfthd k(2
JIS K6301 ICHE Utz ¥ v B3 MEHH1.05H, 5
1.25 OEEADIEST-0 ¢ A il S B L 72,

3 BRELUBE

3.1 PUE OEFEHHOEM: REFHRORS
BEOBEERTREKREK/NPDTIH 10 DEND B,
COEBHEBHEICLZbDEEZBICEOEDICOK
¥T&¥53. 22T, #£Yxx7FNL%EPUE (GRE PMPA
140) ZHWV, COEOFEBICOLWTRITEIT- 1.
Hirai & &EFEORIEED ICk viB oSN —EEBIEME
BT TOBEEBME Fig. 1 1ond. REOBHBIKS
FBETNVI =9 aOBFFICLOIT- 70 (LT, BEE
ET3). MEREMEZ+lloBERLICHEL, T-1
(Fig. 2). Fig. 3 3 —{ill & v &kl Z&IC 400 Pa DG %

/

e

&

DUFREERT - 1kERETRT (LT, BE-EEBELT
%), £1z, Fig. 4 CRES I mmDTNVIREVT /
77 ) v— b REEHTRRREICES L TERLK
&, WEET-oiERERT QUT, 7o iiRkESE
L95). BaofE-o2WT, X)) 2AY, BEE
A L (Table 2).

HREETOBEERIZ 107" (mY/V?) D4 — 5 —T,
Hirai 5 DEAFHE L. Rk PMPA140 O [T #EoHR
i Hirai 5 OH4EE C#K 12, Table 2 @ Sample No. 6
BLU1) SELEEL>TIMPa il 30T,
400 Pa ® EFHILT]ITIRES 2000 um O FH D INHE O ¢

-100

- 0.6

=]

5 20 o < . panaca , -~ 0.5

i f F r at

3 ‘ f Joa E
S : v : 403 =
T 10} : - 2
€

g i Joz2 £
g Z 3
a_ § e s p— 3 - . E . - 4 0.1 u

0 e o e— ; e : Lo : ] Y
0

100 200 300 400 500 600 700
Time (s)

Fig. 1. Contraction displacement of PMPA140 as a

function of time in 0.5 MV/m of field strength for

the unconstrained sample. Both sides of the sample

were metallized with aluminium. Thickness of the

sample was 2000 um.

Aluminium coated by evaporation

(a) sample
Transducer
assembly Aluminium coated by evaporation
™S G.L.COLLINS CORP. Loaded  400Pa
o §S-203 DC24V

(b) sample E

1
Sample =3

Electrode and g
sample holder

Fig. 2. Sample mounting for strain measurement: (a) metal coated, (b) metal coated and loaded, and (c) metal

plate cemented.
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Fig. 3. Contraction displacement of PMPA140 as a
function of time in 0.5 MV/m of field strength for
the 400 Pa-loaded sample. Thickness of the sample
was 2000 zm.
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Fig. 4. Contraction displacement of PMPA140 as a
function of time in 1.125 MV/m of field strength for
the sample cemented with two aluminium plates
using cyanoacrylate adhesives. Thickness of the
sample was 2000 zm.

A2 08um &3, HEELELES -EEELEOBEETE
MERET 5L, OFHIC1IHOR (120 um) 4
%. 400 Pa DEMIGIOHEIE 1um BETH B Lip
5, BEERFREPSEEES N TORWDITET ST
HBVHEEREOBELELFERENALTLAL
EMEHSME 7z, T IRESERIRSETOME

2KkEL, BEAROADVTFAERBTES. Ly
L, COAETHRAVERBINDE LS 28EE
HUBH, EFREERNOERRRGOFELE LK
BRICEBMEERITO JEick D, BEOBEISEVOTA
AFRIT A EFAEETH B, BEAHED I LE K F
B E&=a, WE=b, EH(EFRAR)=1) OEEKEH
HE SN EREER TR E T, 78D
LERHE, o CROTARREES, bITHEHT, r itk
MOFHUREL, BHEIARELLEEFLVTERR (2)
& BM,
n=%nm+ﬁ) ©))

Y., MEEANSE-GEN:E EDORM T OEREHEER

Yo, HEoEFE#EMER

F. k7729 —b/2

t: BEAGRAEORES (EFEHAED

b BEAESEOWRE

RQ) T, AHAETEALLZAHOERK» S b=15
mm,t=2mm &0, Y. 3 Y, D20EE1EE, O
FEiCEnBEH LTV I IRESEOBEEEKILESE - £
HEOMEIZIF—HL, Co@AEERMENICHETS
CEITkD, LVEHOBIFZBEBEEHEGS T LT
CEL R AN

32 RUIT—FIRPUEICHIFTE XA VEEDE

EBHANOXE

PUE R¥l D AR % Table 3 12, I5/-0 ¢ A HHER
% Fig. 5 IZ77Y. PTG BKL U PPG @ PUE {3 180°C T
FLx 83 EBAIC B ENS, SRE(LTIIHEES
DBEESNMTVWEEELON S, 1z, HFERIZ Table
3IRT LK, ELEEB L UEKEOEEEFZITIS
W,

125 MV/m O—EBREBEBLEE - EEET120H
REHCEINOL 7o & & DEEHET % Fig. 6,7, BLU 8 IC
RY. F£1, BHEESNABEERE Table 4 ISRT. 7
WIRESETRBUNEN 04501 um LIT &
INERLDORRE &1L B 120, BEEHOEHIZTHE
Dot #Y)Z—FAEYF—NVOHMRICEFRE L, &
{LBEAE VI, BEERIKREILSIENHS

Table 2. Influence of the sample mounting and electrode forming method on electrostriction coefficients in PMPA-

based PUE

Sample mounting method

Electrode forming method

Electrostriction coefficient (m%/V?)

Unconstrained Metallized by Al evaporation 3.6X1071%
Loaded Metallized by Al evaporation 3.4X107°°
‘Cemented "Al plate 1.1x107'
Cemented Al plate 2.2x10759

¥ Recalculated using Eq. (2).
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Table 3. Physical properties of poly(ether glycol)-based PUEs

Water content Dielectric constant Young’s modulus
No. Appearance MP
(wt%) 1 10 100 300 1000 (MPa)
PTG180 Transparent 0.37 6.5 5.9 4.6 4.3 3.8 4.25
PTG100 Opaque 0.38 6.6 6.1 4.8 4.4 39 4.56
PBG180 Opaque 0.18 5.4 4.7 3.5 33 3.0 2.18
PBG100 Opaque 0.15 5.8 4.9 3.7 35 3.1 2.54
PPG180 Transparent 0.42 6.0 5.9 5.3 5.3 4.9 1.68
PPG100 Opaque 0.35 6.5 6.4 5.8 5.7 5.3 1.71
40 : i 03[ ; _ 1.4
P1G100 : —— PBG180
35 b e e e} PGB0 . . ¢ [ Y713 S S—— PBG100 }+ <] 1.2
; I H R
E 25 ko T oish 408 §
s . : , 2 406 P
g ; g {04 =
t & 4 0.2
S Q
10 - 0| o
5+ -0.05 . e . : : -0.2
o ‘ ’ . . N ; -100 0 100 200 300 400 SO0 600 700
Time (s)
00 200
0 100 200 300 490 300 600 700 800 Fig. 7. Contraction displacement of PBG-PUEs as
‘ o Swen(®) a function of time in 1.25 MV/m of field strength for
Fig. 5. Stress—strain curves for PTG, PBG, and the 400 Pa-loaded sample. Both sides of the sample
PPG polyurethane elastomers. were metallized with gold. Thickness of the sample
was 2000 ym.
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Table 4. Electrostriction coefficients of poly(ether
glycol)-based PUEs

No. Electrostriction coefficient (m*/V?)
PTG180 1.7X1071
PTG100 7.4x10°"
PBG180 54%x107Y
PBG 100 —
PPG 180 2.1X107'
PPG100 —

3 Strain was too small for the calculation of electro-
striction coefficients because of experimental errors.
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Fig. 9. Temperature dependence of the dynamic
mechanical storage modulus (E’) and the dissipation
factor (tan 0) for PTG and PBG polyurethane elasto-
mers.

~——e— PPG180
PPG100 | o 1.2

5 0.8

tan &

E'(Pa)

{06

4 0.4

mﬁ\zﬁ::&xééb 10
’ | I

(o] S0 100 150 200
Temperawre ( T )

Fig. 10. Temperature dependence of the dynamic
mechanical storage modulus (E’) and the dissipation
factor (tan 0) for PPG polyurethane elastomers.

g HZEDFER
K. AR oFER
E:. BIEEE (V/m)
- S=T/Yo=(&K/2Y,)E" 4)

ETFRE, Vol. 56, No. 2 (1999)

-37.7

PBG180

endothermic

PPG180

182.5

-100 -50 0 50 100 150 200

Temperature (T )

Fig. 11. DSC curves for PTG, PBG, and PPG
polyurethane elastomers.
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Fig. 12. Infrared spectra of the carbonyl region for PTG, PBG, and PPG polyurethane elastomers.
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The Electric Field Induced Strain —Electrostrictive Response— of Polyurethane Elastomers

Kiyotsugu Asar*!, Shin-ichi INOUE*!, Kenzo K0iiMA*?, and Hiroshi OkamMoTO*!
*Department of Applied Chemistry, Aichi Institute of Technology (Yagusa-cho, Toyota, Aichi, 470-0392 Japan)

*2Department of Electronic Engineering, Aichi Institute of Technology (Yagusa-cho, Toyota, Aichi, 470-0392 Japan)

The electric field induced strain —electrostrictive response— of polyurethane elastomers (PUEs) was experimen-
tally investigated. The electrostriction measuring method without experimental errors from the flexure motion and the
mechanical constrains for flexible samples, such as a rubber whose modulus is from 10° Pa to 107 Pa, was established
using 400 Pa-loaded samples and completely constrained samples, and the electrostriction coefficients of the samples
were compared. The influence of microphase separation on the electrostriction coefficients was investigated in PUEs
prepared from poly(ether glycol)s, such as polyoxytetramethylene glycol, polyoxypropylene glycol, and polyoxy-1,2-
butylene glycol, 1,4-butanediol (1,4-BD), trimethylolpropane (TMP), and 4,4'-diphenylmethane diisocyanate (MDI).
The molar ratio of a poly(ether glycol), 1,4-BD, TMP, and MDI was 1:0.8:0.13:2. PUEs with hard segment
aggregates of poor order were obtained at a high curing temperature (180°C). PUEs cured at 180°C had much larger
electrostriction coefficients than those cured at 100°C. The results showed that making order of hard segment aggregates
poorer is a very useful way for the improvement of electrostrictive effect in PUE with the same composition.

KEY WORDS Polyurethane Elastomers / Electrostriction Measuring Method / Electrostriction Coefficients /
Microphase Separation / Poly(ether glycol)s / Order of Hard Segment Aggregates / High Curing Temperature /
(Received September 28, 1998: Accepted November 29, 1998) [Kobunshi Ronbunshu, 56(2), 68—76 (1999)]

76 BT, Vol. 56, No. 2 (1999)



Bal

B FERE (Kobunshi Ronbunshu), Vol. 56, No. 11, pp. 725—731 (Nov., 1999)

ARYUTZZFINRRYUY LY VIS T —DBEEEE

B BIRE K RS R E EM e NE B . A 5L

(ZFH1999F 6 220 « HAHKLT 1999 F 8 A 19 &)

EE RVIRFAVFZREYILY LR MT— (PUE)ICKL, BEZEHMTEIEICEDE
HEN2EIG LRI CAHRICEL IO §°4 (BE) OB >V TERINET L., KY G4 F
WRY G AF LT IR=}b) (PMPA) £ 44'-C 7 220X 5247 YT+ —F (MDL) b5 Wi
224- BEU244-Pb Y A FUANFHFAF LY IA Y T+ — b OFELESY (TMHDI) & 2HW,
JA YV VT F— b/PMPA ENL=2TEONL7LEY -2+ A FOo—-LT Oy (TMP) &

RS & & PUE 2 &A% L 7.
DRKEWVEEBNBEEIN.

MDI % PUE & TMHDI % PUE & %859 5 &, TMHDI % PUE IC &
12, 7L R 7—DNCO HEHE TMP O OH HEHE D% 1.0,

0.75, BLU0.67 ETILEY, YLy vl Ay bh~DOBRIELEE T2 OH HOBAE AR L1
ETA, TLI T Ay MRADOH RDEALA 1 BTHS TMHDI R PUE (H&HL=0.67) &8

REBTBEERTC ENY S &M - 12,

TRFNETA P ED LY eI X v b EDHEBIER A DI < 3 3 L[E]IHIC,

£Yx2FNVEPUEDBEENREMAKSHELTERELT,

YLy vET AV E

ICRRVEREE A L 2 0z AUsbisRIL B ERERIZLITICT 5 2 L3ERICHHTSH 5.

1

FEeitto 2 T EBENREHT @9 FHRIOERNE
MEBEINBZ LI > 72D, EHSER{EL 2R
7 ofbE =y F e FHELWEBYE Kawai” iIck D B
W E N 1969 EELIBRT H B, ML, a[¥EIEIRMIOL
FY 7o b= 7 OuiER%E 100 Padt — 5 — %
TTFAIEICEWEREREKRE CTHH7E? HiTH
NaEHcEy, fiEBOBEVITLHEZVEHEY TL Y
YIFAMT—(PUE)MT 7 Fax—5—DFEM L&
LT, F/, FrLOWEBHMEY & LTEEBsNS &
Yt UL, ShETHESNTELPUED
HEERIROREVEA 10 *(m'V YDA —-5-T
HH, FHL/PESOEIZ10 " m'V HYDA—5—Lli-
TW5, Y T3, BEEHOMEEICR SN BE
DEEETHELbIC, BETHOERIEDS ZMES
R U ERARHS L, &51C, MEZLLAERS
IS % RV —FLROYLY TS5 PT—IC
BB N AL R EBESTEOMEZIFSMICL
BENBIE YLy v 74 v+ (PUE TIE—REENCI
N=FE Ay R EMEND) THIRSNE F AL Y

il

AT KRR LR (@470-0393 i\ STR T
1247)

X TR KRR DR (89470-0393 W HTT AT/ T8
1247)

(HS-F A 14 ») OFMEMLE L5, §4bhbb5 HS-F
AAvDA v s—=7x4 ZHPBRT B EICLkh KE
B ERBOMTLIZ, KHETIE, COEENHR
RS H B TFrE LTHS-F A A v OEKFLSIER
CHNTHEZLEVOHMBAER ) RFLEDIL Y v T
52 b= ICBL, HS-F A1 v 2T 5oL 5 v
£ 7 v b OFIKIGE & BERT) L OBLEL EERINR
LAHBREHES 5.

2 % L34

2.1 HEE
FY@-AFALRy I AF LT V=) (PMPA)
13 (B)7 5 L8751 £ Y4 — i P-3010 (OH Value
372 2 Fz0FEFHOVA Y AFO - LT Oy
(TMP) 3+ 7 54 57 27 R B EAEZ T L * 2
5—v—7ZA3ATHIKLTHERLK 44-27 2=
A v IA4 v TH—F MDD RFHSA4TFRI R
BRI ARY L THOV 224- BL U 2,44-1 Y
AFNNEFHAFLYIA Y T+ —FDEETVREY
(TMHDI) {3 & 2 /v 2 ¥ + /¥ ¥ (Fk) B VESTANAT
TMDI (NCO% 40.0) 2% D& £ A7,

22 RYILIYTS5X 7~ (PUE) DEK
TURY) T —iEIck ) 2B TEML 2. PMPA
(514.6 g, 0.171 mol) & MDI (85.4 g, 0.341 mol) & % ¥z
BT d A RBEKT60C ICT6HRIGE Y, 7

725

nnyi

E:)d

)



EES I N O ) N N

L&Y < — (Pre-M) % 18 1. & /o PMPA (526.6 g,
0.175 mol) & TMHDI (73.4 g, 0.349 mol) & % HZIR T IV
I H ZEEKT 140C K T4BRERIES €, 77L&
) = — (Pre-N) 2187z, 7L #1) < —0DNCO% (3 JIS
K 7301 IKREWRIEL&E T A, PreM=22% B LU
Pre-N=2.1% T& » 72, Pre-M (79.8 g, 0.042 NCO eq.
number) % 110°C I TRERBL, Ho5 L8 70C I
Ti7ARh L 72 TMP (1.87 g, 0.042 OH eq. number) %iB&
L, BE 110C it TRERB LD, 140°C IZTFH
FEEL L /2 200 mm X200 mm X2 mm D E — )V FITIRER
EEAL, By — rak M-1) 2{ERIL 2. LI
Ml 140°C T4BEf & L 7o, E#IC Pre-M (80.0 g,
0.042 NCO eq. number) & TMP (2.50 g, 0.056 OH eq.
number) & &GS HHL Y — PR (M-12), BXU
Pre-M (80.4 g, 0.042 NCO eq. number) & TMP (2.84 g,
0.063 OH eq. number) & 2 RIG& ¢HE(L Y — P (M-
2) 287, %7, Pre-N(80.0 g,0.040NCO eq.number)
% 130°C I
TRER#E L, TMP (1.79g,0.040 OH eq. number) % iR
&L, BE 130C IcTRERBLIcDS, 150C IcTTF
HPHE Lo -V FICRAIREEAL, By — ball
(N-1) Z{F8I L 7. 3{LBEREIE 150°C TS BR& Le.
& 51, Pre-N (80.3 g, 0.040 NCO eq. number) & TMP
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2 1 mV=0.117um TH -1, I THIOKHICIEE S
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~NOMMEEIC BEREER L, ERTELERICA ~
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25 BELAE
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PO — SR - 12,
2.7 AR
AV zvFy o804 7o 2T, RiBEESE
2.5°C min ', BigE%10Hz& L, —110C » 5 60°C
DRI FEEH TRITE L 7<.
28 BIERBRBLUYVITEAE
BR)AV vy ey o885 yoy RTC1225 A %21{&
F L7z, BI3E#1% (2 100 mm min ', REEE L 25
2°C &L, #Dihd M3 JISK 6301 IC#EL /. v+~
TR MEHA 10555 1.25 DFEADIETI-0 34 il
B oTH L1,

Table 1. Compositions and curing conditions of polyurethane elastomers

NCO eq. number of prepolymer

Sample code .. Curing
No. Diisocyanate OH eq. number of TMP (°C Xh)
(ratio) :
M1 MDI 1.00 140 x4
M12 MDI 0.75 140X 4
M2 MDI 0.67 140X 4
NI TMHDI 1.00 150X5
NI12 TMHDI 0.75 150X5
N2 TMHDI 0.67 150X5
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Fig. 2. Contractile displacement of TMHDI-based

PUE:s as a function of time in 2.5 kV of D.C. field.

Table 2. Observed contractile displacements, strains, and electrostriction coefficients of PUEs

Sample Observed contractile displacement Electric  Electrostriction
. ) 1st 2nd 3r Strain field coefficient
(I:\(I)ge T}zl:ll:)ess Sptali:I:;nen Lot. #-1 Lot. -2 Lot.d:?-3 Average x10 * Strengthl X}O 'j
: . (um) (MVm ') (m*V °)
Ml 2.25 Lot. 1-# ND* ND - NCV <0.04 1.11 <0.3
Lot. 2-% ND ND - NC
Lot. 3-% 0.01 0.01 0.01 0.01
MI12 2.00 Lot. 1-# 0.02 0.03 - 0.03 <0.2 1.25 <13
Lot. 2-# ND ND - NC
Lot. 3-% 0.01 0.01 0.01 0.0l
M2 2.22 Lot. 1-# 0.05 - 0.06 - 0.06 0.2~0.5 1.13 1.6~3.9
Lot. 2-# 0.12 0.11 0.11 0.11
Lot. 3-8 0.06 0.05 0.04 0.05
N1 2.13 Lot. 1-# 0.02 0.03 - 0.03 0.1~0.2 1.17 0.7~1.4
Lot. 2-# 0.05 0.06 0.05 0.05
Lot. 3-# 0.05 0.05 0.04 0.05
NI12 1.98 Lot. 1-# 0.04 0.03 - 0.04 0.2~0.4 1.26 1.3~2.5
Lot. 2-# 0.09 0.08 0.08 0.08 ‘
Lot. 3-# 0.06 0.05 0.05 0.05
N2 2.17 Lot. 1-# 0.13 0.15 - 0.14 0.6~1.2 1.15 4.5~9.1
Lot. 2-% 0.25 0.25 0.30 0.27
Lot. 3-# 0.20 0.25 0.34 0.26
¥ ND, not detected; NC, not calculated.
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Table 3. Physical properties of MDI-based PUEs and TMHDI-based PUEs

Water Dielectric constant Young’s Tensile Elongation
No. Appearance content modulus strength at at break
break
(Wt%) 1 10 100 1000kHz  (MPa) (MPa) (%)
Ml Practically colorless 0.10 6.5 6.4 6.2 5.6 3.56 2.6 190
Transparent
MI12 Slightly yellowish 0.12 6.6 6.5 6.4 5.7 2.42 3.0 370
Transparent
M2  Slightly yellowish 0.13 6.8 6.7 6.6 5.9 1.51 4.3 940
Transparent
N1 Colorless 0.17 6.6 6.6 6.4 5.8 1.67 1.9
Transparent 370
N12  Colorless 0.16 6.8 6.8 6.6 6.0 1.60 5.5 790
Transparent
N2  Colorless 0.16 7.1 7.1 6.9 6.3 0.96 >3.5 >1300
Transparent i
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The Electrostrictive Response of Polyester-Based Polyurethane Elastomers

Kiyotsugu Asar®, Hohei LiN*', Shin-ichi INOUE*!, Kenzo KosiMa*?, and Hiroshi OkamoTo*!
*'Department of Applied Chemistry, Aichi Institute of Technology (Yagusa-cho, Toyota, Aichi, 470-0392 Japan)
*2Department of Electronic Engineering, Aichi Institute of Technology (Yagusa-cho, Toyota, Aichi, 4700392 Japan)

The electrostrictive response of polyester-based polyurethane elastomers (PUEs) was experimentally investigated.

The influence of diisocyanate on electrostrictive effect was studied using 4,4'-diphenylmethane diisocyanate (MDI) and
trimethylhexamethylene diisocyanate (TMHDI). Prepolymers were prepared from diisocyanate and poly(3-methyl-
pentamethylene adipate) (PMPA). The molar ratio of diisocyanate to PMPA was 2. PUEs were synthesized by the
reaction of the prepolymers with trimethylolpropane (TMP). TMHDI-based PUEs had much larger electrostriction
coefficients than MDI-based PUEs. Moreover, the influence of OH group number in an urethane segment on the
electrostrictive effect was studied on PUEs prepared under 1.0, 0.75, and 0.67 in the ratio of NCO eq. number of
prepolymer to OH eq. number of TMP. TMHDI-based PUE with one OH group in the urethane segment had a larger
electrostriction coefficient. The results showed that making the interaction of urethane segment with ester segment
weaker, introducing a polar group like OH group into urethane segment and lowering the transition temperature of
urethane segment below a measuring temperature of electrostriction are very useful ways for the improvement of
electrostrictive effects in polyester-based PUE.

KEY WORDS Polyester-Based Polyurethane Elastomers / Trimethylhexamethylene Diisocyanate /
Poly(3-methyl-pentamethylene adipate) / Trimethylolpropane / Electrostriction Coefficients / Ester Segment /
Urethane Segment / OH Group / Transition Temperature /
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Preparation and Properties of Imide-Containing Elastic
Polymers from Elastic Polyureas and Pyromellitic

Dianhydride

KIYOTSUGU ASAlI, SHIN-ICHI INOUE, HIROSHI OKAMOTO

Department of Applied Chemistry, Aichi Institute of Technology, 1247 Yachigusa, Yakusa, Toyota, 470-0392, Japan

Received 10 July 1999; accepted 26 November 1999

ABSTRACT: A new approach to obtain imide-containing elastic polymers (IEPs) via
elastic and high-molecular-weight polyurcas, which were prepared from a-(4-amino-
benzoyl)-w-[(4-aminobenzoyl)oxy]-poly(oxytetramethylene) and the conventional diiso-
cyanates such as tolylene-2,4-diisocyanate(2,4-TDI), tolylene-2,G-diisocyanate(2,6-
TDI), and 4,4'-diphenylmethanediisocyanate (MDI), was investigated. IEP solutions
were prepared in high yield by the reaction of the polyureas with pyromellitic dianhy-
dride in N-methyl-2-pyrrolidone (NMP) at 165°C for 3.7-5.2 h. IEPs were obtained by
the thermal treatment at 200°C for 4 h in vacuo after NMP was evaporated from the
resulting IEP solutions. We assumed a mechanism of the reaction via N-acylurea {from
the identification of imide linkage and amid acid group in IEP solutions. NMR and
TFTIR analyses confirmed that IEPs were segmented polymers composed of imide hard
segment and poly(tetramethylene oxide) (PTMO) soft segment. The dynamic mechan-
ical and thermal analyses indicated that the IEPs prepared {rom 2,6-TDI and MDI
showed a glass-transition temperature(T,) at about —G60°C, corresponding to T, of
PTMO segment, and suggested that microphase-separation between the imide segment
and the PTMO segment occured in them. TGA studies indicated the 10% weight-loss
temperatures (') under air for IEPs were in the temperature range of 343-374°C.
IEPs prepared from 2,6-TDI and MDI showed excellent tensile properties and good
solvent resistance. © 2000 John Wiley & Sons, Inc. J Polym Sci A: Polym Chem 38: 000-000,

2000
Keywords:

imide-containing elastic polymer; polyureas; diisocyanate; dianhydride;

N-acylurea; microphase-separation; glass-transition temperature; tensile properties;

solvent resistance

INTRODUCTION

Since imide-containing block copolymers were
prepared as a new class of elastoplastic polymers
inning of the 1970s,% various imide-
containing elastic polymers (IEPs) have been de-
veloped as high-performance polymers, which can
be applied in microelectronics and specialty coat-
ings. IEPs with a polysiloxane soft segment are

at the
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the most widely studied as oxygen plasma resis-
tance materials, high-performnance adhesives,
and gas separation mcmbraues.a‘n\I\EPs with a

polyoxyalkylene soft segment have also been in-

vestigated for the application to pervaporation
membranes,*? and biomaterials.*® Other at-
tempts to introduce a polyimide unit into polyure-
thane (PU) with a polyester soft segment were
made to improve the heat resistance, ¢f PU, 16
IEPs with a polysiloxane segt/nex'xt have been
synthesized by imidization of polyamic acid pre-
pared from tetgacarboxylié dianhydride and dia-
mine,? and by imidization of polyamic acid ester
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prepared from pyromellitic dianhydride diethyl
ester chloride and diamine.” IEPs with a polyoxy-
alkylene have been prepared by the reaction of
isocyanate-terminated polyurethane prepolymer
with tetracarboxylic acid dianhydride. Morcover,
poly-(urethane-imide)s were prepared from poly-
amic acid or oligoamic acid and polyurethane pre-
polymer end-capped with phenol.'* We reported
the first evidence of polyimide elastomer prepared
from elastic polyurea and pyromellitic dianhy-
dride.*® As shown in Scheme 1, our new approach
to obtain IEP via elastic and high-molecular-
weight polyurea is based on utilizing the conven-
tional diisocyanates with high reactivity, which
are widely used as raw materials for polyure-
thanes and high-performance polymers such as
polyisocyanurates, polycarbodiimides, and poly-
amide-imides. Elastic polyureas are easily pre-
pared from the conventional diisocyanates and
amino-terminated oligomers. In this article, the
imidization process was studied, and the influ-
ences of the chemical structure of the diisocya-
nates on physical properties of IEPs were inves-
tigated. IEPs were characterized by viscosity,
FTIR, and NMR measurements. Mechanical
properties, thermal properties, and solvent resis-
tance were also examined and compared with
those of other IEPs and the high-performance
copolyether ester elastomer.

EXPERIMENTAL

Materials

a-(4-aminobenzoyl)-w-[(4-aminobenzoyl)oxy]-
poly(oxytetramethylene) (PTMODA: Amine num-
ber in KOH = 90.4, OH number in KO = 0.2, A,
= 1240, M, /M, = 1.48) was delivered by lhara
Chemical Industry Co., Ltd. PTMODA was dchy-

drated in vacuo at 80°C for about 15 h before use.
Tolylene-2,4-diisocyanate (2,4-TDI) and 4,4'-
diphenylmethane diisocyanate (MDI) were puri-
fied by distillation under reduced pressure.
Tolylene-2,6-diisocyanate (2,6-TDI, Aldrich
Chem. Co.) and pyromellitic dianhydride (PMDA,
Nacalai Tesque, Inc.) were used without further
purification. N-methyl-2-pyrrolidone (NMP, Na-
calai Tesque, Inc.) was kept over molecular
sieves. The other reagents commercially supplied
were used without purification.

Preparation of Elastic Polyureas

The elastic polyurea was prepared by a/bulk po-
lymerization of PTMODA (H,N—R;&NH, in
Scheme 1) and the diisocyanate. PTMODA con-
tains poly (tetramethylene oxide) (PTMO: MM,
= 1000) scgment that is a soft segment. MDI
(4.058 g, 0.03243 NCO mol) and PTMODA (19.74
g, 0.03180 NI, mol) were mixed at 45°C under
argon. The mixture was poured into a spin coater
and reacted at 100°C for 4 h to give MDI-based
polyurea sheet (1c) with a thickness level of 1
mm. The sheet was aged at room temperature for
a week. 2,4-TDI-based (1a) and 2,6-TDI-based
(1b) polyureas were prepared from 2,4-TDI (3.276
g, 0.03762 NCO mol) and PTMODA (22.86 g,
0.03684 NII, mol), and from 2,6-TDI (2.904 g,
0.03335 NCO mol) and PTMODA (20.26 g,
0.03264 NII, mol) by the same method. The struc-
turc of polyureas was confirmed by NMR spec-
troscopy.

1a: 'II NMR (DMF-d,): 8.15, 8.79, 9.10, and
9.54 ppm (urea); C NMR (DMF-d,): 17.45
(methyl), 26.41, 27.21, 64.98, and 70.88 (inethyl-
ene), 153.14 and 153.22 (urea), and 166.38 ppm
(ester). ELEM. ANAL. Caled. for N content: N, 3.9.
Found: N, 8.8. 7,4 (dL/g): 0.93. 1b: 'H NMR
(DMF-d,): 8.19 and 9.45 (urea); *C NMR (DMF-
d4): 12,62 (methyl), 26.41, 27.21, 64.98, 70.88
(methylene), 153.55 (urea), and 166.37 ppm (es-
ter). IBLEM. ANAL. Caled. for N content: N, 3.9.
Found: N, 3.8. 1,q (dL/g): 0.83. 1c: 'H NMR
(DMP-d,): 8.78 and 9.12 ppm (urea); **C NMR
(DMF-d,): 26.39, 27.19, 40.84, 64.97, 70.86 ppm
(methylene), 153.21 (urea), and 166.36 ppm (es-
ter). IBLEM. ANAL. Caled. for N content: N, 3.8.
FFound: N, 3.9. 1,.q (dL/g): 1.22.

Preparation of Imide-Containing Elastic
Polymer (IEP)

First, IEP solutions were prepared by the reaction
of the polyurecas with PMDA in NMP. Next, films
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IMIDE-CONTAINING ELASTIC POLYMERS 3

Table I. Polymer Compositions, Appearance and Viscosity of IEP Solutions (2'a-c)

Concentration Viscosity Reduced
No. Composition Appearance® (%) (mPas/25°C) Viscosity® (dL/g)
2'a 2,4-TDI-based dark brown, clear 20.6 470 0.40
2'b 2,6-TDI-based dark brown, jellylike 20.8 - insoluble
2'c MDI-based dark brown, jellylike 20.9 - insoluble

® Observed at room temperature.

b Measured at a concentration of 0.5 g/dL in NMP at 30°C.

of IEP were obtained through a thermal treat-
ment after NMP was evaporated from the result-
ing IEP solutions. 1c (10.06 g, 0.02715 N atom
mol) was completely dissolved in NMP (23.48 g) at
100°C under argon atmosphere. PMDA (2.961 g,
0.01358 mol) was added, followed by reacting at
165°C for 3.7 I, during which the escaping gas
was passed through 0.0633 N barium hydroxide
solution (1L). Formation of barium carbonate in
the barium hydroxide solution indicated that the
gas was carbon dioxide. NMP was distilled out,
purging with argon gas, in order to remove the
water generated from the polymer solution. NMP
distilled out was 17.54 g and found to contain
0.162 g of water. Dehydrated NMP (42.53 g) was
added into the polymer solution to give about 20
wt % MDI-based IEP solution (2’c) during the
reaction. The yield of the carbon dioxide evolved
was determined from a quantitative analysis of a
remaining barium hydroxide.

2,4-TDI-based IEP solution (2'a) was prepared
from 1a (10.28 g, 0.02928 N atom mol) and PMDA
(8.198 g, 0.01464 mol) at 165°C for 5.2 h by the
same method. NMP distilled out, 30.21 g, was
found to contain 0.190 g of water. Dechydrated
NMP, 24.00 g, was used for dissolving 1a, and
56.40 g was added during the reaction.

2,6-TDI-based IEP solution (2'b) was likewise
prepared from 1b (9.220 g, 0.02627 N atom mol)
and PMDA (2.864 g, 0.01314 mol) at 165°C for
4.5 h. NMP distilled out, 25.68 g, was found to
contain 0.136 g of water. Dehydrated NMP, 21.53
g, was used for dissolving 1b, and 49.05 g was
added during the reaction. The yield of the water
was 72.9 % for 2'a, 58.1% for 2'b, and 66.9% for
2'c, respectively. On the other hand, the yield of
.the carbon dioxide was almost 100% for each IEP
solution.

The resulting IEP solution was prcheated at
150°C, and cast on a silicone surface in a spin
coater at 150°C. NMP was evaporated at 150°C
for 1 h in the coater. After that, IEP was obtained

in a film with a thickness level of about 100 pm by
thermally treating the cast film at 200°C for 4 hin -
vacuo. 2,4-TDI-based (2a), 2,6-TDI-based (2b),
and MDI-based (2¢) IEP were prepared from.the
corresponding IEP solutions (2'a-c) by this proce-
dure.

Meceasurements

Reduced viscosity was measured at a concentra-
tion of 0.5 g/dL of polymer in NMP at 30°C with a
Ubbelohde dilution viscometer. Nitrogen analysis
was performed on a Yanaco CHN analyzer MT-2.
I'TIR spectra were recorded on a JASCO FT/IR-
5300 with ATR-500/M. *H and *C NMR measure-
ments were performed on a UNITYplus-300 var-
ian NMR spectrometer at room temperature. CP/
MAS ¥C NMR measurements were performed on
a JOEL JNM-GSX200 spectrometer at room tem-
perature. Differential scanning calorimetry (DSC)
measurements were performed on a Rigaku
Thermo plus DSC 8230 at a heating rate of 20°C/
min under argon. Thermal gravimetric analysis
(I'GA) measurements were performed on a Shi-
madzu Thermal Analyzer DT-30B at a heating
rate of 10°C/min under air, Dynamic mechanical
analysis (DMA) was performed on a Rheometrics
RSA II at a healing rate of 5.0°C/min and a fre-
quency of 1.0 rad/s. Tensile properties were inves-
tigated using Orientec RTC-1225A with Model
U-4310 at room temperature.

RESULTS AND DISCUSSION

Properties of IEP Solutions (2'a-c)

Appearance and viscosity of the resulting IEP
solutions are summarized in Table I. 2'b and 2'c
are jellylike at room temperature and form fluids
at 150°C. The reduced viscosity of 2'a is 0.40 dL/g
in NMP at 30°C and at the same level as that of
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IEP prepared by the imidization of polyamic acid
or polyamic acid ester.”"8

13C and 'H NMR spectroscopies of IEP solu-
tions (2'a-c) were measured in dimethylform-
amide (DMF-d;) to assume a mechanism of the
reaction of polyurea with PMDA. As shown in
Figure 1, urea carbon peak at 153 ppm in Ia
disappears and carboxylic acid carbon peak at 168
ppm and imide carbon peak at 166 ppm appear in
2'a. Figure 2 shows proton peaks of amide at 9.09,
9.25, and 9.69 ppm and proton peak of imidized
pyromellitic ring at 8.45 ppm in 2'a. **C and 'I1
NMR analyses confirm that 2'a is a polymer hav-
ing imide linkage and amide acid group. Schot-
man et al.}” investigated the reaction of 1,3-
diphenylurea or 1,3-dicyclohexylurea with benzoic
anhydride, in the study on the reaction of isocya-
nates with carboxylic acid. They confirmed the
formation of N-acylurea as intermediate in the
reaction. Their study suggests that N-acylurea
linkage having one carboxylic acid group and one
anhydride group is formed in the first step of the

DMF - d;

ester

ureca
1a

Wl “‘k*aW 'W«W‘Mk*hm‘fe»‘fﬁ'w\tf#MLW 0

carboxylic
acid

|
H’W‘M i H\/n‘Mw%‘w%\‘wW\Wm

aminc benzoic ring

pyromallilic ring
\ lolyene ring

OMF -«

amido

oL

=

2a l

[ — T
10 9

ppm 8 7
Figure 2. 'II NMR spectra for the amide and aro-
matic ring region of 2'a and 2a.

reaction of polyurea with PMDA, and that the
N-acylurea linkage dissociates into amide and
isocyanate in the next step. However, we think
that isocyanate is not generated because gelation
due to a reaction of isocyanate with carboxylic
acid does not occur during the reaction. Accord-
ingly, we assume that amide linkage and imide
linkage are formed at the same time, carbon di-
oxide being evolved by a reaction of the remaining
anhydride in the N-acylurca linkage, and then a
polymer having imide linkage and amide acid
group is prepared.

Characterization of IEPs (2a-c)

Nitrogen analyses of IEPs (2a-c) are summarized
in Table II. These data suggest that the imidiza-

ester and
imide
2a Table II. Nitrogen Analyses for IEP (2a-c)
oo
M‘ B M W 2&
1§
m fm\m[ﬁ M’ "‘m “{ W’ h "]‘/# lY No. Calculated Found
1 165 160 155 150
ppm 2a 3.3 3.1
‘ . 3.2
Figure 1. '3C NMR spectra for the carbonyl region of “Zb 3.3
2¢ 3.1 3.2
la, 2'a, and 2a.
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tion proceeds nearly quantitatively. 2a is soluble
in NMP, so 2a is characterized by the I and *3C
NMR data of 5 wt % 2a solution in NMP. 2b and
2c are characterized by the solid-state '*C NMR
and FTIR measurements. As shown in 2a of Fig-
ure 1, the carboxylic acid carbon peak at 168 ppm
in 2'a disappears, and imide and ester carbon
peaks at 166 ppm are simplified in 2a. Figure 2
shows protons of amide in 2'a disappear in 2a.
NMR analyses of 2a confirm that the imidization
is complete through the thermal treatment. Fig-
ure 3 shows **C NMR spectra for the whole region
of 1a and 2a. The spectrum of 2a demonstrates
that 2a is IEP, having an imide hard segment and
a PTMO soft segment. Figure 4 shows that a
strong peak of carbon of the imide linkage ap-
pears at 165 ppm in the CP/MAS 3C NMR spec-
trum of 2c. Takekoshi’® reported that the charac-
teristic IR absorption bands of the imide group
appear at 1780 and 1720 (vc—g), 1380 (vo_p), and
725 ecm™?! (8c—p). As shown in Figure 5, these
bands are observed in 2¢, but the characteristic

{o-cnzcn,cn,cnz(o-cu,cn,cn,cn,) O-CH,RCH,RCH,CH,-0 2
" r 1 . L} 1 1 1 /a . 1 T .
1

CHig

—C'Qﬁ & V—O:" G- [‘Gc'l'

=

i IR !

S ARAARAAAR ASAAS RARAE Radaanasatnadls anlassatidssasll

H
!

Q»« I:E il“r:t O e T

2
[} 1] 1] 1 . '
NP
DAF
&
;-LF-
5
3,4 0 z
IS0 R (PRSP AW O, 1
180 160 140 120 100 80 60 40 20 ppm
Figure 8. !*C NMR spectra of 2,4-TDI-based polyu-

rea (1a) and IEP (2a).
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Figure 4. CI/MAS '»C NMR spectra of MDI-based
polyurca (1c¢) and IEP (2c).

absorption bands of the urea and anhydride
group that is, 3310 (vy_y) and 1640 and 1820
em ™! (veg) are not observed in 2¢. CP/MAS *3C
NMR and IR analyses clearly confirm that 2c¢ is
also IEP having an imide hard segment and a
PTMO soft segment.

Dynamic Mechanical and Thermal Properties

IEPs (2a-¢) are segmented polymers, similar to
segmented polyurethanes described by Sper-
ling,’Y having an imide hard segment and a
PTMO1000 soft segment. The results on DMA

and DSC for IEPs (2a-c) are shown in Figures 6 Fo
and 7. T'wo main transitions are observed for 2,6- ¥7

TDI-based IEP (2b) and MDI-based IEP (2c) in
Figures G and 7, respectively, suggesting mi-
crophase-separated morphologies. The transition
(T;*) appearing below 0°C is attributed to a relax-
ation of PTMO segment and the other transition
(’J‘g“) appearing above 200°C is attributed to a
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1c . urea

3310 1640

e v v v b e e ey b

1N

17801710 1370 720
PN S IS TN U VO SN SN W SO G O ) 1 It 1 | 1 1
4000 3000 2000 1000 400
Wave number/cm’!

2c : imide

Figure 6. IR spectra of MDI-based polyurea (1c) and

IEP (2¢).

relaxation of the imide segment. On the basis of
the tan & peak in Figure 6, 7},° for 2b and 2c¢ is
—63 and —61°C, respectively, and T, h for 2b and
2c is 240 and 245°C, respectively. On the other
hand, 7,,* from the DSC curve in Figure 7 was

R

107
=100 -50 0 50 100
Tomporature/°C

Figure 6. Temperature dependence of storage modu-
lus (E’) and tan 8 of IEPs. 2,4-TDI-based: 2a (—-—),
2,6-TDI-based: 2b (solid line); MDI-based: 2¢ (dotted
line).

Endo

<100 -50 0 50 100 150 200 250
Temporalure / °C

Figure 7. DSC thermogram of 1EPs. 2,4-TDI-based:
2n (dotted line); 2,6-TDI-based: 2b (—+—), MDI-based:
2¢ (solid line).

taken as the midpoint of the change in slope of the
baseline and TA,h was taken as the initial point of
the change. 7%,° from the DSC curve in 2a, 2b, and
2¢is —52, —61, and —58°C, respectively, and the
order of T,* is the same as obtained from DMA.
T, " in 2a, 2b, and 2c is about 200, 210, and
200 C, rcspcctnvely Wegner et al.?% reported that
T,* of PTMO was —60°C for the 55 wt % PTMO
copolyether ester, having a poly(tetramethylene
terephthalate) hard segment and a PTMO1000
soft segment. The PTMO content in 2b and 2c is
58 and 55 wt %, respectively. Accordingly, the
results on T,° suggest that the mobility of the
PTMO segment of 2b and 2c¢ is at the same level
as that of the copolyether ester. 2,4-TDI-based
IEP (2a) shows in Figure G that the storage mod-
ulus drops significantly above 50°C and another
transition appears at 80°C. T,° of 2a is minus;
55°C and higher than that of 2b and 2c. Sper-
ling' described that the irregular structure of
asymmetric 2,4-TDI should inhibit ordering of
urcthane hard segments, and subsequently the
hard segments did not produce significant chain
alignment. These results on 2a also suggest that
ordering of imide segments in 2a is also inhibited
because of asymmetric 2,4-TDI residue and there
is a substantial amount of phase mixing in 2a.
The transition at 80°C for 2a in Figure 6 may be
attributed to a relaxation of the segments in the
phase mixing domain. On the other hand, there is
a little phase mixing in 2b and 2c¢ due to the
symmetry of the diisocyanates such as MDI and
2,6-TDI.
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Figure 8. TGA curves of IEPs under air at 10°C /min.
2,4-TDI-based: 2a (bold line); 2,6-TDI-based: 2b (dotted
line); MDI-based: 2¢ (solid line).

Thermal Gravimetric Analyses

A study on thermal degradation was carried out
using TGA. Figure 8 shows TGA curves under air
for IEPs (2a-c). The 10% weight-loss tempera-
tures (T',) for 2a, 2b, and 2c¢ is 343, 360, and
374°C, respectively. T, of IEPs and polyimides
prepared by different synthetic methods is sum-
marized in Table IIL2%7,, of IEPs prepared

Table IIL
Elastomers, and Polyimides

IMIDE-CONTAINING ELASTIC POLYMERS 7

ess/ MPa

su
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Figure 9. Stress-strain curves of IEP’s at room tem-
perature. 2,4-T'DI-based: 2q; 2,6-TDI-based: 2b; MDI-
hased: 2c.

from PTMO depends upon flow gas species and
PTMO content in the polymer. 23 Therefore,
T'o should be compared under the same flow gas
and at the same PTMO content. T'jg under air for
2,4-TDI-based IEP (2a) is 343°C. T';p under nitro-
gen gas for imide—urethane polymers prepared
from PTMO, 2,4-TDI, and PMDA, is 330°C for 68
wt % PITMO, 375°C for 48 wt % PTMO.?! T}, of

Comparison of 10% Weight-Loss Temperatures in 1EPs (2a-c¢), Polyether-Urethane Imide

Composition Measuring Conditions
Soft Segment Ieating
PPIMOI000 Ty Rate
Class Hard Segment (wt o) (°C)  TFlow Gas  (°C/min) References
2a Pyromellitie/2,4-TDI1 58 343 Air 10 This study
2b Pyromellitic/2,6-TDI 58 360 Air 10 This study
2c Pyromellitic/NDI 55 374 Air 10 This study
Polyether-urethane
imide elastomer Pyromellitic/2,4-TDI 68 330 Nitrogen 20 21
: 418 375 Nitrogen 20
Pyromellitic/MDI 61 326 Air 6 13
Polyimide Pyromellitic/ODA 0 570  Dry helium 6 22
Pyromellitic/MDA 0 540 Dry helium 6
Pyromellitie/MDI 0 570 Nitrogen 9 23
Pyromellitie/MDI 0 520  Air 9
)O 0]
@‘NMN'Q 400 Air 6 24
0] 0
i
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Table IV. Gel Fraction of IEPs (2a-c¢) Afler One Week Immersion

DMSO Ethanol DMSO ISthanol
No NMP at 25°C (wt o) Hexane NDMP al 60°C (wt Go) Hexane
2a 98.3 990.2 99.7 99.6 0 97.3 97.6 98.8
2b 99.3 99.6 99.6 99.5 206.5 99.5 99.5 99.6
2c 99.8 100 99.8 100 92.2 98.7 98.9 99.4

24, having 58 wt % PTMO, is at almost the same
level as that of the imide—urethane polymer. T,
of MDI-based IEP (2¢) is also at the same level as
that of the imide—urethane polymer prepared
from MDI.*® There is no difference in 7'}, under
air between the IEPs prepared by the synthetic
method described here and the imide—urethane
polymers. Ty of IEPs under air is considered to
depend upon oxidative degradation of the PTMO
segment, which is the most unstable segment in
the polymer as T, of polyimides and its model
compound are higher than 400°C under air.*"*!

Tensile Properties

Figure 9 shows stress—strain curves for IEPs (2a-
c¢). Stress—strain behavior for 2,6-TDI-based IEP
(2b) and MDI-based IEP (2¢) is similar to that of
the copolyether ester composed of poly(tetrameth-
ylene terephthalate) hard segment and PTMO
1000 soft segment.?® Deformation at low clonga-
tion (about 10%) is largely reversible for 2b and
2c¢. At greater elongation, a drawing process oc-
curs in which the imide domain might be reorga-
nized. The process continues up to about 300%
extension. At strain beyond about 300%, the
stress may be influenced by ordering of the PTMO
segment. The considerable permanent sct is ob-
served on the tensile test specimens after break.
On the other hand, 2,4-TDI-based IEP (2a) shows
no clear drawing process because of its phase-
mixing structure.

Solvent Resistance

IEPs (2a-c) were put into various solvents such as
hexane, ethanol, dimethylsulfoxide, and NMP at
25°C and 60°C for 7 days. The samples were dried
at 80°C for about 15 h and at 150°C for 40 h afler
the immersion, and the gel fraction was obtained
from the residual weight of each sample. Gel frac-
tions thus obtained are shown in Table IV. 2a is
completely soluble, 2b is partially soluble, and 2¢
is practically insoluble, in NMP at 60°C. IEPs

(2n-¢) arce practically insoluble in hexane, etha-
nol, and dimethylsulfoxide. Detailed comparison
shows that 2,6-TDI-based I1EP (2b) has the best
solvent resistance for ethanol and dimethylsulf-
oxide.

CONCLUSIONS

The imide-containing elastic  polymers with
PIMO soft segment were successfully prepared
from elastic polyureas and pyromellitic dianhy-
dride (PMDA). Their mechanical and thermal
properties and solvent resistance were investi-
gated. Elastic polyureas prepared from the con-
ventional diisocyanate and a-(4-aminobenzoyl)-w-
[(4-aminobenzoyl)oxyl-poly(oxytetramethylene),
reacted with PMDA in NMP at 165°C for 3.7-5.2
hh to give the imide-containing elastic polymer
(IEP) solutions, in which the polymer also con-
tained amide acid group. We assumed a mecha-
nism of the reaction via N-acylurea from the iden-
tification of the amide acid group. NMR analyses
confirmed that IEPs having an imide hard seg-
ment and a PTMO soft segment were obtained by
the thermal treatment at 200°C for 4 h in vacuo
after NMP was evaporated from IEP solutions.
Dynamic mechanical and thermal analyses
suggested that microphase separation between
the imide segment and the PTMO segment oc-
curred in IEPs prepared from 2,6-TDI and MDI,
and that there was a substantial amount of phase
mixing in IEP prepared from 2,4-TDI. IEPs pre-
pared from 2,6-TDI and MDI showed excellent
tensile properties, and good resistance for hexane,
cthanol, and dimethylsulfoxide. IEP from 2,4-
TDI was completely soluble in NMP. The syn-
thetic method to obtain IEP via elastic and high-
molecular-weight polyurea is of great values for
utilizing the conventional diisocyanates.
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TEMPERATURE DEPENDENCE OF PARALLEL LUMINOUS
TRANSMITTANCE FOR POLYURETHANES PREPARED FROM
NORBORNANE DIISOCYANATE AND HYDROXY TERMINAT-

ED POLYBUTADIENE

Kiyotsugu ASAI, Shin-ichi INOUE and Hiroshi OKAMOTO (Department of Applied
Chemistry, Aichi Institute of Technology, 1247 Yachigusa, Yakusa, Toyota 470-0392,

Japan)

1. #

KB Ru R 74 o > (HT-BD) ZH&Y) 7
L 7> (PU) oiEWIEZ Gl 5 7260 Ry
ZeWRZRBNRIT & A &Y, i 5 1%, HT-BD
FPUDBAMEIC KT B — Fw 7 22 F DK
DWMERET L T B%n T, I3—T 4 > 7§
DR E L ThRaERRFEI NI Wikt 24 Y
7+ —F(NBDI)*® % F iz PU @& WA
ISR L Tl THRR ) 20342 & %
FLH L7, =2 TlE, NBDIFPU ® R 74 %
T2 PEROREM LR AV TH—FThH
AAVka>r AT +—FAPDI) R & Hifg
L2k D n T+ 5.
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2,1 REBIURKYILY U DER

HT-BD i3 ATOCHEM IDEMITSU CORP.
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— 7'y (TMPI3F /T4 T A 7Rk
AP AKBELHL 2, KY 7L F 2 id R-45
HT oEfmafias 50% & L, Table 1 DI
ALl s L b & TT v g v PiERIC K
DAL 7L, B o akHc gL 72,

2.2 &) ER

PU o WHEIZ FATCALE B (T,) D #FEIS £
DEHL L 72, T, ol 2 JIS K 7105 i @& [,
2 R E R ~— L X —% HGM-2 » fi |
L, B oEA2mm, #l5EIEE30~8C TIr
- 72, EhgELLPE I %€ 12 Rheometrics 14 RSA
- AL, WEIERE—-90~50C, F in % &
5C/min, K% 1 Hz TIT- 72,

3. BERBLUEER

T Nibs & UCBEEFTERE L2 PUDY
LAES, EEEL L OSRRHES TablelicF &
TRl 7. NBDI ZARHIBHIREBRTH Y,
IPDI RREHITEHIRBE O TH - 2. N
FUEBICER L 72V vy 7 AL — i TR s
VLA EY, B LA E iRk NBDI-PU-rt
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Tablel Curing conditions and physical properties of NBDI® -PUs® and IPDI-PUs®

Curing conditions® Sol fraction” Density DSC data?® Tp Tensile properties®

No. initial  post® Tigy Tme at30C M50 Ts Ey

('C Xhr) (wt%) (g/cm?) ('C) (%) (MPa) (MPa) (%)

NBDI-PU-rt rt X 48 100X 24 5.4 1.05 31.2 33.6 75.9 8.3 18.9 180
NBDI-PU-100  100X1.5 100X46 — — - - 65.8 7.8 21.2 160
NBDI-PU-140  140%0.5 100X24 — — - - 40.3 5.7 12.0 110
IPDI-PU-rt rt X 48 100X 24 5.1 1.02 29.5 32.0 15.8 8.3 17.8 140
IPDI-PU-100 100X1.5 100Xx46 - - — - = 14.5 7.6 16.7 130
IPDI-PU-140 140X0.5 100%x24 - — - - 14.4 7.2 16.4 130

a) CH,NCO Zb/ Zb
OCNH,C,

® R-45HT(1)/1,4-BD(5.51)/TMP(1.38) /NBDI(8.68) : eq. ratio,
di-#n-butyltin dilaurate (0.04phr)

9 R-45HT (1)/1,4-BD(5.16) /TMP(1.29) /IPDI(8.20) : eq. ratio, di-n-butyltin dilaurate(0.1phr)

4 Aged for more than 2 weeks at room temperature (rt)
N Extracted with benzene under reflux for 24hr

& Measured according to JIS K 7121, heating rate : 10°C/min
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Fig.1 Temperature dependence of parallel luminuos
transmittance for NBDI-PU-rt and IPDI-PU-
rt.

wt%TH Y, HALRIGIEIZITEEL TWwd & F
Zbhd, Fig 1ICEEBLPUN T, & AELHE
EronB{%E%577. NBDIZE L IPDI Bwvg
NORED 302 5 70CHIEERKE T T, Itk &
CZfb L, IPDIRIZEBE X & Lo T, »58inL
EHEZ), NBDIRTIZEE»EL b &K
T r¥nEmEzRL:E ZALNBEKIE, FiE
“BRHREBRD)EL THEbA UM TH B T &
#iERR L 72, Table 1 IC 52 L 725E < D REAL 44
TAEBL772PUND3CIZBIT 5 T,i3, IPDI-
PU CI3RE{LIRRE & EBIRIC/INE 2 fETH B DI
LT, NBDI-PU TRBELEE B VIIE T,
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® Carried out in vacuo.

™ Measured according to JIS K 6301.
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Fig.2 Temperature dependence of the dynamic
mechanical storage modulus (E’) and the dissi-
pation factor (tand)
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Iz S8R PU 0 iFE = (E') 8 & tand #
EEAsWEERT. B REENO ST 216HE
B —80°CIHHEL 5—EBENELIKT» R 5N,
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IPDI ZT20CIKmRKEZ L OE—7FRbN
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