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1. Introduction

Segm onted po lyure thanes (SPUs) are m u lt ib lo c k - f-  X “  Y “J“  copolym ers which 
rons is t o f th e rm o d vn a m ica lly  incom patib le  segments. In these copolym ers. X and Y 
are soft and harcl segment sequences respective ly. Due to the the rm odynam ic 

d iííerim ces o f  th (‘ suít and h ĩirđ  SL»|ỊnuMitS' they usua lly  segrate to  form  an agrugated 
|).seiido-two-phase s truc tu re s  111. SF>Us have good b io c o m p a tib ility  due to the 
m orpholog ica l lwo-phase structurc* and consequently have found extensive 
hiomecỉical A pp lica tions [2].

The ionsh ip  betvveun tiu* s trư ctu res and properties o f the SPUs has been 
rx te n s ive lv  in ve s tiịỊ ỉite d  |3. l,5 |.

In th is  papcr \VI* present the s tudy  on synthesis and ch a ra c te riza tio n  ơf SPUs 

hnsed on m acrodio ls (po lye thvlene and po ly te tra m e thy lene  glycols), m ethylene 1.4- 
l) i(cyc lohexv l isocyanati1) (M I)C l)  and 1,4-butane cỉiol (H I))(cha in  extender). The 
rlĩec-ts o f m acrod io ls. th í ‘ i r  m o locu lar ra tios on the m orphology and properties o f the 
re su ltin g  po lynu*rs wi»re (lisrussed.

2. Experĩm ental

2.1. M a te r ia ls

Polvethylo iu* and po lv te ram eth  vlune glvcols selected fo r p repa ra tion  ơf the 
po lyure thuncs are listecl in the tab ỉe I. Before use they were ca re íu lly  d ried  bv 
azeotropic c iis t illn t io n  of thi* to luene so lu tion  and subsequent rem oval o f the 
solvent. F ig u re  4(1 shows the IK  spectrum  o f polyol PEG-2000.

The h yd ro xv l num btT  ()f po lvo the rd io ls  fo r ca lcu la tion  o f m o lecu lar weights 

was de te rm ined  hy r s t r r i í ì r í i t  ion of them  w ith  acetic a n h yd rid e  and subsequent 
t i t r i m e t r i c  a n a l y s i s  ()f t h o  carboxylic  a c i d  groups accord ing to  t h e  S t a n d a r d  

procedurc (BỊ.
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Table 1: Polyd io ls for p repa ra tion  o f SPUs

Polyol Mn '■» M n <w Tm. UC Tg, “C

PEG-1000 1207 1100 40 • 70 (very weak)

PEG-2000 2341 2070 55 •7Q (verv weak)

PEG-4000 4280 4109 62 -

PTMO-2000 2186 1950 25 •30

(a): Determined via GPC

(b): D e te rm ined via chem ica l t it ra t io n

The m olecu lar w e igh ts  o f the po lyd io ls were also ve riíìe d  by means o f gel 
perm eation chrom atography (P L colum ns, 103A°, 7mm i. d., 60 cm leng th , Polym er 
Laboratories L td , S hropsh ire , ƯK. E luent: ch lo ro fo rm . D iíTe ren tia l re flec tom etric  
detection (Model W aters 401, M illip o re , M A, USA). Data an a lys is  occurred on a 
Waters data module model M 730. Calibration was based on a peak position 
ca lib ra tio n  curve estab lished us ing  po lystyrene s tandards (M illip o re , M illío rd , MA, 
USA).

D iisocyanate (M D C I) (A ld rich  Bornem , B e lg ium ) was vacuum  d is tille d  and 
stored under d ried  cond itions in  a re ír ig e ra to r p r io r to use. The IR  spectrum  o f 
M D C I is shown in  f ỉg u re  1

•1» »•*

F igu re  1. IR spectrum  of d iisocyanate: M C D I
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1 .1-hutaiu* tlio l (A M rii lì. Bornem , lỉe lg iu m ) was d r ird  o v rr  calc ium  hydride for 
‘J  i l a y s .  ( I i s t i l l i - í l  2 1 1 1 ( 1  s t o ỉ v d  i m d t T  m l r o ^ r n .

D i b u t v l  t i n  ( l i a t v t a t í *  \v;i> u b t a i n e đ  f ro n ì  A l d r i r h  ( l ỉ o r n r m ,  h r l | 4 i u m )  a n d  usecỉ 

w i t h i ) i i t  C u r t l u T  p u n l i i  . i t m n

D im rth y l !nrm;»mnlt* <DMK) (A líir ic h  lk 'lt f iu m ) was (ir icd  over
C ỉìlr iiim  h y đ r id r  r<>r 2 <I;ìv > iind thi*n vacuum  d is t i l lrd .

2.2. C h a ra c te r is a t io n  m e thods

1R sỊHTtra Wt*rr ivco rd rd  using a Perk in-E lrrH T Model 1600 
S p e rtro p h o to m i* trr

N M K  sp c rtra  VVIMV m o n lr d  in I ) \ IS 0 ‘ (i„ usin tf U *tranu 'thv l s ilani* (TMS) as 
in to rn a ỉ s tíinda rds . on an Aspcct .'Ỉ000 spectrophotom etor.

The m o lecu la r vvei^hts and m olecular vveight d is tr ib u tio n  ()f the polymers 
YVI-n* determ ineci hy gvì ỊM /rm riition  chrom atography (W aters associates. model 510) 
at 60 c . Tht* flow  ratt* o f t l ì r  solvont. l-m e th y l-2 -p v rro lid in o n e  (N M P). was 1 
m l.m in  \  For ca lcu la tio n . monodispersed polystyreru* standards vverc uscd.

DSC th o rm o ^ra m s were recorđed on a P e rk in -E lm e r DSC' under n itrogen 
pu rg in g  (h ca tin g  ra te lO C .m in 1, IVom -100°c to 1()0"C). The u n it was equipped 
w ith  a data Processing modulo th a t allovvs suhstraction  o f the  background and 
no rm a liza tio n  fo r sam ple vveight.

2.3. P o ly m e r p re p a ra t io n

S o lu tions  o f po lyd io i and (ỉiisocyanate were prepared separa te lv  in  1)MF. 
The coneen tra tion  was app rox im a to ly  15% (w /w). A four*necked ílask, equipped 
w ith  a s t ir re r ,  a n itro g r iì  in le t and o u tle t and a thcrm om ete r, was charged w ith  the 
diisocyanaU* so lu tion . The po lye the rd io l so lu tion . co n ta in in g  0.5 wt % o f ca ta lys t 
( d i b u t y l  t i n  d iace ta te ) based on  t h e  w e i g h t  « f  t h e  reactan t, w a s  a d d c d  s l o w l y  to  t h e  

(Insocvanntr so lu tion  The m o ln r ra t io  NCO:OH was set to 2:1. T h í' reaction was 
ca rried  out at 90 r  under n itrogen  purge and vvas a llow ed to proceed u n t il the 

the o re tica l isocyanate content was reached as de term ined hy the  d i-n -b u ty l am ine 
titration method |7]. Then the reaction mixture was cooled down to room 
tom pera tu re  and thí* (h a m  extendtT  (BD) was ndded s low ỉy . T h i' ove ra ll NCO:OH 
ra tio  was 1:1. The cha in  extension rcaction  was ca rried  ou t at 90" c  and continued 
u n til a ll NCO groups were reactod, as confirm ed by the disappearance o f the IR 
absorp tion b iinđ  at 2262 em The m ic t io n  m ix tu re  was then p re c ip ila te d  in  w ate r 
and the f in a l po lym er VVÍÌS (Iried under vacuum  a t 60° c . A fte r  d ry in g  it was 
redissolved in  T H F  and repree ip itn ted  in the so lvont m ix tu re  hexane-ether (1/1). 
The copolym er prođuet was (Iried under vacuum at 60°c at least fo r 2 ciays.
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3.1 . S yn th es is  o f  segm en ted  p o ly u re th a n e s

Segmented po lyu re thanes (SPƯs) vvere synthesized by a tw o-step  
po lym eriza tion  (F igure  2). Polyol íìrs t reacted w ith  tw o equ iva len ts  o f thí* 
d iisocyanate. Subsequent cha in  extension was ob ta ined by reaction vvith an 
eq u iva len t am ount ()f 1,4-butane d io l. The íìn a l po lym er was p u rifie d  p rope rly  hv 
p rec ip ita tio n , vacuum  d ried  and then characterized. The m olecu lar vveights o f the 
SPUs de term ined bv GPC m ethod and are lis ted  in  tab le  2.

3. R esu lts  and  d isc u s io n

2  0 = C = N -«= > N = C = 0  + HO O H

0 =C=N-c
H  o

•N-CO-
o
n

O C -N < N = c=0

HO—□—OH (Chain extender)

H H O
I I II

H ( H D - 0 - C - N  t = > - N  - C O  
0

V ‘í
OC-N-c

n

F igure  2 : Schem atic procedure of segmented po lyu re thane  fo rm a tio n

Wc can see from  the  tab le  2 th a t a ll the SPUs have q u ite  h igh  m o lecu la r 
w eights and the m o lecu la r w e igh t d is tr ib u tio n  (d) is re la tiv e ly  n a rro w . The 
m a te ria ls  obta ined are s trong  ns vvill be shown in the nex t pub lica tion .

Table 2: M olecu la r w e igh ts o f SPUs

Code . Polyol ra tio Diiso-

cyanate

Chain

extender

M w d

P ư -l PEG-1000 + PTMO-2000 (1/1) M C D I BD 60027 2 0

PU-2 PEG-2000 + m i 0-2000 (1/1) M C D I BD 70815 1.9

PU-3 PEG-4000 + PTMO-2000 (1/1) M CDI BD 61593 1.8

PƯ-4 PEG-2000 + IT M O -2000  (2/1) M C D I BD 108533 2.1

PU-5 PEG-2000 + PTMO-2000 (1/2) M C D I BD 66242 2.0
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3,2. N M R  s p e r tra

Thu structurc* ol thí* SPUs ob ta ined was confirm ed bv pro ton NM R spectra. 
F ỉg u rc  3 shovvs th t' N M K spectrum  o f po lyu re thane  PU-2. W i' can seu th a t the 

spect.rum shows rk *a r l\ ih t ‘ peak at ổ = 1.6 ppm eorrusponđin# to |1-CH o f PTMO 
and íì Ị)c‘ak at ổ = 1 ppni correspond ing to «-CH . oí’ PTM O and lM ííi.

F igu re  3: 1 M -NM R speetrum o f PU-2 (PEG-2000 + PTM O -2000 (1/1)),
Solvent: Chlorotorm

3.3. I I i  ơ n a Ix s is

For con iparis ion , fig u re  4a shows the IR  spectrum  o f polyol PEG-2000. We can 
see c le a rlv  the cha ra c te ris tic  absorp tion band o f the O H -group a t ‘3447.9 cm 1 which 
was alm ost d isappeared in po lvu re thane  fo rm a tion  and the  e th e r group at 1119.5 
cm Bv po lvu re thane  fo rm ing , the NCO group o f d iisocyana tc d isappeared (2262.0 
cm-1) (see f ig u re  /) , bu t the re appeared tw o new cha ra c te ris tic  groups: the NH- 
group at 3323.1 cm 1 and c = 0  group at 1712.8 cm 1 (F igure  4b).

Tho po lvu re thanes are segmented copolym ers con ta in in g  íle x ib le  po lye ther 

segmonts and hard  segmonts o f isoeyanate moeties. In the  hard  segments o f the 
SPUs. hvdrogen honds ơccur due to the  in te ra c tio n  o f hydrogen atom s o f NH-groups 
w ith  carbonyl groups. In the po lye the r po lyure thane copolym ers, the NH groups 
form hydrogíMì bonds w ith  the c = 0  groups o f the u re thane  linkages m ak ing  the 
harđ segm ents gootl packoci consequently the copolym er w ell phase separated. A t 
the same tin u ỉ the hydrogen bonds can occur due to the in te ra c tio n  bctween the NU 
groups and the  oxvgen atoms o f the  soft segm ent e th e r groups. In th is  case the 
copolym er becomes kầss phase separated. I t  is known from  the lite ra tu re  IH, 9| th a t 
the IR absorp tion  o f the NH- and c= 0  groups <free and bonded) in  the SPƯs occurs 
in  the fo Ilow ing  range:
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N H- (H*bonded) -► 3200 - 3350 cm

-NH- (H -free) - > 3360 - 3500 cm

- c =0 (H -bonded) ------- —► 1700 - 1714 cm

- c =0 (H -free) ------- 1715 - 1740 cm

As wt‘ can see from  the f ig u re 4b th a t the PƯ-5 is q i ite  w e ll phase separated. 
The same good phase separa tion can also be seen in the  o th e r SPUs inves tiga ted  in 
th is  vvork. The question concern ing phase separation o f the  SPUs w ill be discussed 
in more de ta ils  in the pa rt II.

F igure  4. IR  spectrum  ơf po lyo l (4a) and po lyu re than e  PU-5 (4b)
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4. C o n c lu s io n

In th is  study. thi* synthesis and cha rac te riza tio n  o f po lyuthylune and 
polytet ran ic t h v lrn c  tflv ro l lỉỉised SPUs were described. Th iĩ s tru c tu re  ()f the SPUs 
o h ta iiu ‘(l was con lìrm cd hy tlìi* N M K and IR  spectra. I t  VVHS shovvn th a i the selected 
s r u s  to r th is  s tiií lv  híicl ( Ị i i i lc  goođ pha.se separation.
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TÓNCỈ h ợ p  v à  k h a o  s á t  t ỉ n h  c h ấ t  c ủ a  c á c  p o l y u r e t a n  p h á n  đ o ạ n

(P h ẩ n  1: T ô n g  hợ p  và  k h ả o  s á t t ín h  c h â t )

P hạm  N gọc L ã n  

T rung  tám  nghiên cứu polym e , Đ ại học Bach khoa Ha Nội

E. S c h a c h t

Tập đoàn nghiên cứu vát liệu  polyme sinh học. D ạ i học G hent. B i

Bài báo để cập vế nghiên cứu và khảo sát tín h  chấ t của các po lyu re tan  phân 
đoạn trôn  cơ sỏ po lye ty leng ỉyco l và po ly te tram ety leng lyco l. Đà sử dụng phương 
pháp phố hồng ngoại (IR ) và cộng hưởng từ hạt nhân proton (1 H -N M R ) để xác đ ịnh  
cấu trú c  của các po lyu re tan  thu  được. Đã nghiên cứu ảnh hưởng của các m acrodiol 
và tỷ lệ mol của chúng lôn h ình thá i học và tín h  chất của sản phẩm  po lyure tan .

Từ khóa: m acrndio l. po lyure tan  phân đoạn, tách pha.


