Polymer(Korea), Vol. 36, No. 6, pp. 693-698
http://dx.doi.org/10.7317/pk.2012.36.6.693

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

7sstE Alg|7hol BHXE Al
L-lactide H3a =g}

s71345HEE8 0I8E
sy o7

X - oYt
Tt skskget
20124 5€ 319 4, 20129 6¥ 11 A€

2=

20129 3¢ 8¥ He,

Bulk Polymerization of L-lactide Using Aluminium Organometallic Compound
Supported on Functionalized Silica

Ji Yun Yoo and Young Soo Ko’

Department of Chemical Engineering, Kongju National University, Budaedong 275, Cheonan, Chungnam 314-701, Korea

(Received March 8, 2012; Revised May 31, 2012; Accepted June 11, 2012)

=2 BA39] polylactide(PLAYE 583171 $158+ed aluminum isopropyl oxide(Al(O-i-Pr);)&

ofl7|2 %W 7Eshd A7t GXEtL o]& FujE o]&ste] AAE PLAS FHEAS G EAF
vl wA g7 8 o715 zhe ATSFER 7158 F Al0-i-Pr)s in-situ F73SIATE 7155710 ©A
H Al(O-i-Pr);= MAO(methyl aluminoxane) £A13tl THEdS AT 115 °CollX = EH 758k o717 Yol
Z71ERE Ae 3 EAleko] S7181992, 130 °CollMe ®W 7153k opulr|do] Z71eE Ases 114Es
ou Balgke I Zrlste] 39 7153k obnlz]ko] 3.0 mmol¥ 7% 44000 g/molE 71 H& BalEES A9)
t}. GPC curveE 53l 115°C SH2TolA e A EETXA0] bimodal FEjolA AEAlF Fito] AA F7ist
o] shoulder FEIZ W3}s19o™ 130 °CollAE GPC ©AdHIE Bt} #UA Al(O-i-Pr); SRt} olvl7|=2 1
A 753k Azt GRAE AlO-i-Pr);, 7t ¥ B2 47 a8 Ze] PLAS AT & IdTh

Abstract: In this study aluminum isopropyl oxide (Al(O-i-Pr);) was supported on the amine-functionalized surface of sil-
ica to synthesize high molecular weight (MW) polylactide (PLA), and it was tested for PLA polymerization behaviors.
A silica was funtionalized with silane compound having amine groups, then in-situ treated with Al(O-i-Pr);. Al(O-i-Pr);
attached to amine group on silica showed activity only in the presence of MAO (methyl aluminoxane). At the poly-
merization temperature of 115 °C, the conversion and the MW of PLA were increased as the amount of silane was
increased. At the polymerization temperature of 130 °C, the conversion was decreased while the MW was increased dras-
tically and reached to MW 44000 g/mol when the amine concentration was 3.0 mmol/g. A bimodal type GPC curve was
shown at the polymerization temperature of 115 °C. As the amount of amine group increased, the peaks of GPC curve
were merged. At the polymerization of 130 °C, a unimodal GPC curve was shown. Al(O-i-Pr); supported on amine-func-
tionalized silica was able to produce higher MW PLA with enhanced activity compared to homogeneous Al(O-i-Pr);.

Keywords: PLA, surface functionalization, silane, amine, aluminium complex.
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Alek, A2]7H(XPO-2412)= Grace davision®l| A 315
3L 71 EE/3E Table 19 YeERH ATh F0i <l Al(O-i-Pr);
(aluminum isopropyl oxide)2} A2HSIFHE] N-[3<(trimethoxysilyl)
propyl]ethylenediamine(2NS)= AldrichollA] Faiate] A g1
o] atiE A3 E. MAO(methyl aluminoxane)y= Albermale
oA Fiste] A glo] A&ttt TREAIQ] (3S)-cis-3,6-
dimethyl-1,4-dioxane-2,5-dione(L-lactide}> Aldrichol|A] “g#|

Table 1. Surface Properties of Silica

BET surface
area (m%/g)

Pore volume
(cm’/g)

Average pore

Supports diameter (nm)

Silica 550 12.5 1.7
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4~ 3ol A sodium/benzophenones 2L 8A|7F o] B
A7 & FFk] AFSEHAT SRAE Y o AFEE
dichloromethane(MC, J.T. Bakery= A §lo] AM&alsicth. &
& 7F~E REDOX 4k~ Al A2 (Fisher)s 5A/13X A2
(Aldrichys SIHAIA T3 A4 S AAS & ARE-st
At

HHI[53}. Glove box®} shlenk lineg ©]&3le] Az]7le}
toluene(100 mL), 2NSE 250 mL shlenk flaskell B2 %
105 °ColA] 3A17F B¢t wukalgdt). ek b8 3 ethanolS
o] g3l Aollx FFgAr|=2 ozt el 100 °C vacuum
ovenollA 12417 AZ3IA T}

&K, Glove box?ll4] 250 mL schlenk flaskell 2NSZ 3% H
7153stE A 7ket v Al(O-i-Pr); (035 mmol)E ¥
schlenk lineS ©]-85197 toluene(100 mlyE ¥ 3 70 °CollA]
247 7F wEksIATE, WHE 945 T tolueneS 2 53] o] Al
3L 40°CollA 1A]7F B9F RF AZ % glove box HollA]
Hasigloh

PLA &gt =& HF3-2 glove box ¥ schlenk 7|&S ©|&
sjo] A £$17] slellA Z13YsItE. Glove boxollA] L-lactide
oF #dA Fr Ee gAEY EEE 20 mL vialll ¥
Ttk Schlenk lined ©]-§-3to] A2 £917] slollA MAO

g glo] ARgets e, Sl ARS-E toluene(J.T.Baker)
7

=2l AT AE &
A E JFAHRT|R g & 2 A=A FT SR
2 ) 2217 FFEE 115, 130°CE ¥ssieitt.

£X ol BN B2x12kS WatersAHe] Breeze EE 2 o|A]
RI Detector(waters 2414)5 AF&-3F GPC(gel permeation
chromatography) ©|-8-3f Z43lth. 0]/ tetrahydro-
furan(THF, J.T. Baker, HPLCH), & £5%+ 1 mL/min®|%}
o ZY-e 40°Col A WatersAHe] styragel HR 4E THF
7.8x300 mm column3} styragel HR SE THF 7.8x300 mm
columng ARE-3FATE. 412 polystyrene standards ©]-8-3}
o calibration curves 2H/Jgk § AR&alth EEA 2
DSC(differential scanning calorimetry, TA 2010)E AH8-3}¢]
200 °C7HA] 10 °C/min®] & H$E= 12} scanste] Eolg
(thermal history)S §lolaL 5Let &= WA thA] 10°C/
min®] & £E2 22} scandl] DSC curves do] HIE
=733t PLAS] +ZE4-& FTIR spectrometer(thermo
scientificC, Nicholet 6700)2 ©]-&-3}it}.

Zn o =2

2 AFoM= PLA T8 Sul= on] ®ol <&zl Al(O-
i-Pr)yS o}l7] zhe A@sgEE 39 7)sskE Al
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Table 2. Polymerization Results of L-lactide Using Al(O-i-Pr); as Catalyst’

Al(O-i-Pr); MAO Time Conversion M, PDI T
(umol) (Al mmol) (min) (%) (g/mol) 0
10 0 120 0 - - -
20 0 120 0 - - -

40 0 120 264 15400 1.08 164.7
80 0 14 242 9000 1.13 S
15 0.3 10 7.5 2 2 2
0 0.3 10 0 - - -
“Polymerization condition: L-lactide=2 g, temperature=130 °C. "Not determined.
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Figure 1. Coordination insertion mechanism of L-lactide using Al(O-i-Pr);.
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2Rt o] o] g3t AAFE PLAY T 54 &
2t o5 Fal ofwlr]el FEE AlO- l-Pr)34 E
AL A E ST} Al(O-i-Pr)2] wd Al Aejole SEA
olIZ|Z EH 7]EskE A7l @XE Fule PLAE =
SHEAS Blwalr] fal AlO-i-Pr),S #9A & ALg-3}
of 333 A= Table 29 UYERHAT 7UA Eoj=
Al(O-i-Pr);& ARE-SF A3 Folf T o] 20 pmol o] &kl A
S Kol %o} 40 pmol oWoﬂAﬂ Z% g4e B

Rom, Zuf FlEko] 402 80 pmole] B¢ AeLoE
tﬂﬁ]’ﬂ’ u}\ﬁ T’:X]' 3 7]'5\—01‘*1:34\0 g ]’ 1jr /Kg}‘%
PLA E2-2 9000~15000 g/mol 5 ]mu} T3 #UA
o] MAO -7 Zfo] 2 Q1gh Fulj &S vlwstr] fIsh
ZIAI7HE 10 mine 2 A 5te] EA|SEA] &2 15 pmol2]

.
61—6‘]_

Al(O-i-Pr);2} 0.3 mmol-Al2] MAOZE 7Fo] Algsle] &

-%1—

Az} 7.5%9 AE-S HAT, 0.3 mmol-Ale] MAOT AL

sl 7Afolle THEES Holx] ¥t Al(O-i-Pr)= ©l
/3 L-lactide 33 " 7k 3 Figure 19] YeRH AT
Al(O-i-Pr); Full = gefol =] 7t2HE 7|9} FS 28-S Al
2o 2 JNESkgo] MEe Aoz & deA )
Table 3| o}WI71=2 ¥ 7]53ke de|7ll &= el

Table 3. Chemical Compositions of the Catalysts

Catalyst name ([:rln(fl(;gzz)

Si0,/Al(O-i-Pr); 319.3
Si0»/2NS(1.5 mmol)/Al(O-i-Pr); 288.5
Si0,/2NS(3.0 mmol)/Al(O-i-Pr), 279.0
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Table 4. Polymerization Results of L-lactide Using Al(O-i-Pr); Supported on Silica

Catalyst (moh)  (umo) (O (i o @mo PDI &
0 0 130 120 0 - - -
1.5 0 130 120 0 - - -
3.0 0 130 120 0 - - -
i 0 0.3 115 120 6.1 23300 1.56 -
, All(%z_/ 121;33 0.3 130 8 74.2 29800 1.35 147.8
> 0.3 115 120 7.7 23800 1.58 -
0.3 130 12 53.2 30400 1.33 =
0.3 115 120 17.4 29500 1.31 151.7
30 0.3 130 13 28.9 44000 1.31 144.4

“Polymerization condition: L-lactide=2 g, catalyst=50 mg. *Not measured. “Not determined.

MAO MAO
HZ é H2 §
o N
ot i O
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NH or NH \(
Hsco’/s' H3CO//Si\
OH o O OH 0 ©

Figure 2. Ring opening polymerization of L-lactide using SiO,/2NS/Al(O-i-Pr)s.

Al 35S ICP 4 A3E Fal VeI Azt 59 7]
3= 2138 ol 7]%S 0, 1.5, 3.0 mmolE W3IAIA Al(O-
i-Pr);S ©A, SAiE FsIGIT ATl g@XE Svie] Al
SRS 279~319 pumol/g-catz ¥H 7153 ofFl7|e] F
71 wt G| Eje] Al RS 2 W) giich
o715 zte AEslgER ¥H 7153k Akl gx
H Al(O-i-Pr)s& ©]83F L-lactide WI55 ZA7R= Table 49
el AEE S32ms 1159 130 °Colr Ao, 5
AR 2A17F ol it S A o712 EHW 7153t
B A7t gAE Al0-i-Pr); AAe S-S 2HA] 29k
MAOE A3 73-9-ellvh Z3t &S BTt Figure 2] 4
7ol SR E AlO-i-Pr), Zvf 2] e F%9} o]of W L-
lactide S WH&-& VERI oW He]7te] EAE Al(O-i-
Pr); Zv S o]8-3 W7FUE-2 Figure 13 Zo] gelol=g]
7tE2Rd7]9} S AHE-S AlRte R TS gukgo] FaE=
Zo= At $9 259 Agrt 1 75k ol
712 ¥ste] W& S A3E Figure 30 YER AT
Al(O-i-Pr); F1l= Alo] ofR1 7] 9] H]F-fapgate] szt
85 Foll ofl7lell FAE o] Fx7F fAIHM oFHA ofvl
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Figure 3. Change in the conversion as a function of 2NS amount
used in polymerization.
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MAO7} Al(O-i-Pr), Rt T 73gh Fo]2Aik A= Q13 O-
i-Pr 717} ©&E 3 Al9] vacant site@} EElo]=2o] A2
o] 7ksste] MEFENESo] HP== Ao Z o dHrh
Ag)7} 3l 7158 ofl7 %] TS 115 °Cell
A= AZE opqle] Fo] 034 1.5 mmol HH A A2 A}
3o 3.0 mmoldw= 9+ F7F8ISITE. 130 °Collx= A
27} 3 71sshE ofRl7|ge] SRS Aggo] A
st webA] o717t SUtEE T T Ags
z10)7}F & 748189, ©]& 53l Al(O-i-Pr); S0} 115°C
ST 71EskEA] §4aL OHZIRkS: Zh= Ael7ke] &
ol F&Ee] e Sl E SAsUR7E 2 AL
Tt ot 1 75k oftlr|Ye] SrtEel ulet
FTHEEAA AZHE A7t FAEE A2 EAsUA
7} E BAEE S oJngitt. ol& F3 Al(O-i-Pr)yt 3
W 7157191 ofR17|eke] H71A YAIA AdsArgo] EAlsh=
A& & Ak 23 o9} FsEgo] U= Al(O-i-
Pr);0] olRl7]ge] Be uf o Frlske 3e ou|eit, o]
A dojxl PLAS] EAHS 43 2™ o] & Table 49
Figure 49l eI S8 57} Y2 Al(O-i-Pr)e] A
7he] el AH F&E] Jde AT AS BAEge] 4
tHoz vglom F3tewel ¥ 7158k ofFlr|de] F
VS EAbo] A4 S8l 130 °ColA] B9 7)sskE
ofzl7]19¥o] 3.0 mmold 7Z-$- 44000 g/molE 7H4 =& B2}
Fe AU} o7 |= 2H 7)EskE Azl g AlO-
i-Pr), Ell= LA Al(O-i-Pr), S|} o}R17] 715718 2+
2] o= Azl BAE Al(O-i-Pr); S0 ol Z3h-goll A
F A F7HE Holal Qi) o]& T3l ofHl7]9] vl
AAPEE Al(O-i-Pr),°] 352802 Ale] HAAEE7F F7F
3l ©]= 3| propagation rate®] 5715} Wt Exlefo]
S7HE= Aolth, Tt ofgl7]7F UEe] B7te 9ehe o
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as000 |  —— 15T
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)
E
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s
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[
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Figure 4. Change in the molecular weight as a function of 2NS
amount in the polymerization.
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SollA FTANE O] FPS A7) ZoF AT
Aozl PLA2] GPC curveE Figures 59} 6014 vl 4= Q)
t}. Figure 59141 & 5= Q1o 115°Colx] AA3E PLAE 3%
W 71535 olwl7|ko] =718 E bimodal & El oA
shoulder FEE FAHEE340] WSl L, JitabeF
EET A2 Fio] AR Srkskdth vk,
Figure 6914 & 4= 9150] 130°ColA A E PLAS] 4}
F GU AR )EshE oyl SUHdE & EAbE
© 2 shiftstltt. Figure 20 Yebd A3} ZFo] Aejzte] &
A ® Al(O-i-Pr); Z= MAOO &J&ll 0-i-Pr717} &2t= 22
T2 0-i-Pr7]€] s2atel] w7 Il o] ddFow Foo] 1
Yul= 207 =) a2 Qs 115°ClM = F 7he) &
Ao 2 HE AAsi= EAk] propagation rate/termination
rate?] 2}o]7} EA|Et] bimodal FE| Q] BAFEEFAS B
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r T T T T 1
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Figure 5. GPC curves of the PLA produced with Al(O-i-Pr);
supported on silica at 115 °C.
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Figure 6. GPC curves of the PLA produced with Al(O-i-Pr);
supported on silica at 130 °C.
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Figure 7. FTIR spectra of PLA produced in bulk polymerization at
130 °C.
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18Tt
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= MAO &A] slolA] AL BT 115°CAME &
W 7158k ofRl7|Ye] T7FE Mg} EAkRke] St
3L, 130 °CollXlE X9 7153k ofgl7|Ye] TS
Agkgol] oF 20%¥ st o, EARS Frlske] W
7153k olwl71%ko] 3.0 mmold 7A-$7F EAEo] A F
71sled 44000 g/molZ 7HE =& A AU GPC +
Al AF 115 °CollM = FAREE 341 °] bimodal & Ej ol 4]
ARz} o] =A] Z7Fske] shoulder FENE W3}a}3lo.
130 °Coll = SduA FEjE BT o|= <13l Al(O-i-
Pr)sS #USulE o]g3le] ¥ PLART A7l A
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