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SINTESIS SEN}-AWA DIOKSOLAN DARI ASAM LEMAK SAWIT DISTILAT

Renni Yuliasari, ljahjono Herawan, dan Eka Nun anto

ABSTRAK

Kata kunci : Minyak sawit. asam lemak sawit distilat, dioksolan. biopestisida

PENDAHULUAN

Dioksolan merupakan salah satu jenis
sen'awa furunan keton yang dapat diman-
faatlian sebagai bahan baku pada industri
fannasi dan surfaktan. Menurut Ahnrad et
al. 1l) dioksolan .juga dapat dirnanfaatkan
sebagai bahan baku biopestisida. yaitu
sebagai insektisida. fungisida. dan germi-
sida. Dioksolan dapat disintesis, baik dari
serva\\'a okso dengan |.2-propanediol (1)
maupun dari senva\\'a epoksi dengan
s€ill'a\\a ]ang mengandung gugus keton
, I t Sdah saru sen\ a\\ a nrrunan dioksolan
r a€ drgunaLan sebagai insektisida r.aitu 2-
r I --:{rolx.lan-l-rl r t'enrl metilliarb amat
r7 s Pda rnnu[rt\ a sen\-a\\-a tersebut
Lr-mr6r-s d^rr bahan alail']-ang berbahava
bagr lndung^m. shurgea residu ]-ang
drhasrlLm d.4a mrmbullian dampak
hnghmga d.m ksn3r"n rlantL<ra Diok-
scrla menpat an =alah sru broprodul
] ang dr-srnuesrs dan a\tm lemal s3\\rt

distilat (ALSD) )'ang bersifat rarnalr
lingkungan.

Fraksinasi minvak sawit dapat meng-
hasilkan ALSD sckitar 2,5-3.5yo dari
jumlah minyak sawrr mentah (MSM) yang
diolah (6, 7). Sampai saat ini pemanfaatan
ALSD rnasih sangat terbatas, yaitu
digunakan sebagai bahan baku pembuatan
sabun berkualitas rendah. Sementara itu
ALSD mengandurg sejtunlah asarn lemak
jenuh (ALJ) dan asam lemak tidak jenuh
(ALTJ) yarlg sangat berpotensi sebagai
bahan baku sintesis produk-produli
oleokimia. ALJ dan ALTJ dapat dipisah-
kan dengan mer-rggunakan metode kris-
talisasi pelarut (21 Asam lemak sar,vit
jenuh dapat dimanlaatkan sebagai bahan
baku pembuatan sabun. sedangkan ALTJ
dapat dimanfaatkan sebagai bahan baku
sintesis epoksi. Epoksi )'ang dihasilkan
tersebut dapat digunakan sebagai bahan
baliu unnrli sintesis droksolan (8)
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BAHAN DAN METODE

Bahan baku yang digunakan pada
penelitian ini adalah ALSD yarLg diperoleh
dari PT Pamina, Adolina. Bahan kimia
yarLg digunakan adalah aseton, dietil eter.
karbon tetraklorida, asam sulfat. asam

asetat glasi,ill. hidrogen peroksida, dan
bahan kimia yag digunakan untuk analisis
berasal dari Merck. Jerman.

Pembuatan senyall'a dioksolan terdiri
dan 2 proses, )'aitu epoksidasi ALSD dan

dioksolanisasi epoksi metil stearat.

Preparasi epoksi metil stearat

Tahap pertama adalah pemisahan ALJ
dan ALTJ dari ALSD menggunakan
metode kristalisasi dengan menggurakan
pelanrt (2) Kristalisasi ALSD dilakukan
sebanyak tiga kali sehingga diperoleh
fraksi cair yang mempunyai kandrurgan
ALTJ yang tinggi. Hasil analisis
kromatografi gas merk Shimadzu GC-14B
menunjukkan bahwa fraksi cair (ALTJ)
mengandung asam oleat sebesar 59.29%;
asurm linoleat sebesar 19 -37o/o- dan

campnran antara asurm pahnitat dan stearat
sekitar 20%.

Tahap kedua adalah esterifftasi ALTJ
dengan metanol pada suhu 80 - 100 oC

selama 2 jam dengan menggunakan katalis
asam. Kelebihan metanol diuapkan dengan
rotari evaporator, katalis asam yar;lg masih
tertinggal di dalam produk dihilangkan
dengan cara pencucian. Metil oleat (MO)
yang diperoleh mempunyai bilangan asam
sebesar 6,70 mg KOH/g sample; bilangan
penyabunan sebesar 197,76 mg KOFVg
sample; oksiran oksigen sebesar 0,02oh;

and bilangan iod sebesar 81.29 g/100g
sampel.
Tahap ke tiga adalah epoksidasi (MO)
dengan asam perasetat pada suhu 65 oC

selama 7 jam dengan menggunakan asam
sebagai katalis (5) Epoksi metil stearat
(EMS) yang dihasilkan mempunyai oksiran
oksigen sebesar 3,7504 dan bilangan iod
sebesar 2,43 gll00 g sarnple.

Sintesis diolsolan

Sintesis dioksolan dilakukan dengan
menggunakan metode Kazimrera et.al (3)

)'ang telah dimodifikasi. Dioksolanisasi
EMS dengan aseton dilakulian pada suhu
100 'C dengan menggunakan CCla sebagai
pelarut dan2jenrs katalis- 1'aitu p-TSA dan
BF: Kedua jenrs katalis tersebut dapat
digunakan untuk dioksolanisasi I -2-
propanediol (l) atau epoksi asam butirat
(8) Penelitian pendahuluan menunjuklian
bahwa katalis BF; lebih efektif
menurunkan oksiran oksigen dibandingkan
dengan katalis p-TSA. Dengan demikian
pada penelitian ini jenis katalis yang
digunakan digunakan adalah BF:. Diok-
solanisasi EMS dilakukan pada berbagai
perbandingan mol dan jumlah katalis yang
digunakan, yaitu l:1, l'.2, dan 2.1 mol/mol
serta 5. 10, dan 15% (bh). Peubah yang
diamati ialah penurLrnan oksiran oksigen
selama reaksi berlangsung. Dioksolanisasi
dapat tercapai jrka oksiran oksigen yang
diperoleh kurang dari 0.P . Dioksolan

)'ang diperoleh sclanjutnl'a dilakukan ana-
lisis dengan mcnggunakan kromatografi
lapis tipis dan inJra red spectroscopy.

HASIL DAN PEMBAHASAN

Hasil penelitian menunjukkan bahwa
dioksolanisasi EMS dengan aseton pada

perbandingan mol I : I dan menggunakan
p-TSA sebanyak 5% (b/b) dapat
menurunkan oksrran oksigen dari 3,65yo

menjadi' I.I8%. Sedangkan dioksolanisasi

J |,ll,"rr',1[ildlnllltm-']ilFffiffimirnn''tno 
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Sintesis senyawa dioksolan dari asam lemak sawit distilat I
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Dioksolan ll
o

analisis infra red spectroscopy
menunjukkan bahwa dioksolan mlrncul
pada peak ll00 cm-l (Gambar 4). peak
tersebut tidak muncul pada hasil analisis
infra red spectroscopy dari EMS (Gambar
5).

dengan menggrmakan BFr pada kgndisi
yang sama dapat menunrnkan <lksiran
oksige,n hingga 0,02oA. Sementara itu
dioksolmisasi EMOS dan aseton tanpa
menggmakan katalis hanya dapat

o

Palm oleic metlyl ester Acetone

Pada Gambar 2 memperlihatkan
pengarutt dari konsentrasi katalis dan
perbandingan mol antara EMS dan aseton
terhadap oksiran oksigen selama reaksi
diolsolanisasi berlangsung. penunrnan
oksiran oksigen pada perbandingan mol 2 :

I dan | . 2 (MS : aseton) pada konsentrasi
katalis 5, 10, dan l0% tidak menunjukkan
perbedaan yang nyata, dan hanya mirmpu
m€,nurunkan okiran oksigen hirggu 0,011 -
0-014%. Sementara itu, pada perbandingan
mol I : I dan dengan menggunakan katalis
BFr sebesar l0% dapat menurunkan
oksiran oksigen hirggu 0,007yo. pada akhir
realsi dioksolan yang dihasilkan hanya
sebesa 22-69/o.

Pda Gmbar 3 memperlihatkan hasil_
rulicic \rmaografi lapis trpis (KLT)
MO- Etrfs< da diolsolan. Metil oleat
ryzi niLa Rf sebesar 0-98; epoksi
Et .c? stsct nprghasilk3n 3 spot
bIr rl- Rf neing-masrng sebesar

dil Oit- Dagr .ladlcin diolisolan
ryzi n-lri Rf $cs- 0-71 Hasil

menurunkan oksiran oksigen hingga
2,40yo. Penurunan oksiran oksigay tersebut
disebabkan oleh adanya reaksi hitlroksilasi
EMS.

Gambar 1. Reaksi dioksolanisasi epoksi metil stearat dengan aseton
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Pengaruh konsentrasi katalis
terhadap penunman bilangan
oksiran oksigen pada. (A)
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EMS Dioksolan

Gambar 3. Kromatografi lapis
metil oleat, epoksi' 
dan dioksolan 1.

tipis dari
metil oleat.

Gambar 4. Hasil analisrs infra red spect-
r o s c op t- sen!'arva dioksolan

KESIMPULAN

Dioksolan dapat disintesis dari epok-
sidasi dan dioksolanisasi asarn lemak sawit
tidak jenuh. Reaksi dioksolanasasi opti-
mnm pada perbandrngan mol a\tara epoksi
metil stearat dan aseton sebesar I . I
dengan menggunakan katalis BF3 sebanyak
l0% (b/b) Dioksolan yarLg dihasilkan
mempunyai oksiran oksigen 0,007oh
dengan perolehan sebesar 22,69Yo.

Dioksolan mbmpunyai nilai Rf sebesar
0,71 pada analisis kromatografi lapis tipis
dan muncul pada peak 1100 cm-'
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Synthesis of dioxolane from palm fhtty acrd :listillar-'

Synthesis of dioxolane from palm fatty acid distillate

Renni Yulias'ari, ljahjono Herawan, and Eka Nuryanto

Abstract

Palmfatty acid distillate is a by-product of palm oilfractionation that is about 2.5 - 3.5
olo of crade palm oilfractionated. Palmfatty acid distillate contains about 50o% of unsaturated
fatty acid. Unsaturated fatty acid was used as raw material of dioxolane and a lcind of raw
mateial of biopesticide. Biopesticide that producedfrom dioxolane is environmentalfriendly.
Dioxolane can be synthesised by epoxydation of unsaturated fatty acid, and then epoxy was
reacted by acetone. Relults of the research showed that optimum condition of dioxolanation of
epory palm oleic methyl ester by acetone was L' I mole/mole and BFt ds catalyst was I0o%
(w/w) Oryrane oxygen of dioxolane was 0.007%. Result of thin layer chromatographlt showed
that Rf value of dioxolane was 0.71 and result of infra red spectros.'opy shou,ed that
wavelength of dioxolane was I100 cm- '. Yield of dioxolanatiott o/ epo4.,palnt oleic'
nretlryl ester bv acetone (l : I molamole) was 22.69o%.

Kev u'ords : Palm oil. palm faqv acid distillare. dioxolane. biopesticide
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lntroduction

Droxolane is chefiieal : compormd
derned from of ketone. Dioxolane has
b€en used as rarl' matr:rial of pharmaceu-
ucal and surfactant industries. According
to Ahmad et al. (l) rt was identified as raw
material of biopesticide, such as insect-
icide- fungicide, ffid gennicide. Dioxolane
can be slrrthesized from reaction of either
oxo and l,2-propanediol (1) or epoxy and
ketone (8) One kind of derived of
dioxolane, that was Lrsed as insecticide is 2-
(1.3-dioxolane-2-yl) phenyl methylcarba-
mat (7). Generally, pesticide is synthesized
from active material. which is hazardous to
environmental and human healthy. Dioxol-
ane \r'hich is synthesized from palln fat!y
acid ditillate (PFAD) is environmental
friendh.

Developing of palm oil fractionation
can increase a by'-product, that is PFAD.
Pah oil fractionatron produced about 2.5 -
3.59o PF-\D of crude palm oil fractionated
(6. 7l .{t the present. using of PFAD is

limited- that is used as ras' material of lorv
qualin of soap making. At the same time,
PFAD contains sarurated fatq acid (SFA)
and unsaturated fattl acid (UFA) which
has potential to sy,nthesis oleochemical
products. SFA and UFA can be separated
by surely of solvent and temperantre (2).
SFA can use as raw material of soap
making and UFA can use as ra\,v material
of synthesis of epoxy. Epoxy was used as

raw material of s\,'nthesis of dioxolane (8)
that can be used as biopesticide. So,

biopesticide that synthesiled from epox)/
paln fatty acid is envirorunental friendly.

Materials and Methods

Material

This research was done in chemical
laboratory, lndonesian Oil Palm Research
Institute. Materials. which are used in this
research are PFAD, acetone, organic solv-
ent, sulfuric acid, peracetic acid as

oxidator, organics chemistry that have

ll9
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high purity, and chemicals analysis.

Materials, which are used in this research

are PFAD, Acetone, organic solvent,
sulfuric acid, percloric acid as oxidator,
organics chemitry that have high purity,
and chemicals analvsis.

Methods

Two steps synthesize of dioxolane;
these are preparation of raw materials and

synthesis of dioxolane. Preparations of
raw materials contain fractionation of
PFAD, esterification, and epoxydation.
Dioxolane is prepared by dioxolanation of
epoxy methyl ester.

Preparation of raw materials

Preparatious of raw materials contain
3 steps. The tirst step is crystalization of
PFAD by methanol to produce SFA and

UFA (2). Crystalization of PFAD was

done three times until producing high

UFA. Result of gas chromatographl' by

Shimadzu GC-14B. LFA contairu 59.29%

oleic acid: 19.31% linoleic acid: and

about 20% v'ere mixture of palmitiu and

stearic acid. The second step is

esteritication of UFA by methanol at 80 -
100"C during 2 hours by use acid as

catalyst. Rotary evaporator evaporated

excess of methanol in product, residu of
acid was washing completely. Oleic

methyl ester had acid value was 6,70 mg

KOH/g sample; saponification value was

197 ,76 mg KOH/g sample; oxyran oxygen
was 0,02%: and iod value was 81,29
g/1009 sample, respectively. The third
step is epoxidation of oleic methyl ester by

moditication method of Sad\ et al. (5) by

add of acid as catalyst. Epoxidation of
methyl ester was done by in-situ process

at 65 "C during 7 hours in the reactor.

Epoxy oleic metlryl ester (EPOMe) had

oxyrane oxygen r,r as 3 ,75% and iod value

was 2,43 g/100 g sample, respectively.

Synthesis of raw material of biopesticide

Spthesis of dioxolane was done by
modification of K.rzimiera et al. rnethod's
(3). Dioxolanation of EPOMe rvith acetone

was done at l(ttt g and uses CCl+ as a

solvent and hvo krnd of catalvsts. these are

p-TSA and BF;. Alunad et al. (l) used

p-TSA was 5olo and Yamamura et al. (8)

used BFr \,vas 5% as catalyst on

epoxidation of propanediol and epoxy

butiric acid. On the end of reaction, sample

was added by rvatcr. Product that produced

was extracted b1 diethvl ether Change of
oxyrane oxygen rr as aualr zed evet], hour.

The fural prodtrcr \\.as aualvzed by thin
la1-er chromatogr aphr and infra red

spectroscopr' (lR t

Results rrnd Discussion

Preparation rf diorolane used tr,vo

klnd of catahst. these \\erc- p-TSA and

BF: According t..r ^A.hmad er al. (t) and

Yamamura et ot (8), dioxolane can be

synthesized from propanediol and ketone-

which used p-TS.\ as catalyst, meanwhile

ethyl epoxy butirate and ketone by BF3 as

catalyst. Result o1 the research showed that
dioxolanation of F.POMe by acetone (l : I
mole/mole) with p-TSA was 502 (r,v/w) can

decrease oxyrane ox\/gen from 3.650/o to
I.I8%. At the sanle time. dioxolanation of
EPOMe by aceton (l:1 mole/rnole), which
used of BFt as catalyst \,vas 5% can

decrease oxirane oxygen up to 0 02%.

Dioxolanation of EPOMe r,vithout catall's1

can decrease oxvrane oxygen was onlr'
2.40%. Reduction of oxyrane oxygen in

r20
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S)'db€sis of dioxolane from palm fatty acid distiltate

rild sc ob- cilsed by hydrorylation
d EFOtla Th- m ^' is research was used
BF; r cah:t-

o
tl

:rin--cHt- 4H - cH-(cHj7 -c-ocH3 + cHr_c_cHr

\/
o

Palm oleic methyl ester

Dioxolanation of EPOMe by acetone
in mole ratio \,vas I : l, I :2, and2: I that
use BF: between 5 - 15% ("/") can
produce dioxolanes, which have oxyrane
oxygen were 0.007 - 0.02%. Dioxolanation
of EPOMe by acetone in mole ratio was I :

I (mole/mole) that use BF3 was 10% (w/w)
can produce dioxolane which has a lowest
oxyrane oxygen , that was 0.007o/o. At the
same time, reactant ratio between EPOMe
and acetone was 2 . L mole/mole and | : 2
mole/mole can produce dioxolanes, which
have oxyrane oxygen between O.01I%
rmtrl 0.014% (Fig 2). Yield of
dioxolanation EPOMe by acetone is
22.69Yo, respectively,

Results of thin Iayer chromatography
b1' hexane-ethyl acetate (4:l v/v) showed
that Rf value of POMe was 0.98, each of
Rf value of EPOMe was 0.26, 0.34, and
0.95. At the same time, each of Rf value of
dioxolane was 0.28, 0.71, and 0.98 (Fig 3)
Thns- Rf value of dioxolane is 0.71.
Resulr of ffia red specfioscopy showed
trat rsa.\'e length of EPOMe was 820 -
,34t1 cm-r and 1240 cm-r (Fig a). After

o-

Dioxolane ll
o

Figure L Dioxolanation of epoxy oleic methyl ester

Concentration of catalyst (%)

In{luent of concentration of
catalyst to oxyrane oxygen in
dioxolanation; ( A )EPOMe/aceto
ne: I /l (mole/mole) 

; (O)EPOMe/
acetone:2/l (mole/mole) ;
( !)EPO Me/acetone:l l2(molel
mole)

dioxolanation of EPOMe, wave leght of
EPOMe moved from 820 - 840 "[-t to
1100 ,--t (Gambar 5) Dioxolanation of
EPOMe produced a by-product, that is
hydroxyl compound, which has wave
length was 3400 

"ro-'.

t
o
E'|

d o,r
oc
(!

; o,olxo
0,001

Figwe 2.

t27



EMS Dioksolan

s

Figure 3. Thin layer
. paln oleic

palm oleic
dioxolane
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chromatography of
methyl ester, epoxy
methyl ester, and

Conclusions

Dioxolane can be synthesized bY

esterification" epoxydation, and dioxolan-
ation of unsaturated fatty acid. Dioxolane
has oryrane oxygen about 0.007 '0.014%.
Option condition on dioxolanation was

epoxy palm oleic methyl ester : acetone : I
: I mole/mole that used BF3 was l0%
(w/w). Yield of dioxolanation of epo>cy

palm oleic methyl ester by acetone is
22.690 , respectively. Wave length of
dioxolane is 1100 cm-'.
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Figure 5. Infra red spectroscopy
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