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ABSTRACT

This research aimed to study the inclusion complex of cyclodextrin and glycerol.
The inclusion complex of pure glycerol and 4 types of cyclodextrins were compared. The results
showed that alpha-cyclodextrin gave the best yield of inclusion complex between cyclodextrin
and pure glycerol, followed by acetyl beta-cyclodextrin, gamma-cyclodextrin and beta-
cyclodextrin respectively. Beta-cyclodextrin was selected to be used for the next study because its
cost was much lower than others. The study of complexation techniques was also conducted. It
was found that dry mixing method was the best technique for inclusion complexation between
cyclodextrin and pure glycerol, followed by evaporation method and co-precipitation method,
respectively. These results were obtained from a comparison of the height of x-ray diffraction
peaks of inclusion complexes. The amounts of remaining glycerol in supernatant of complexation
with co-precipitation techniques after adding different amounts of beta-cyclodextrin and pure
glycerol were studied. It was found that the addition of 10% beta-cyclodextrin and pure glycerol
was best for reduction of remaining glycerol (13.6%). The study of interruption of inclusion
complexation was also investigated. It was found that addition of 0.034 mol/L NaCl with co-
precipitation method was the best technique to interrupt the complexation. An inclusion
complexation of beta-cyclodextrin and crude glycerol using dry mixing method was studied.
Beta-cyclodextrin could form an inclusion complex with crude glycerol, but gave an x-ray
diffraction peak position different from that of inclusion complex with pure glycerol. However,
when the crude glycerol was pretreated by polymer flocculation, the x-ray diffraction peak of the
complexation had similar position with that of beta-cyclodextrin and pure glycerol. Therefore, the
inclusion complex between cyclodextrin and crude glycerol need a pretreatment process for

removal of contaminants and reduction of the contaminant complexation. The recovery of pure
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glycerol from biodiesel process using cyclodextrin may be an alternative for crude glycerol
utilization and waste reduction. Anyway, appropriate technique and a cost-effectiveness

evaluation should be further studied for future application.
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o 3.0368
Tagnsang3e
3.0437
3.0247 3.0236
3 3 30 3 3.0197
3.0263
3.0127 3.0127
3 3 30 6 3.0118

3.0132

Iel



d’ a d' a = a 9 [
A15199 N-2 YSnaa1sinannmswseuasUsenousisou (919)

2 [

A losTnaiandn3u NaKKBIBA g g3/ ImAounan lsa smnamnan Anae
ABIATONANT 3 o o ) } 3
(NIN) (Vaaang) (VaaanT) (nTW) (nTW) (NIW)
Dry mixing method U89 3 3 - - 3.1325 3.1412
nalweseadufiguygd 3.1472
#oq 3.1439
Dry mixing method U89 3 3 - - 3.1952 3.1977
nalweseanuiiguygd 3.1876
10 DIFERITY A 3.2104
Dry mixing method U®3 3 3 - - 3.2501 3.2222
ndireseanuiiguugi 3.2147
80 DAY QT Al 3.2019
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d’ a d' a = a 9 [
A15199 N-2 YSnaa1sinannmswseuasUsenousisou (919)

2 [

A losTnaiandn3u NaKKBIBA g g3/ ImAounan lsa smnamnan ANy
ABIATONANT 3 o o ) } 5
(NFW) (Jaaan9) (laaan3) (M5) (M5) (NF)
Dry mixing method U9 3 3 - - 3.0691 3.0793
NAIEDIDAAUNHIUNG 3.0713
uendaluifouiigumgi 3.0974
Y
M09
Dry mixing method U9 3 3 - - 3.1047 3.1033
NALEDIDAAUNHIUNG 3.0984
uendaluifouiigumgi 3.1068
10 DA AT A
Dry mixing method U®3 3 3 - - 3.1247 3.1199
NALEDIDAAUNHIUNIT 3.1196
nendetuilouigumgi 3.1153

80 DA ALTE A

eel
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ANUIN .
1y d [y
aansumsdinnzriasaesaaousisa (FTIR)

a S ¥ 4 a e Y o aa
M3AI1EH0IA15ENDVYRIAITAIIATOINATIEHA1IA8TITDUNITUIA
¢ & ! g
(FTIR) e1u1sodnyi1enlsznouvesats lansluglveounar nagnaniune Taold
(% v Aaa d‘ ) ] 1 A % d' a 1 1 -1
alaaTuueasadaunsusandnmuen1eg as dulaasunmnalusIasenang 3300-3500 cm
[~ o A =K o ] v A a [ 1
Wumaaiuinaasdaiuse lalasauny OH (OH groups) ailaasuiinaluyieszning
- I [ { [l
2800-3000 cm” 1iludnlaasuiuanedany —-CH uaz -CH, (-CH and ~CH, groups) LA
o A a [l ! o A = i J a
anlansunnalugialseana 1650 cm” Wuanlansunuaaidarin1sueiia (Carbonyl group)

= av dy YR 4 9 v AaAa a o dy
1uﬂ1ﬁﬁﬂy1’3‘ﬂﬁlu ulﬂﬁﬂ‘]slﬁ)iﬂﬂﬁgﬂfJ‘UGII@Qﬁﬁﬂ’)ﬂi\‘lﬁ@l!“l"lﬁﬂiﬂiﬂﬁﬁﬁﬁ181‘]514?’1 PNU

100

80 -

1645.45

2885.27

2940.45

Transmittance (%)

20

3380.17

0 I I I 1

4000 3500 3000 2500 2000 1500 1000 500 0

Wave number (cm'l)

4

~ [ a 4 9 v A =S a =
AN -1 FansumsansieraIsaesgounsusa (FTIR) VNNAEDIDAUIANT



100
80 -
<
)
o 60 -
(3]
=
<
b=
£ 40 -
=
<
L]
=
20 -
3006.39 1653.59
2925.5 842 1742.97
0 I I I I I I
4000 3500 3000 2500 2000 1500 1000 500

Wave number (cm™)

A o a 4 9 v A = a
AN P-2 FansuMsansIEHaIsAesIgounsusa (FTIR) v@3NaL59500A 1

100

80

60

40

Transmittance (%)

20

1645.63
2887.21

3381.48

2942.43

4000

3500 3000 2500 2000 1500 1000 500

Wave number (cm™)
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A o a 4 9 v A = a A
AN 0-3 FAnsuMsAATIZHAITAESITOUNT UTA (FTIR) 04N IDAAUNHIUNITLEN

v 9
atluilou
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100 —
3464.98

80 -
s 3005.64
T 60 -
&
5
£ 1653.80
£ 40
wn
=
«
=

20 N 285460

1743.03
2925.79
0 T T T 1
4000 3500 3000 2500 2000 1500 1000 500 0

Wave number (cm™)

4

A o a 4 9 v A = a a
AN P-4 FlaasuMsIAsIEHaIsAesIgounsusa (FTIR) maq"lﬂaﬂmamqm

100 -

2854.32
2925.88

60 -

40 -

1627.93

Transmittance (%)

20 3424.48 1661.3

0 I I I I 1

4000 3500 3000 2500 2000 1500 1000 500 0

Wave number (cm™)

A o a 4 9 v A ~
NINN N-5 ailansumsansizriarsalesiaounsise (FTIR) VogLlsg
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100 —
2854.79
2925.97
80 -
<
S
< 60 -
=
£ 3237.38
=
£ 40 -
=
[+
S
= 1617.3
20 355244
3476.03 3413.87
O | | T T T 1
4000 3500 3000 2500 2000 1500 1000 500 0

Wave number (cm™)

A o a 4 9 v A = 14
NN P-6 AR UMSAATIEHAITALTITOUNS UM (FTIR) maﬂ«mmmaa”lsﬂ
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MANUHIN 3.

ﬂ15ﬁ11~!3mﬂ%1ﬂﬂ!ﬂ§!“ﬁi’)'ii’)ﬁﬂﬂ!‘ﬁﬁi’)

oA y v . 9.209xN(T1-T2
']J'ﬁﬂﬂlﬂm%ﬂiﬂa IDYATUNNUINUN = o

A A Y 9 = = 1 a
o N A9 mmmmummmsazmammgmicﬁmﬂu"lamﬂﬂ"lwmmmu 0.125 TEJEWIBEWIS
A a = g ¥ v o ] I
T, Ao Usuasvesensazarnasgiu lwdoy leasen laan s lawmsanudiodiailu va.
A a = saq 9 Y J
T, Av Ysmsvesensazarwmasgu Tmdoy leasen lvan s lamsanuuuasiidly va,

A g} @ Y Ao a d o
W A9 HvinvesdlIe i mitunsy

2.

1

b=d)]
=
Re

a13in

1. arsazane lmdsunlos loTowma whaisazate Tadenles lo Toaa 60 nTu azaie

'
[ a A

Y 3’ a a v a A 9J 9 =) Y a 3’ q'; aS A
A1811nd U 500 Hadans nnIagFanITNTUTY 0.1 Tuadeaas udaaminduauiilsuas
Y
1,000 adans azareTwdsules loTowa Taglidesldnnudou arelduradiimanion
a a < {
ynudaainudunulunia dulauuden
= = A 3 = 1
2. sazaedimu lasea naudimu lassandlunaraazilsiAanndsesea 1 aiu
Y '
Yuiinau 1 dyu (eeilsuiag)
A s s Yy 9
3. @savaenasgu laden leasen leandsimanaisuema anududu 0.125
Tuanoans
= o Y 9 T A
4. asazane Txdenlaasen lod anududu 0.05 Tuadeans
v a A 9 9 1T A
5. Msazarensadanizn anuwuTulszina 0.1 Tuanedns

6. Tus lu'lnueavugdudmaes
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L4 v
4 =

= = 4
mumaunmmﬂumimuﬂ%

= o T Aa
1. asazang Ty@enlaasen led (NaOH) 0.125 Tuaneans
q'./ = o Y] 1 [ a Aa aa
- Tasden lanson lod 5.05 a5y mldvialSudSuasvuia 1,000 Jaaans
Y '
laihnaualsulsuies11d 1,000 iadans
s IS a 7 .
- Tadenlanson loan 19iuinsaAns1eH (analytical reagent, A.R.) WA
[Wudusosaz 99
=S 4 T A
2. asazang Tw@enlaasenlad (NaOH) 0.05 Tuaneans
) =S 4 ] 1 % a A Aaa
- s Tasaen lanson lod 2.02 A5y mldvialSulSuasvuia 1,000 Jadans
Y '
lainaualsualsuies191d 1,000 iadans
s IS a 7 .
- Tadenlanson loan 19iunsans1¢H (analytical reagent, A.R.) WA
[Wudusosaz 99
=S 4 T A
3. asazane Iwdenlanson lud (NaOH) 0.01 Tuaneans
u‘a = 4 Y] [ [ a
- Faladsulaasenlasd 0.404 a5y mldvialsulsuiasvuia 1,000
Y v
Hasaas lindulsulSuas 1w 1d 1,000 iadans
{ I a
- Tdenlaason lsan 1 unsadins e (analytical reagent, A.R.) HAY
[Wududesaz 99
4. ansazatensadaniin (H,80,) 0.1 Tuadodans
- Unlansadgailasn (H,50,) 5.55 Haaaas mldvialiulsuasvua 1,000
Y v
Hasaas lindulsulSuas1v1d 1,000 iadans
v A A Aq Y & a 4 . =
- nsaKanISn (H,S0,) nlsiluwnsadnsigv (analytical reagent, A.R.) ¥R

wutudosaz 96
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MANUIN 2.
& d . a
s laslnaingnIu
= g < a
M319% n-3 5101 Loy TnaAnaas U
. lesTnaiandn3u
UTHN
o-CD B-CD Y-CD Acetyl-B-CD
CTD.,Inc* 2.5 USD/g 1.4 USD/g 3.85 USD/g -
Cyclolab* 28 EUR/g 28 EUR/g 68 EUR/g 48 EUR/g

Jiangsu fengyuan biotechno-
90 USD/kg
logies Co.Ltd.*

6USD/kg 150 USD/kg -

Y
* e 118 hisawmBuazmauda
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walaTnaindniulamaiinmaieaunvessdsna. MIYszguITIng
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