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Synthesis of Poly(adipate)-diol: Effect of Catalyst on the Reaction
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1. A&

Polyurethane Y5 % AFE-% & polyols WHE7] 93} dicarboxyl acid®} diol A}o]<]
fisher esterification 74 == polyester-diolS /3t th[1] & ATl A& polyester-diol FF
doll W= Fujo]l FaFs Fstr] At F71AE FUIAE 55 SulE AREEiTh
Dicarboxylic acid TolA AdHoz o] ALEH+E  adipic acid(AA)S} diethylene
glycol(DEG)E 1:29] FaH|Z Hb-SA]A, AAS] FEtho| $1X3 carboxyl 717} Z+Z} DEG
9] hydroxyl 71¢} Al 2HZ7|2 AZA¥ 3 FEol hydroxyl”]7} = diolo] A==
FE3FA T A AHE HEE-o Y AEE HE AAE 2] acid valueE SA3Fe] AlAbsHa,

o|2RE WAFHEE FAAUY. LT FLIRI GPCE Alato] Fuje] Tl we
W EES BAWH 1 REES EAsa

2. A%

A& Adipic acid (DAE JUNG,99.0%), Diethylene glycol (JUNSEIL99.0%), Sulfuric acid (PFP,97%)
p-Toluenesulfonic acid (SIGMA-ALDRICH, 98.5%), Butylchlorotin dihydroxide (ARKEMA,,98%)+
F7kel ARzl glo] AHgstalr.

AY v AAE RS A ASY] Y3te] AFQBES o] L3t 60T 1087 A= )
o] 22389 Th. DEGE Zeolite 4AS AHg3lo] 48 g gttt 10T A v
71l EdEH o] AASE T ¥, DEGE 110C 2 ddste] Fahalth. w2 %%F 110 +
3CE FAATE. BE Fulo] FYLS (CatalystAA)S] HHIE 00012 14 3}AT]
AlZbel] mhel 9E-E-E9] acid value®s SAste] ¥Hgo] MaAlE HAEE I3kl acid value®]
Hst7E gl A FCdAM AdS T8 eItk

3. 2% ¢ 1
% 12 Poly(adipate)-diol FAdHH-5-2] acid value®} H3H&o] disk A p-TSA,
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butylchlorotindihydroxide Zwj¢] @3S HFTh  Acid value= W3- E Fo wh&3f
Al @i "ol COOH 7|& F4o® st Tshqlal, dAsk&E kA ghe] upet
W3}l acid valueZF-E AAbelith. ¥b-g 7)ol = a/de] AA7F A4k DEGel w4k
H e A wbgo] R E o, AFHEo] 50%ETE AAH A adipateo] WHHS
AAZ} Zopr ifow whgo] T ARl St pTSAS ARESEHSlE dl, oF
400%0] A3EH AskEo] 97% o]*o Tesldl oy, 5459 butylchlorotindihydroxide
£ AHEshH 1800 0] Adstod = HEHEo] 85%E W7 Eeklth.

.

]

Table 1. Properties of adipic acid and diethylene glycol

Substance Molecular Structure M?;rrnl(\:{; s 1(\0/[5) ?,g) ]()ge/grsrllg})/ Appearance
White,
Adipic acid HOOC(CH,);COOH 146.14 153 337 1.36 Crystalline
powder
Diethylene Transparent
alycol HO(CH,),0(CH,),0H 106.12 -10.5 244 1.12 liquid
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Figure 1. The variation of acid value and conversion of the esterification between AA and DEG at
110C. (e, Sulfuric acid (0.0004524wt%); m, p-Toluenesulfonic acid (0.000530wr%); @,
butylchlorotindihydroxide (0.000684wt%); A, no catalyst)

a9 2+ WHE A9 AASF DEG &3tE(=H]=1:2)3 ¥kg $ A ¥ polyadipate-diol ]
FT-IR data®]th WHE 2 AFejeo] "ke-E38tE 9] [R chartol]l A HoJ X 2200 ~ 3500 cm™ 9]
AA carboxyl7] 9] OH ¥ 37} ¥H& Fo &= 3430 cm'ol A 12 ¢S OH A= A
w1730 cm™ ol A adipate®] C=07] 3|37} AW3tA e

Ago| A 73 [COOH)/[OH]=0.53 p=0.975%E Carothers equation 2] (1)°] %83} 7
28k poly(adipate)-diol 234 =2 ZF%‘EZSLE(D_EL)% 2.90]t}, o] D_Pn%):ﬂ- adipic acid<}
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DEGEZHFE AYE diol APES HLIFALAH M, = 108)2=2HE  Aite
poly(adipate)-diol 4 &2 $HaEA=H(M )L 3130 AT}

— +
P - 1+r )
1+r—2rp
Carothers equationS.ZH-EH AMtE $FHATIE o= F4¥ AA9 DEGY WS-
scheme> o}&fje} o] FAHTh
0 HO OH
n HO)K/\/YOH + 2n \/\O/\/

o)

. 0 o

H e HO—(CHy)yO—(CHy),- {— —(CHy)s-C- o—(CHz)z-o—(CHz)z-o]LH + 5.8 H,0
2.9

1% 32 GPCE A3 poly(adipate)-diol®] FAIHS HAAFv, HAEEAF 317, 479,
680, 1142914 poly(adipate)-diol®] ¥ FA7} SAEY oW o5 uAE59 HA FHFEAZ

2 579014tk o2 FH AR 313 MY A BA SHA = 317, o] 9=
o] WAL thE u 70 HEte] grt. AAS FEFe] DEGEFE] A== poly(adipate)
diol< fisher esterification 4= <]ol| transesterification w2 HAZZE dojyr, o=
poly(adipate)-diolgl THE FEFE T e EAFo] dd R o §A FExEHE A
o2 FAHHY.  Transesterification®] &3t F3Eo} WAEF, 1 ¥ oish AF= dA|

A3 Folu.

Figure 2. FT-IR spectra of
100 Poly(adipate)-diol . (AA+DEG) mixture before
o / esterification and the

S 9 A . .
S (AA+DEG) | poly(adipate)-diol product.
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§ 2] = M Mp M U=z Mz+l M D IV
1 |Peak050101 1142 geg 1226 1361 1E18 N/h| l.08z34 Nik
Z |Peak05010Z 680 651 687 £94 700 Nsh| 1.00337 ik
3 |Peakns0l0z 473 E0g 484 489 494 Nsh| 1.01074 Mik
4 |Peak050104 217 224 az0 224 3z8 N/A| 1.01z17 Nik

Figure 3. GPC data of the poly(adipate)-diol synthesized with p-TSA at 110 °C.
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