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ABSTRACT
The synthesis of polyurethane from 1,4-Butanediol (BD), crude palm oil (CPO), and toluene-2,4-diisocyanate (TDI) would be reported in this paper. In this paper is reported about study of the addition effect of BD toward polyurethane solid formation, mechanical property of synthesized polyurethane from crude palm oil and TDI and crosslink within synthesized polyurethane from crude palm oil and TDI. The crude palm oil characterization was done through determination of  boiling point and melting point, hydroxyl number, density and refraction index, analysis function group by spectrophotometer Fourier Transform Infra Red (FTIR). Polyurethane was synthesized  from basic material of crude palm oil (CPO) with toluene diisocyanate (TDI) and 1,4-butanediol (BD). Synthesis was done with composition variation of BD – CPO – TDI (0 : 4 : 6), BD - CPO –TDI (2 :  4 : 6), BD – CPO – TDI (4: 4 : 6). The addition effect of BD toward polyurethane hardness was studied on mechanic test by measuring of  hardness polyurethane. Characterization of polyurethane included function group analysis with spectrophotometer FTIR and determination of crosslink by swelling degree test. FTIR analysis indicate characteristic absorption for polyurethane. Furthermore characterization of mechanic property indicate that synthesized polyurethane from 1,4-butanadiol – CPO – TDI ( 2 : 4 : 6) has hardness 91 Shore A, synthesized polyurethane from 1,4-butanadiol – CPO - TDI (4 : 4 : 6) has hardness 75 Shore A. Swelling degree of polyurethane from 1,4-butanediol – CPO – TDI (2 : 4 : 6) was 91.414 % and synthesized polyurethane from 1,4-butanediol -  CPO – TDI (4 : 4 : 6) was 92.140 %. Whereas polyurethane from 1,4-butanediol – CPO – TDI (0 : 4 : 6) cannot be analyzed its hardness and swelling degree because of synthesized polyurethane is very brittle.
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I.  Introduction 

Polyurethane is a polymeric material which contains a urethane group(-NHCOO-) in the backbone of the macromolecule. The urethane groups are the product of the reaction between isocyanate and hydroxyl groups 3),5). This polymer material is one of the most important synthetic polymeric material in the market, with a wide variety of features such as sheets, fibers, foams, adhesives, and lacquers 3),4). The basic building blocks for polyurethanes are diisocyanates and polyols. The properties of polyurethanes depend largely on the building blocks, especially the kind of the polyol. Not only pure synthetic compounds but also various natural substances such as lignin, vegetable oil, and carbohydrates have been explored as possible polyol resources in the polyurethane synthesis 1). Those natural substances are natural polymeric materials having appropriate reactivity due to its functional groups such as hydroxyl groups. Natural polymers having more than two hydroxyl groups per molecule can be used as polyols for polyurethane preparation if the polyols can be reacted efficiently with isocyanates 1). 

The synthesis of polyurethane from crude palm oil  (CPO) and toluene diisocyanate with adding 1,4-butanediol had never been investigated earlier. The world production of crude palm oil is high and inexpensive, this leads to enormous interest in studying its uses. All polyurethanes are based on the exothermic reaction of polyisocyanates with polyol molecules, containing hydroxyl groups. Vegetable oils are materials which are highly adaptable to their circumstances. They are also materials having appropriate reactivity because of functional groups such as hydroxyl groups. Accordingly, vegetable oil having more than two hydroxyl groups per molecule can be used as polyols for polyurethane (PU) synthesis. 
In this paper, PUs were prepared using monomer (polyols) from CPO and toluene diisocyanate  (TDI) without and with adding 1,4-butanediol (BD). This study aimed to learn physical and chemical properties of crude palm oil before, to know the properties of the synthesized polyurethane from crude palm oil and TDI, to know the effect of the BD toward the mechanical properties and the swelling degree of polyurethane.
II. Discussion
The objective of this paper is to show the synthesis of polyurethane from BD – CPO – TDI, and than to know the properties of polymer product. The first characterization of CPO to know the potency of CPO as basic material in the synthesis of polyurethane. The variation of composition BD – CPO – TDI in the polymerization can be done to know the composition of monomer which can produces the better polymer product. The second characterization can be done to know the properties of the synthesized polyurethane from CPO – TDI wtihout and with adding BD. 

The Physical-Chemistry Properties of CPO 
Table 1 shows the physical-chemistry of CPO. The hydroxyl number of CPO  is 82.58 mg/g. Thus, CPO has reactive hydroxyl content in its structure. Based that, CPO can be used as hydroxyl monomer (polyol) in synthesis of polyurethane. The other physical properties i.e. density, melting and boiling point of crude palm oil can support the pure CPO. Also, the refractive index and iodine number of CPO. In addition to the physical-chemistry data can support CPO as monomer in the synthesis of polyurethane. 
Table 1. The Physical-Chemistry Properties CPO and Hydroxylated CPO
	No.
	The physical-chemistry
	Value

	1.
	Hydroxyl Number (mg/g)
	82.58 mg/g

	2.
	Melting Point (oC)
	20 – 24 ºC

	3.
	Boiling Point (oC)
	140 ºC

	4.
	Density (g/mL)
	0,9019 g/Ml

	5
	Refractive Index
	1.462

	6.
	Iodine Number (g/g)
	46.9019 g/g


The reactive hydroxyl in CPO can be done by acetylation to CPO using anhydride acetic acid with pyridine catalyst. Products of acetylation are acetylated CPO, pyridine, and acetic acid.   The titration of KOH solution toward sample solution has aimed to neutralized acetic acid which not react with CPO, nevertheless sedangkan titrasi KOH terhadap larutan blanko bertujuan untuk menetralkan asam asetat anhidrida total yang digunakan dalam reaksi asetilasi. Dengan demikian volume KOH yang digunakan untuk menitrasi larutan blanko dikurangi dengan volume KOH yang dignakan untuk menitrasi sampel ( V KOH Blanko – V KOH Sampel ).

Bilangan hidroksil menunjukkan jumlah miligram asam asetat anhidrida yang diperlukan untuk mengesterkan satu gram minyak lemak yang nilainya sebanding dengan jumlah miligram KOH yang digunakan pada saat titrasi terhadap asam asetat anhidrida. CPO mempunyai bilangan hidroksil 51,61 mg/g. Dengan demikian CPO mengandung gugus hidroksil reaktif yang dapat bereaksi dengan gugus isosianat sehingga terbentuk poliuretan. Sedangkan bilangan hidroksil hasil penelitian Demang Suharyanto (2007 : 35) adalah sebesar 17,237 mg/g. Perbedaan ini dapat terjadi karena CPO yang digunakan berasal dari industri yang berbeda.

a. Penentuan Titik Leleh dan Titik Didih

Berdasarkan Tabel 7 dapat dilihat bahwa CPO mempunyai titik leleh rata-rata 20-24 °C dan mempunyai titik didih 140 °C. Yang berpengaruh terhadap titik leleh dan titik didih minyak adalah jumlah ikatan rangkap, isomer ikatan rangkap cis, massa molekul dan adanya gugus hidroksil. Semakin banyak jumlah ikatan rangkap cis, akan menurunkan titik leleh minyak, semakin tinggi massa molekul akan menaikkan titik leleh dan titik didih (Ketaren, 1986: 23-24). Dengan adanya gugus hidroksil akan menaikkan titik didih senyawa dengan massa molekul sama ( Fessenden & fessenden, 1996: 297).
b. Massa Jenis

Massa jenis menunjukkan kerapatan dari sampel CPO. Semakin kental dan rapat suatu minyak maka semakin besar massa jenisnya (Marlina, 2003). Massa jenis CPO memberikan nilai sebesar 0,9019 g/mL yang hampir sama dengan data referensi yaitu 0,900 g/mL.

c. Penentuan Indeks Bias

Pengujian indeks bias dapat digunakan untuk menentukan kemurnian minyak. Semakin panjang rantai karbon dan semakin banyak ikatan rangkap maka indeks bias semakin besar. Indeks bias CPO memberikan nilai sebesar 1,462 (25/25 °C) yang sedikit berbeda dengan data referensi yaitu 1,4563 – 1,4585 (25/25 °C). Hal ini disebabkan CPO yang digunakan berasal dari jenis/ varietas dan cara pengolahan yang berbeda.

d. Penentuan Gugus Fungsi dengan FTIR

Spektrum FTIR CPO pada Gambar 10 menunjukkan serapan pada 1114,93 cm-1 dan 1163,63 cm-1 merupakan daerah (C-O) spesifik untuk ester. Adanya gugus hidroksil diperlihatkan adanya serapan pada daerah 3600 cm-1 sampai 3650 cm-1 yang merupakan daerah serapan hidroksil (OH) tidak berikatan hidrogen. Adanya ikatan rangkap ditunjukkan oleh adanya serapan pada rentangan 1652,99 cm-1, serapan =C-H muncul di sebelah kiri daerah 3000 cm-1 yaitu pada 3005,61 cm-1. Hasil ini diperkuat dengan adanya bengkokan keluar bidang pada daerah antara 1000 - 650 cm-1, tepatnya pada 721,06 cm-1. Pada CPO terdapat gugus metil (-CH3) dan metilen (-CH2-). Adanya metil (-CH3) dibuktikan dengan adanya serapan pada 1373,37 cm-1 dan adanya metilen (-CH2-) dibuktikan dengan adanya serapan pada 1462,54 cm-1, serta serapan pada daerah 2924,10 cm-1 merupakan daerah rentangan =C-H alkana.

The FTIR spectra of CPO (Fig. 1) shows that hydroxyl group of CPO at 3444.4 cm-1. These results indicate that crude palm oil can be used as polyol in synthesis PUs. Each polyol can react with TDI because it has reactive hydroxyl. Table 2 shows correlation table of the FTIR spectrum of CPO.
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Fig 1. The FTIR spectrum of CPO 


Tabel 2. The correlation table of FTIR spectrum of CPO
	No.
	Wave number
(cm-1)
	Functional group

	1.
	721,06
	=C-H

	2.
	1114,93
	C-O ester

	3.
	1163,63
	C-O ester

	4.
	1237,84
	P=O

	5.
	1373,37
	 (CH3)

	6.
	1462,54
	C-H methyl in alkene

	7.
	1514,84
	Methylene (-CH2-) 

	8.
	1539,87
	C=C 

	9.
	1652,99
	C=C alkene

	10.
	1745,00
	C=O ester

	11.
	2336,21
	CO2

	12.
	2853,62
	Methylene (-CH2-) symmetry

	13.
	2924,10
	=C-H alkane

	14.
	3005,61
	=C-H alkane

	15.
	3650,38
	–OH no hydrogen bonding


The Synthesis of Polyurethanes from CPO – TDI with Adding 1,4-Butanediol


The qualytative observation during polymerization shows that the increasing of adding BD in polymerization can produces the harder and not brittle polymer product. The fact can be explained, the hydroxyl group in BD as hard segment in polyurethane structure.  The composition comparison can also effect the properties of polymer product, the increasing of composition of BD can increase hardness and decrease brittleness of polyurethane. Thus, the polymerization with BD concentration is higher can produces the harder and not brittle polymer product. 
The polymerization between BD, CPO, and TDI can be written i.e. : 
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The Characterization of Polymerized Polyurethane 

Functional Groups of PUs 

All of synthesized PUs are hard and brittle 8). FTIR spectra of prepared PUs from each series monomer are identical. The core structure of prepared PUs consists urethane group (~1720 - 1740 cm-1) and end group –NCO (~2280 cm-1) 2). Polymerization  has be done successfully and the yield of polymers was high. Figure 4 shows FTIR spectra of PU based 20% hydrated CPO – MDI and 20% oxydated CPO – MDI at polymerization temperature of 400C.

The Conclusion
Based on the discussion can be concluded that. :

1. The polyurethane can be synthesized from crude palm oil (CPO) dan toluene diisocyanate (TDI) with adding 1,4-butanediol (BD) in variety composition, was showed by decreasing intensity –NCO in FTIR spectrum of polyurethanes..

2. The increasing of BD adding in polymerization can increase the solid formation of polyurethane. 
3. The highest hardness was showed in the synthesized polyurethane from  BD – CPO – TDI (2 : 4 : 6), because in this composition has the comparison of isocyanate group to hydroxyl group has higher than another composition.
4. Poliuretan yang memiliki derajat penggembungan paling tinggi adalah poliuretan hasil sintesis dari BD – CPO – TDI (4 : 4 : 6), sedangkan poliuretan hasil sintesis dari BD – CPO – TDI (2 : 4 : 6) memiliki derajat penggembungan yang lebih rendah, sehingga ikatan silangnya semakin banyak. Semakin banyak BD yang ditambahkan maka ikatan silang poliuretan akan lebih banyak.
The Crosslink Degree of PUs

Table 3 shows swelling degree of polyurethanes from hydroxylated CPO - MDI. PUs which have negative swelling value consist linear or branch structure. PUs which have positive swelling value consist crosslink structure.6),7) PUs derived from 80% hydroxylated CPO – MDI except PU derived from 80% oxydated CPO - MDI with polymerization temperature of 400C, and PU derived from 60% oxydated CPO – MDI with polymerization temperature of 400C have linear or branch structure. 

Table 3. Swelling Degree of PUs

	Polyurethane
	Polymerization Temperature (0C)
	Swelling Degree (%)

	20% Hydrated CPO – MDI
	25
	33.33

	40% Hydrated CPO – MDI
	25
	73.33

	60% Hydrated CPO – MDI
	25
	6.67

	80% Hydrated CPO – MDI
	25
	- 10.00

	20% Hydrated CPO – MDI
	40
	60.00

	40% Hydrated CPO – MDI
	40
	96.67

	60% Hydrated CPO – MDI
	40
	110.00

	80% Hydrated CPO – MDI
	40
	93.33

	20% Oxydated CPO – MDI
	25
	20.00

	40% Oxydated CPO – MDI
	25
	20.00

	60% Oxydated CPO – MDI
	25
	6.67

	80% Oxydated CPO – MDI
	25
	- 13.33

	20% Oxydated CPO - MDI
	40
	13.33

	40% Oxydated CPO – MDI
	40
	23.33

	60% Oxydated CPO – MDI
	40
	- 6.67

	80% Oxydated CPO - MDI
	40
	- 20.00 


IV. Conclusion


Hydroxylation can increase reactive hydroxyl functional group of crude palm oil. Polyurethanes from oxydated CPO – MDI have a higher thermal properties than PUs from hydrated CPO – MDI. The higher the polymerization temperature can increase temperature of chemical reactions (Tr) but can decrease glass transition temperature (Tg), crystallization temperature (Tc), and decomposition temperature (Td). Tc, Tr, and Td have optimum at composition 20% hydrated CPO – 80% MDI with the polymerization temperature of 250C. Swelling degree analysis of polyurethane synthesized shows that polyurethane has the largest crosslinking in the composition of 60% hydrated CPO – 40% MDI and 60% oxydated CPO – 40% MDI with polymerization temperature of 250C.
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