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ABSTRACT : We synthesized polyester-diol containing Cloisite 30B which is exfoliated during the synthesis. First, esteri-
fication was conducted with excess adipic acids and two 2-hydroxyethyl groups of the tertiary ammonium tethered to Cloisite
30B silicate layer. Due to the small molecular size of adipic acid (d~=3.0 A, L=9.3 A), it penetrated into the interlayer
of Cloisite 30B, reacted with the 2-hydroxyethyl groups, and produced the tertiary ammonium that has the two ethyl-ester
adipic acid groups, one methyl group, and one hydrogenated alkyl group. Through the esterification, the molecular size
of the tertiary ammonium increased and as the result, the basal space of Cloisite 30B increased from 18.4 A to more
than 58.3 A. The produced ethyl-ester adipic acid and unreacted adipic acid reacted with excess diethylene glycol
([COOHJ/[OH]=0.6) to be polyester-diol. The COOH conversion calculated from the acid value of the reactant mixture
was 94%. The number average molecular weight and PDI of the produced polyester-diol were 830 g/mol and 1.2, respectively.
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Table 1. Chemical Structures and Physical Properties of the Raw Materials

Molar Mass M.P. B.P. Density
Substance Molecular Structure (g/mol) C) C) (e Jon) Appearance
.. . White,
Adipic acid HOOC(CH)sCOOH 146.14 153 337 1.36 .
Crystalline powder
Diethylene glycol HO(CH,),O(CH,),OH 106.12 -10.5 244 1.12 Transparent liquid
Dimethyl formamide (CH;3)NCOH 73.09 -61 153 0.94 Transparent liquid




Synthesis of Polyester-diol and Exfoliation of Nanoclay through Esterification between Adipic Acid and Diethylene Glycol 449

Asto] ¥ Foll DMFE A A7} 324381 LdojuiA] =
ZAs o F 2 3akS 1.5 wi% A 718F3A T Cloisite 30B
A Aol E F3ke] 23hd bR E< 9] 2-hydroxyethyl &) 3] =
21719} adipic acid®] 7F25417] Afo]2] o ~H| 23} WEg-S
ANkgo® FEsH] A8l FALER] ES s doA
AABIR 0 o] ¥ DMFE FU 2] 80% ©]4o] #1A
Holtk WHeFE Tl AYES AT ool 48 AI7F Az

a3tk
3. E2/0I2EIZ ClE &Y

Diethylene glycol®] B/ 1= WES71ell $12] FAollA] wk=
Cloisite 30B7} B}#] % adipic acid £3E2 F43}aL 140 Coll
A o 2HE JS X1BAIZAE 1 mole®] adipic acid & 2
mole?] diethylene glycols F%13t° adipic acid Y] 3]=
Z2717F 242} diethylene glycol® o ~E| 272 1A H diol©]
AH =S T2t SR S 1.5 wt% AHE-3FeIT
Adipic acid®} diethylene glycol®] |~E] 23} WFg-& AHnk-g-0
2 fsl] 218 A olgsto] FAEER! =& A7k
ol REGAIZ e whet whE-7 U)o RES-AYY £ acid val-
ues F3lo] WHeHe) JrE Hslal acid value2] W3H7b
e AlHelA W& TR

I

4.2 A

Ho

Adipic acid®} E2] &0l 4 Cloisite 30B2] &3+ 112&
X-ray Diffractometer(PHILIPS X'Pert Pro MPD, 715719} 40 kV,
30 mA, angel W3} 0.02)E AHg-sto] 5733t Adipic acido}
diethylene glycol Ale]e] WHgZAIZE YA oAHETE
FT-IR(Nicolet 380)& AH&-sto] &Ik om, o A8 = Rk
o] Y= A5 HH- A E = COOHL acid value=
T-akith BES-E-¢] %= Brookfield F =7(LVDV-D)Z ©]
ool S8t e E2]82] A GPC(Viscotek
TDA 302)F ©]-&3to] St o o] ghs o] & WA #

3} v waelet.

il

m Zaf ¥ oz
1. Adipic acidoi| 2|t Cloisite 30B2| giz|

Cloisite 30B°| £+43] vte]wo] wdskA] FAHE Elol
HE e 58 wE7] 93 A 9|2, DMFS} Cloisite
30B =3t=ol| adipic acidE T3kl 130 TellA] ¥HEA| AT
(DMF + Cloisite 30B) &30l 4] Cloisite 30BL] FAlE&-
10 wt%°]™ adipic acid F% $-°lli= Cloisite 30BS] -Alt&©]
43 wt%= Stk Cloisite 30BS] bulk density”} 0.228 g/em’

2 9@7] witel] RES7|dell T Al oFo] AlgHA o] =
= Cloisite 30B2] OH==°f] 13} adipic acid®] COOH <7}
o EAstt £ A3 oA+= adipic acid$} Cloisite 30B
Z o]Folx H-3-E2] %7] [-COOH)[-OH] H] = 10022 4]
SFATE Cloisite 30Boll X188 FEH<3 2] 2711] 2-hydroxy-
ethyl 717} 242} adipic acide} ¥H-5-3F0] o AHZ7| 2 AFE o
ofFdcto] 71282715 7}A]+= ethyl ester adipic acid Y EFS
o] AAEM, Hhs F5 Folx & Foll 3=k COOH]
7F vk AEE EA1S

Figure 1A ~ 1F:= (DMF + Cloisite 30B) &%=} adipic acid
£ 99 eq. FHFO 7 TSl 130 TollA wHshy A7ko] uh
2} Cloisite 30B2] 22| A0 E F7F 7HA0] YoA&= AEE
XRDZ 573 A¥}o|t}. Figure 1A Cloisite 30BS DMFO]]
A TRAVOIAR 30 w7 A7) 3L A Fof 545
Cloisite 30B2] XRD A~HEH O 2 Cloisite 30B 1.2] basal
spacing At ¥ & 2 0=4.9°(basal spacing=18.4 A)ollA] 3] =1
7} 24 = 9t} 22 CollA] Brookfield 3 =42 =743 (DMF
+ Cloisite 30B) &3&2] FE+= 15,000 cps= Z3HH4 o A
At o] 285 g & &8} Cloisite 30B2] 22| 7o)
E 37 27 ®st 9lelch o] Z5-E] Cloisite 30BE =
A AR Este] Bl AI7]7] fstols B2 71AIA oy
7t Fast 7o LT} Figure 1B (DMF + Cloisite 30B)
E353} 29| adipic acid(Cloisite 30B2] -OH 3=:2] 99 Hl))
£ 30 w7F HEAIZ Al 52] XRD AFRo|th 26 7F 1.6°7 6.1°
oA ¥ =7} BojXt) 20=1.6° 3]d5+= d-spacing 55.1
AR 184 A°]3ld Cloisite 30BS] AZ]A0IE F37F 714 0]
A golFek vk % 130 CollA] (Cloisite 30B + adipic
acid) &3=2] =7} (DMF + Cloisite 30B) &3H=2] H%Ql
15,000 cps(@22 C)H.th & 25 7ebebd, d-spacing®] &7
< Cloisite 30B¢]l 28 2] H.r}i= adipic acid”} Cloisite
30B2] AZAOIE Z Alo]& S97} Cloisite 30B2] -CH,CH,OH
719} RSk S 7HA S W3l Ayt ¥k 20=1.6]
Aol 94 e Al wet b Skl 53] 3 ARE
A3} Aol F7F 7+70] 583 AR (2607} 1.5°) o ] HolA]|
W (Figure 1E) YA L% H5438] S7Fakdth 4 Altte] 3
3 Al 22 XDR %) E#](Figure 1F)2 Cloisite 30B2] A 2] 7|
O|E Z7F 3H70] 583 AR HojAA] ok uheldEds
HojFr)

Figure 2 adipic acid®] &AF=7]2} adipic acid”} Cloisite
30B2] AgAlo|E F1tel] HFate] 3k 1HAS Welal vy
A7) B A Colt) Hartree-Fock EAHE 222 ALg-3}o]
AAEet adipic acid®] T4 AT ol 247 3.0 A9t 93 A
= basal spacing®] 58.3 A(20=1.5°)=Z YA adipic acid”}
Cloisite 30BS] A 2|70l E S3H& A A4S 4T &
St} Adipic acid #AH52] A7 F-% & monoclinic 7322 &
4] glom FFEEAT] Atolof|A] dojuh= A e os)



450

Intensity

Intensity

Intensity

Figure 1. XRD spectra of Cloisite 30B treated with DMF (A) and Cloisite 30B treated with adipic acid for 30 mins (B), 1 hr
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Figure 2. Schematic drawings of Cloisite 30B and the exfoliated Cloisite 30B by adipic acid. The molecular dimension of adipic
acid was calculated using Hartree-Fock molecular orbit model."® The hydrocarbon part of the tallow is composed of 65% CsHss,
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Scheme 1. Reaction between adipic acid and excess diethylene glycol, and the most expected structure of the produced polyester-diol.
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