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ABSTRA T: Poly(oxyalkylene-alt-oxymethylene)glycols were synthesized by reacting dicls
with dich oromethane in the presence of phase transfer catalyst under basic conditions. The
molecula: structures of poly(oxyalkylene-alt-oxymethylene) glycols were identified by IR,
NMR an¢ number average molecular weights were measured by GPC and 7, 7. and T,, of
this materials were measured by DSC. Thermoplastic polyurethanes(TPUs) were prepared
by using poly(oxyalkylene-alt-oxymethylene) glycol as soft segments and MDI/BD as hard
segments We studied molecular weight effects and structural effects of poly(oxyalkylene-
alt-oxym :thylene) glycol affecting on thermal properties. 7,’s of the TPUs measured by DSC
were found to be much lower than those from conventional polyols such as PEG, PPG and
PTMG. liesides, high and low alternating trends of 7,'s were observed according to the
number ¢f methylene groups composing oxyalkylene units of polyols. Even numbered methy-
lene grou s lowered 7, more than odd numbered methylene groups did. These are considered
as the cor formational structural effects of soft segment chains affording variations of degree
of freedon and chain mobility. Consequently low temperature thermal behaviors of TPU
scould be controlled by the adoption of synthesized poly(oxyalkylene-alt-oxymethylene) gly-
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Al 2. Polyoxyalkylene glycol2 ¥4d317] 138l
A1 diol2 EG, PPD, BD, PTD, HD (EP, Junsei
Chem.)&} dihalide= DCM(EP, Junsei Chem.)$&,
AtRo]  Zoj(PTC)E  tetrabutylammonium bro-
mide(Aldrich), g7] 271& $Is1 NaOHE& AH&3}
act. &vi2= THF, DMSO & AH&-Sttt.

TPU &4& $8iA
oxymethylene) glycolS 100 CHA 398 AF
Az3tg o, MDI (Tokyo Kasei)= 40 CoHlA oA
gale]  AMgEAT Hd3A}! BDE  calcium
hydride2 &7 xA7 & JAF FHRIAM2H, &
o) 2 = N,N-dimethylacetamide (DMAc) & phos-
phrous pentoxide(P,0s) 2 BHFAIZ] & A}EF3}
o AFEERITH

71 7|. Poly(oxyalkylene-alt-oxymethylene)
glycol & TPUS #z 3Q1S ¢34 IR(Bruker,
Model IFS-86)2 Algstaict. o el XS
KBr #elo] T ¥l o] 851t

Poly(oxyalkylene-alt-oxymethylene) glycol
2 CDCloll, TPUE DMSO-deoll ¢ FT-NMR
(Bruker, 300 MHz)& A}-88le] 72 2 AXE A
IMEQ S FIEAT

Poly(oxyalkylene-alt-oxymethylene)  glycol®]
2x1ge GPC(Waters : Pump 590, RI 410, Inte-
grator 745B)2 FF&Utt. ZFE AEEE PS,
PEGE, o|3Aczx= THF, ZYPL Styragel
HT linear$} 500 A Ultrastyragel 2718 A|Z|Z2=Z
3 Fsled AR 45 °C, 1.5 mL/min.9] £

poly (oxyalkylene-alt-
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HO-(C1),-OH +
PTC lNaOH
HO-[-(' *H,),-0-CH,-0],-(CH,) ,-OH

x=2 Polyethyleneo. y-methyleneoxide [PEOMO]
3 Polypropylene: xy-methyleneoxide [PPOMO]
4 Polytetrameth: leneoxy-methyleneoxide [PTMOMO]
5 Polypentamett yleneoxy-methyleneoxide [ PPMOMO]
6 Polyhexameth; leneoxy-methyleneoxide [PHMOMO]

CI-CH,-Cl

Fig. 1. Reaction pathway of poly(oxyalkylene-alt-
oxymethylene) g ycols.

A 0.5wt% o 52 2439,

Poly(oxyalkyl :ne-alt-oxymethylene) glycol %
TPUSl FXSAES H7Fel7] 9188 DSC(Perkin-
Elmer 7 series)-} o] 83}e] 8] Ho] 2=(T,) ¥
S=23(T)S F 9390t TPUY A% A€ 100
C, 0.5torrolA] 12417 59 opdyd F -150 C
~250 C7HA 10 C/min.o] $2&EZ fa] Aol
2= AT .

Poly (oxyalkyle ne~alt—oxymethylene) glycol 2

M. Wz7), &1:4), wH7)7b AX" 250 mLe] 3
3 Z~3¢) NaOH(2.4mol)9} THFe BD
(1mol)& &31-14 EJdg %, FF9 DCM

(2 mol)3} PTC((.05 mol) & A sl FJ3c).

e THEE <0 CollA ZHF wwks EA F
A 24A7F B0l ¥ LAFI) vl EEF HFE AN E
£ A7 YA - pIETE dHsld Adegdow
e 5 SFiL £ AASIHA DCMoz &
2% 5 25271} 0.5 mmHg] ZgstolA &5
€ 100 CT7HX] A 93] lFHA Axdt HE A
4E& dett

43 9oz EG, PPD, PTD, HDS} DCM&
BFe XA Z}H7) o}t PR E zZH= poly(oxyalkylene-
alt-oxymethylene ) glycol-S #AI3ict.

Thermoplastic 2olyurethane Elastomer2| #H4.
AL 2NN 327, 254, wRb7r F2E
250 mL 37 &k =20 #Fo] MDIE WA £t
I 8ol poly(oxyalkylene-alt-oxymethylene)
glycolg §o] 27 2% 20 ColA 4FE A3
t}. ojn} 5= 3)~40 wt% £ 3tgch. AFPAR 3
EFo) 40 C2 4 23t 1ATA] 241 B¢t ¥
28 A#A -NCO%:©7| & Z& prepolyurethane &
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Table 1. The Proper Equivalent Weight Ratio Based
on SSC

MW =1,000
SSC(wt.% ) (HSC(wt. %)

| 4 ¥ v

Polyol | MDI | BDO*
40 60 | 1.0 468 | 3.4960
50 50 1.0 321 | 2.0995
60 37 1.0 2.0 | 0.9500

MW = 2,000

40 60 | 1.0 9.09 | 7.6855
50 50 1.0 6.15 | 4.8925
63 37 1.0 3.80 | 2.6600

A HE YYES
AaRES) vge S BAkge] 10003 2,000
9] poly(oxyalkylene-alt-oxymethylene) glycol#]
of thate] 40, 50, 63 wt% 7} & kg 23
sttt AZE A1HE 3EF(SSC;soft segment
content)ol] W& FH]E Table 1o YeRAIL}.

Zot o &

glycol]
M. Poly(oxyalkylene-alt-oxymethylene) glycol
S sl WRlc2E TR ME S
PTCE o] &3l o] lt}. & AFolxe PTCy
2-& o] g3le] F242 ether bondings FH22 &
o By BTEE e EP2e RHSY
Fatol OHE ze Ao gx] Akl oF 1,0003
2,0009] ¥ FFF Ad4std TPUS #83ksitt.
ojgel sete Txsl BXFE 2A] Aol
IR, NMR, GPCE c|&3trt. A€  poly
(oxyalkylene-alt-oxymethylene) glycol®] IR spec-
trumell A= 3500 cm oA} ofddol] £x)8t= -OH
group® &4 FolaE Y F Yoy 1070

Poly(oxyalkylene-alt-oxymethylene)
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o) vrEze] Soly(oxyalkylene-alt-oxymethylene) glycol & o] 23t G744 B Saisre] 47 €44 A

Table 2. 'H NMR Structural Assignments of Polyol

Chemical
Polyol ~ Shift* Structural Assignment
(ppm)
1.89 HO-(CH,0CH,CH,0).-H
PEOMO 359 HO-(CH,0CH.CH0),-H
4.78 HO-(CH,OCH,CH,0)-H
3.62 HO-(CH,0CH,CH,CH,0),-H
PPOMO 1 g6 HO-(CH,OCH.CH,CH2,0),-H

3.57 HO-(CH,0CH,CH,CH,CH,0) -H
166  HO-(CHOCHCHCH.CH.0),-HO
3.55 HO-(CH,0CH,CH,CH,CH,CH,0),-H
PPMOMO 1.62 HO-(CH,0CH.CH,CH,CH.CH.0).-H

1.44 HO-(CH,OCH,H,CH,CH.CH,0),-H

254  40-(CH,OCH.CH,CH.CH,CH.CH.,0),-H
PHMOMO 170  10-(CH,0CH.CH.CH,CH,CH,CH,0),-H

1.38  40-(CH,OCH,CH,CH,CH,CH,CH.0),-H
*ppm from tetrameth Isilane(TMS=0);CDCl; as solvent.

PTMOMO

] —JL - |

T T T

8 6 4 2

[T

Fig. 2. '"H NMR s ectrum of PEOMOT .

em’l, 1230 cm A ZAHE o2 C-09 &5 9
ojag IsAt.

Poly(oxyalky. sne-alt-oxymethylene)  glycol9]
T%% NMRE ]88l B4, #la3irt. Table 2
= PEOMO, F20MO, PTMOMO, PTPMOMO,
PHMOMOS®] chs mical shift 23 Yepd Zlo|t}.

Fig. 2& PEO M0 I (M,=1,000)2] NMR spec-
trume 2 §=2pm BEIZA Fure] -OH7}¢]
HolzE T ¢ U™ Fe &Y AN AL
2% EG9} DCM 9] vlellz]e] Hgn)7h 2112 v
Bl e 72 2 FAEHASES AT

Zo|| #2038 A2 19963 3¢

Table 3. '"H NMR Structural Assignments of TPU by
using Poly(oxyalkylene-alt-oxymethylene) glycols as
Soft Segments

Chemical
Shift (ppm)*
1.30 NHCOOCH,CH,CH,CH,CH,CH,0CH,O
1.48 NHCOOCH,CH,CH,CH,CH,CH,0CH,0
1.57 NHCOOCH,CH,CH,CH,0CH,0
1.60/1.69 NHCOOCH,CH,CH,CH,O0CNH
3.42 NHCOOCH,CH,CH,CH,OCH,0
3.58 NHCOOCH,CH,0CH,0
3.77/3.63 ArCH.Ar
4.03/4.09 NHCOOCH,CH.CH,CH,O0CNH
4.51 NHCOOCH,CH,CH,CH,CH,CH,OCH0O
4.55 NHCOOCH,CH,CH,CH,0CH,O
4.62 NHCOOCH,CH,OCH0O
7.08/7.08 Protons on aromatic carbon atoms

Structural Assignments

7.33 Protons on aromatic carbon atoms
9.51 Protons on urethane nitrogen atoms
* ppm from tetramethylsilane( TMS=0);DMSO0-dg as solvent.

w3l o] 5 4 poly(oxyalkylene-alt-oxyme-
thylene) glycold] #x1&& GPCE o|&3l &3
atdct.

Poly(oxyalkylene-alt-oxymethylene) glycol®]
728 §4A15 PEGE ZEASE AHEsiglen, ¢
B 2zlEel 1,000 2,0000] HFss RE ™
shed ztzhe] ZejgdE I(M,=1,00003% I(M,
=2,000) & ARG

TPU 2| 8t4. Poly(oxyalkylene-alt-oxymethylene)
glycoldl TPU2] NMR #4 A& Table 3o e}
wlon, £2ZE AaHES] §2 'H-NMR AH§
ulg olgslel HEFMoz ASYTh. Fig. 38
PTMOMOA TPU2] NMR spectrumo]t}.

E Ao TPURHA AZE MIHE &)
3k SANE 40, 50, 62.7 wt% = dled FAER
t}. 28vt 'H-NMR &40 &3 4ZE AHIHE
gegulol e 24 Axvhe AP 2] 3
2 10%AE7 AZE HIHES] o] o WA
2Axch. =3 1 2 ZAE Table 40 vJEhY
itk oleis Fape) Aol ATE ATAEZ A
3 E2| 9] gue) AR XEEe] JIA] ¥ 2
2] FPEZ Hoj Y& o] st e wHgell
Folalx) Fa) HPAQ) #H XA A1 UsE
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Fig. 3. 'H NMR s sectrum of TPU using PTMOMO I as a soft segment.
Table 4. Actual Iquivalent Weight Ratio based on 100
SSC by NMR 80}
Po yol M,=1,000 | Polyol M,=2,000 ooy
SSC(wt%) SSC (wt%) o Y
; = 20t
Experimental 40 50 60 10 50 60 2
value 2 0
Actual value | 30 | 43 | 52 | 30 | 43 | 52 g -20% ——Thn
e -40f Te
Table 5. Thermal Transitions and Oxygen Density of -60F
Polyoxyalkylene ¢ lycols{ M,,= 2000] _80}
Polyol T, ‘F T, T, |Oxygen density** -100f
* — - -120 — —_ L
I;f;]\;}/[ ) -66 69 1/2 o ) 4 P 3
G -76 - 55 174 No. of CH,
PPG* -67 - -34 1/3
PEOMO -69 -37 33 1/1.5 Fig. 4. Thermal behaviors of poly(oxyalkylene-alt-
PPOMO -13 - 71 1/2 oxymethylene) glycols according to the number of CHy
PTMOMO| -90 -50 15 1/2.5 in oxyalkylene units.
PPMOMO | -65 - 31 1/3
PHMOMO| -87.2 -62 27 1/3.5

*239 datagtoll T 4 o]zt UAF
** The number of ox gen atoms per unit carbon atom in mole-
cule.

2ju) g},

Poly (oxyalkyle te-alt-oxymethylene) glycol &
HE. Z8l29] <|x¥3a& DSCz &A1, o
2o A%E Takbe 59 Fig. 4ol Vephdth &2
oHere] AZE HIWER F2 AEHL
PEG, PTMG9} 22 tiy4 ZFe| &5l vl uf
ul23 Eglgol PEOMO, PPOMO, PTMOMO,
PPMOMO, PHN OMOE Aol3 EAF 3¥& 2
Aot
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olg9 Fx: HIETEV}L oxyalkylene{R-EF
oxymethylene 2202 FAE = v} A& 4ol
Ales] My Eo] gAo] BAE oxyalkylene-ge
alkylene ©$18 TAstE Mg 7Y ol weh At
= A4S Ushiduh &S dgEaviE Re
PEOMO, PTOMO, PHMOMO= © W& 7,9 2%
3 2% (78 Hol: whd 5 wEdr|E %=
PPOMO, PPMOMO= Ath& oz & T,9% T,
Jﬂh- T.e BAHA &1 Ao

4 wgaz Y A 2e Tge Hol:= AL FA}
%94 otzlal 7] Alo]Z ether bonds7} HIIAH O
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BT729 Pciy(oxyalkylene-alt-oxymethylene) glycol & o] 8% 47144 Z2] et A3 €4 B4

CH, CH, CH, (o) (o]
/N/N/"\N/\/
ch, o o ch, cit
(a) PEOMO
cH;, © o CH, O o
/SN/N/\N/\N/\/
chy, cff ch, cfi, ct, cth
(b) PPOMO
CH, CH, CH, CH, o
SN/ \/ \ / \ /
CH; CH; [¢] o] H, CH,
(¢) PTOMO
CH, CH CH; CH, CH;  .CH; CH, CH,
’
ch. cr{ \cé \o/ \o/ \c{ \cx{ \o/ \o
(d) PPMOMO
CH: CH; CH, O o CH;  CH, CH, CH,
AN NN NN R R R R
cf, cft, cfl, cf, ‘cfy ch, cf, cf, o o
(e} PHMOMO

Fig. 5. The poly(o: yalkylene-alt-oxymethylene)glycols chain shown in the plane manner.
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W Za oldidilz Y A 2318 Tt AsH
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bonds®] YAz} zol g A4S = Ut
Fig. 4= @43 5872] poly(oxyalkylene-alt-
oxymethylene) glycol®] T,¢} T,& EAIE Ho)
t}. Oxyalkylenef-&£2o] oeaiy] +& F3H71x]
s BE e T8 T,9 TEHEE dSE A
o7 FAb£f oxygen density’} RopELE AFst
FEEo| oty HFolx FdEAY T, -77C
(100% v1EAA B9 st 8 Aoz o
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Table 6. Glass Transition Temperatures of Various
Polyurethanes

T, Polyol M,=1,000 Polyol M,=2,000
SSC(wt%) SSC(wt%)

PUTYPEN (0] 8B [ 52 [ 30 [ 43 [ 52
PEOMO-PU |-£14 |-56 |-60 |-55.4 | -57.1 |-68.2
PPOMO-PU | 19 |-12 |-64 [-26 |-34 |-l
PTMOMO-PU | -735 | -755 | -81.3 | -85.1 | -86.1 | -86.4
PPMOMO-PU | -55 |-55.1 | -62.8 |-60 |-61 |-64.3
PHMOMO-PU | -7)9 | -747 | -825 | -716 | -76 |-87
Z gk

TPUS Y7E. Z4Zte] poly(oxyalkylene-alt-
oxymethylene) glycol®] &5 4jc] TPUd| 21U E
HigdH S8 DSC &3 Zx I & Yt
(Table 6). 7|2 9] Zd gl ad TPU B]w A
YA o ¢e 7,8 Bolx Utk £ZE AIUES
Y Bxgo] 1,0000) 2 FFeFo] 63%¢) PTMGH
TPU2 T= oF -21 C2 PTMG AlA|9] TRt} o
40 CAE & 99 A3t 209 v glow,! vt
H B AHY.] FAS poly(oxyalkylene-alt-
oxymethylene) zlycold TPUS 7§ AZE M1
AES] ggo] 52%9 F$ A FE&Y Tol <
B Ao) LEE Bolv] AT E HIWEQ] g ¥
gl W& TPU!] T, W@gle 7|&Y Sl vl
s FH}. o)ifg AP TPU 4£ZE AaWE
Heoll EFE ] %3} Qe 3t= Al LHEQ] Fefo] 2
Ay, Z Aladiizie] AHRerE @As] o] FoH S
o YeEldE 42 F, 4AZE AIHES 35
HIAEZrS] Eipgo] HEFE AXE AIHUE 2
Fe] T, wrgol )Wtz #GE 5 Ut

B AgolM 43 TPUS 739 3= A2 EQ)
LE2EY T,9 T oAt o3 AL
= AanEZ MDI/BDAE AHLE F$ AF U
Efls Zog /pRele] FZ3 (driving force)o]
gH8H QIBr-= £EE3 2¢ld 93] =B} o
FA LT Joe ARde] Byg up Yok =
TPUAA] = 2|27 EQ] MDI/BDA:= #7177
9] 2AF L vf¢ A HlE AZHE AA9 o] F
X (mobility) & o F Yo} ohdy A= E-7sta
A4 9oz YEI o]Fo| ¢ HHE Y7E
o
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. —— SSC 13
20 ¢ —e—SSC 52
—_ ~—— Poly:ceta]
o -f0r
P
-80F
-100 ¢
-120 - - "
0 2 4 6 8

No. of CH,

Fig. 6. Thermal transitions(7;) of TPU from poly
(oxyalkylene-alt-oxymethylene) glycols when MW of
poly (oxvalkylene-alt-oxymethylene) glycols 1s 1,000.

20
of
—e—SSC 30
_20 ——S5C 13
e SSC 52
= Polyicetal
_8 -40 ¢
= .s0f ¢ ¢
-80
-100
~120 —_— i L
0 2 4 6 8
No. of CH,

Fig. 7. Thermal transitions(7,) of TPU from poly
(oxyalkylene-alt-oxymethylene) glycols when MW of
poly (oxyalkylene-alt-oxymethylene) glycols is 2,000.

AZE MaMES X2t W FxED. Fig 63
Fig. 7o) 22180l 7tz 1,000%} 2,0009] £ZE Al
a9ES 72 2 e wE TAFE =A%
Aot E9EY @E 7R T4 U
oxyalkyleneg FA3lE dldal7]e] ol wet 7,9
AEo| zg-zag¥ o2 EEHE FFE B 7 At
Zt FEEZ £LE AIUES o] HY W &
ZE AaREe] Exe] ke Aled olvEE
zolEg To Aslerh. L3 2ZE AIWUES 2

o7} Z4& AXE £5o|] Fl= & U HiEAC
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