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ABSTRACT 

Emerging technological knowledge is leading into 
new ventures. One such of these is the conversion 
of vegetable oils to polymers to augment the use 
of petroleum products as the source of polymeric 
raw materials. Vegetable oils, such as palm oil and 
soyabean oil, now mainly used in the food industry, 
could offer alternative applications for the 
industry. Recent works have studied new routes 
for the synthesis of polymers from natural oils. 
These polymers are considered excellent renewable 
sources of raw materials for the manufacture of 
polyurethane (PU) components with hydroxyl 
groups. In addition, the transformations of 
double bonds of triglycerides to hydroxyls and 
their application in PU have been the subject of 
many studies.  The Malaysian Palm Oil Board 
(MPOB) started producing polyols from palm oil 
in the early 1990s. However, the early methods of 
preparing polyols from the vegetable oils suffer 
from certain drawbacks.  The polyols were very 
viscous and of high acidity. The viscosity affects 
process parameters during production of PU 
foams and the acidity would influence the overall 
formulation’s performance. Furthermore, many 
conventional methods of preparing polyols from 
vegetable oils do not produce polyols having a 
significant content of hydroxyl groups and with 
desirable viscosity. After gaining two decades of 
experience, MPOB is now in a better position 
to offer improved versions of palm-based polyols 

and they are suitable for various applications in 
the PU industry. This article discusses MPOB’s 
experiences in the past decades in exploiting bio-
polyols from palm oil.  

ABSTRAK 

Ilmu pengetahuan berasaskan teknologi akan 
sentiasa menerajui bidang penyelidikan ke era 
baru. Salah satu daripadanya ialah penggunaan 
minyak sayuran untuk menghasilkan polimer bagi 
memperluaskan sumber bahan asas polimer yang 
biasanya dihasilkan daripada bahan petroleum. 
Kini, minyak sayuran seperti minyak sawit dan 
minyak kacang soya yang biasanya digunakan 
dalam produk makanan merupakan alternatif 
untuk mensintesis polimer daripada minyak 
asli berasaskan minyak sayuran. Ia dianggap 
sebagai sumber yang boleh diperbaharui dan 
terbaik untuk penghasilan komponen poliuretana 
(PU) dengan kehadiran  kumpulan berfungsi 
hidroksil. Transformasi ikatan dubel dalam 
trigliserida kepada kumpulan berfungsi hidroksil 
dan penggunaannya dalam bidang PU telah 
menjadi tumpuan kajian masa kini. Lembaga 
Minyak Sawit Malaysia (MPOB) mula menerajui 
penghasilan poliol daripada minyak sawit pada 
awal tahun 1990-an. Keasidan yang tinggi boleh 
mempengaruhi pengeluaran poliol tersebut. 
Walau bagaimanapun, selepas dua dekad menimba 
pengalaman, kini MPOB bersedia  menawarkan 
versi terkini  poliol berasaskan sawit yang telah 
diperbaiki dengan pelbagai ciri-ciri yang dapat 
memenuhi keperluan industri PU dengan lebih 
meluas. Artikel ini membincangkan pengalaman 
MPOB selama dua dekad dalam  membangunkan 
bio-poliol daripada minyak sawit.             

PALM-BASED POLYOLS

As sustainable, renewable, biodegradable and 
vegetable resources are gaining increasing 
attention from many researchers due to 
growing environmental awareness, this 
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situation presents great opportunity for vegetable 
oils to be utilised as one of the raw materials 
(Vinay and Kundu, 2006). In polyurethane (PU) 
manufacture, vegetable oils can be a potential 
replacement for polyols for both economic and 
environmental reasons. Polyols, a major building 
block in PU, are in essence polyether or polyester 
alcohols. Interestingly, many vegetable-based 
oils have structures that lend themselves very 
well as a base for these products, producing 
so-called oleochemical polyols. Vegetable oil-
based polyols contain a higher proportion of 
renewable raw materials and will continue to 
grow in importance as they are regarded as more 
sustainable than conventional materials based 
on fossil fuels. Furthermore, the demand for such 
‘green’ product is increasing steadily. Vegetable oils 
are triglycerides, esters of different fatty acids and 
glycerol. The composition of fatty acids contained 
in vegetable oils determines their further use. On 
the other hand, types of unsaturated fatty acids in 
triglycerides determine the distribution of hydroxyl 
groups in natural oil-based polyols (NOP). 
Naturally occurring inconsistencies in composition 
have been dealt with by chemical modifications 
and improved process controls.  There are several 
methods of converting them into raw materials 
which contain hydroxyl groups capable of forming 
PU products. Through epoxidation, the double 
bonds in triglycerides are transformed into oxirane 
rings. In a second step, the epoxidised oil can 
be converted into the polyols by ring opening 
reactions with alcohols for example methanol, 
ethylene glycol, propylene glycol and glycerol. The 
earliest oil reported for this purpose was castor 
oil. Other oils which have been used are tung, 
soyabean, rapeseed, fish and sunflower as well as 
palm oil (Ooi et al., 2006b). 

Currently, 80% of palm oil is consumed in food 
and only about 20% in the non-food sectors, mainly 
in the production of oleochemicals especially for 
soaps. The Malaysian palm oil industry could be 
further strengthened through product diversifica-
tion in the downstream sectors that are more lucra-
tive. Besides that, palm oil is readily available and 
renewable, while the price is selectively cheaper 
than other oils. It has multiple sites of reactivity, in-
cluding ester and olefinic sites which provide excel-
lent platforms for polymeric materials, particularly 
as a potential alternative to petroleum-based poly-
ols (Maznee et al., 2001). Palm oil is mainly com-
posed of triglyceride molecules derived from un-
saturated fatty acids such as oleic acid (39.8%) and 
linoleic acid (10.4%). Although they possess double 
bonds, which are the reactive sites, they need to be 
functionalised further for desirable polymers for 
coatings and paints. The unsaturated site of palm 
oil molecule can be converted to hydroxyl groups. 

In addition to being a renewable resource, there 
are several other convincing reasons to use palm-
based polyols as the starting materials to replace 
petrochemical derivatives. The production of poly-
ols from petrochemicals requires a great deal of 
energy, as the oil must be drilled, extracted from 
the ground, transported to refineries, refined and 
further processed to yield suitable polyols. Fur-
thermore, the process itself is costly and adversely 
affects the environment. Hence, it is desirable to 
replace petroleum-based polyols where applicable 
with the more versatile, renewable, less costly, and 
more environmental-friendly bio-based polyols.

The real commercial development of NOP in 
PU is still on a small scale but the numbers of us-
ers is expected to grow due to economic, environ-
mental and availability advantages. For examples, 
triglycerides of castor oil, soyabean oil and palm oil 
have the right functionalities that allow them to be 
converted into vegetable oil-based materials suit-
able for use in some current formulations of poly-
mer, additive, and lubricant productions (John et 
al., 2002; Lathi and Mattiasson, 2007). 

INITIATION OF R&D IN PALM-BASED 
POLYOLS

PU is one of the most versatile polymeric materials 
with regard to both processing methods and 
mechanical properties. Similar to nearly all 
polymeric materials, PU relies on fossil fuels as 
the feedstock for its major components: hydroxyl-
containing polyols and isocyanates. As the 
price of fossil fuels escalates, the stability and 
sustainability of fossil fuels market have become 
growing concerns. The cost of polymeric raw 
material has been rising steadily as a result of rising 
feedstock price (Zhang et al., 2007). In contrast to 
less predictable fossil fuel markets, agricultural 
products such as vegetable oils have not only 
maintained steady prices, but also experienced 
surpluses. 

In 2000, the world consumed about 8.65 mil-
lion tonnes of PU comprising 4.64 million tonnes of 
polyols and 3.81 millions tonnes of isocyanates. In 
the same year, Malaysia consumed about 29 407 t 
of polyol and 17 945 t of isocyanates. Assuming a 
1:1 ratio of polyol to isocyanates, this implies a con-
sumption of at least 35 890 t of PU products (Sal-
miah et al., 2002). However, all these raw materials 
were petroleum-based, thus it is highly desirable to 
develop bio-renewable feedstock for PU manufac-
ture for both economic and environmental reasons. 
Hence, research and development for alternative 
sources of PU raw materials have been on-going 
but previously, only the production of polyol based 
on renewable materials such as oils/fats and starch 
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have been reported. As a result, in the early 1980s, 
research on the production of epoxidised palm oil 
(EPO) was initiated by Malaysian Palm Oil Board 
(then known as Palm Oil Research Institute of Ma-
laysia, PORIM). Starting with palm-based EPO, 
a process to produce palm-based polyols was 
then developed at MPOB. A local company, In-
terMed Sdn Bhd, was interested in the technology 
to produce these palm-based polyols. As a result, 
in March 1994, an agreement to produce and to 
commercialise EPO, palm-based polyols and their 
products (in particular PU) was signed between the 
company and MPOB. Arising from this collabora-
tion, a process to produce the first generation of 
polyols from palm oil was patented in Malaysia, 
Singapore and Indonesia (Salmiah et al., 1995). 

FIRST GENERATION OF PALM-BASED 
POLYOLS

The first generation of palm-based polyols involved 
conversion of palm oil products to EPO products 
by using in situ prepared peracids, followed by 
alcoholysis of the EPO with polyhydric alcohols 
to produce the polyols. A variety of polyols could 
be produced depending on the types of polyhydric 
alcohols used in the production process (Salmiah et 
al., 1995). The properties of the polyols produced 
are shown in Table 1. The polyols obtained had 
high hydroxyl number, more than 110 mg KOH g-1 

sample, thus making them suitable for rigid foams 
application. Even though the polyols were suitable 
for PU applications, they were very viscous at 25°C 
(4000-9000 cP), and this was considered a setback 
for commercial applications. Besides, the polyols 
were acidic because they had not been subjected 
to washing or treatment with alkaline solution 
for removal of the acidity caused by the catalyst 
used in the process. Generally, in production of 
urethane elastomers and foams, residual acid 
present in vegetable oil-derived polyols will 
retard isocyanate activity by interfering with the 
isocyanate/alcohol reaction. Since the catalyst used 
to produce urethane polymers is an amine it could 
be neutralised by any acid present in the poyol, 
thus making it less effective to catalyse the polymer 
reaction. Accordingly, it would be advantageous 
to develop a method to neutralise the residual 
acid of the polyol. Vegetable oil-based polyols 
with lows acid value would be desirable because 
it would improve the performance of polyol and 
reduce the catalyst required during the process of 
making urethane polymer. It would also lead to 
improvement of the urethane physical properties 
due to improved polymer network. 

SECOND GENERATION PALM-BASED 
POLYOLS

Triglyceride-based Polyols

The second generation palm-based polyols are 
polyols having improved properties especially 
with low viscosity and low acid value prepared 
from palm oil or its derivatives and polyhydric al-
cohols. Several types of polyols have been prepared 
ranging from 100% palm oil products or with some 
blends of other vegetable oil. As already noted 
high residual acidity will retard isocyanate activ-
ity during the formation of PU by interfering with 
the isocyanate/hydroxyl reaction to form urethane, 
urea, and/or isocyanurate polymers. Accordingly, 
the improved performance is a direct result of de-
creased residual acid content of the polyol which 
results in faster reactivity and/or lower PU cata-
lyst requirements in formulations using polyols 
derived from blends of vegetable oils. A patent has 
been filed in Malaysia (PI20070797) and in the Unit-
ed States (US 2008-0293913-A1), entitled Process to 
Produce Polyols (Hazimah et al., 2008). Through this 
invention, three types of polyols could be produced 
with wide range of hydroxyl number, iodine value 
and viscosity as shown in Table 2. The prepared 
palm-based polyols were then used to produce 
assorted numbers of PU foam products. The PU 
products can be rigid, semi-rigid or flexible foams 
suitable for construction, furniture and automotive 
materials. 

MPOB also successfully commissioned in July 
2000, an 800 kg per batch pilot plant for palm-based 
polyol production. To date, more than a hundred 
batches of palm-based polyols have been generated 
by the pilot plant. Most of the polyols produced 
were sent to our collaborators for pre-marketing 
trials and mass production of PU products. At pi-
lot plant scale production, the properties of palm-
based polyols obtained have been fairly consistent. 

Fatty Acid-based Polyols

Besides producing polyols directly from palm 
oil, MPOB has also invented a new type of polyol 
made from palm oil by-product and a patent has 
been filed in the United States with patent number 
US 7 629 478 B2, entitled Process for the Production of 
a Polyol Monomer (Hoong et al., 2009a). The polyol 
referred to as PolyMO, has higher functionality 
than the triglyceride-based polyols and this has 
made it to be more suitable for making two com-
ponents polyurethane (2K PU) coating formula-
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tions. PolyMO is prepared from glycerol and oleic 
acid, which are abundantly available in Malaysia. 
Oleic acid which is relatively low priced is a by-
product of palm kernel oil, and is generated during 
extraction of lauric and myristic acids. Both lauric 
and myristic acids are the main feedstocks for the 
production of surfactants. In addition, the other 
component for this polyol is glycerol, a basic oleo-
chemical highly susceptible to price fluctuation. 
In order to safeguard the market price of glycerol, 
a lot of work is being done to diversify the usage 
of glycerol through its conversion to more value-
added chemicals. One of them is polyol. Polyol is 
produced by esterification, epoxidation and alco-
holysis. The typical properties of PolyMO are given 
in Table 3. Enhanced by its light colour, PolyMO is 
more suitable for PU rigid foam, coating, adhesives, 
sealants and elastomers (CASE). This wide range of 
applications has opened up more windows of op-
portunity in polymeric materials for renewable raw 
materials like palm oil.  

TABLE 1. PROPERTIES OF PALM-BASED POLYOLS

Parameters RD-PG11 RD-PG31 RD-PG51

Appearances @ 25ºC Paste Liquid Liquid
Hydroxyl value, mg KOH g-1 sample 185-250 110-145 125-185
Acid value, mg KOH g-1 sample 6-7 6-7 6-7

Specific gravity @ 50ºC 0.94 0.94 0.94
Melting point, ºC 40 - -
Storage temperature,  ºC 25-30 25-30 25-30
Storage stability, months 6 6 6
pH (10 g in 60 ml solvent) 4-5 3-4 3-4

  
Note: RD-PG11, RD-PG31 and RD-PG51 are different batches of polyols.
Source: Salmiah et al. (2002).

TABLE 2. PROPERTIES OF PALM OIL-BASED POLYOLS (POP series)

  Properties Palm oil-based polyols (POP series)

POP 
Pioneer

POP 
Primer

POP 
Premier

Hydroxyl value, mg KOH g-1 sample 90-150 100-130 60-85

Acid value, mg KOH g-1  sample 0.7 0.8 0.7

Iodine value, g I2 (100 g sample)-1 6 5 6

Viscosity  @ 25oC, cP 1 800-9 000 2 000-9 000 600-1000

pH (pH strip) 6 6 6

Moisture content, % ≤ 0.05 ≤  0.05 ≤  0.05

Note: POP Pioneer, POP Primer and POP Premier are different types of polyols.
Source: Maznee et al. (2008).

APPLICATION OF PALM-BASED POLYOLS 
IN POLYURETHANE PRODUCTS

Palm-based polyols from MPOB’s pilot plant were 
used to formulate PU-based products targeted for 
a variety of applications. This was carried out in 
order to evaluate their suitability and versatility 
and much more importantly their performances. 
The results obtained indicated that they are 
excellent as insulation foams for refrigerators, 
roof, wall and ceiling panels, plus they can also be 
formulated into cornices, flower foams, lazy foams, 
automotive parts and CASE.  

Ceiling Panels

The tendency towards lightweight construc-
tions, increasing labour costs and lack of skilled 
personnel has increasing forced the building in-
dustry to develop new technologies and materials 
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(Siwayanan et al., 2001). In view of the building 
industry requirement and huge market potential, 
development on palm-based PU foams for ceiling 
panel was intensified. MPOB was able to produce 
Monier CoolBoard, a product made from palm 
oil-based PU through collaboration research with 
InterMed Sdn Bhd and Lafarge Group, the big-
gest manufacturer of roof tiles in Malaysia. Monier 
CoolBoard is one of the key components of Monier 
CoolRoof system. The Monier CoolRoof system has 
been tested and is proven to reduce the daily total 
heat transmission from the roof to a room by up to 
87%, while the additional cost to incorporate the 
CoolRoof concept is estimated at only 0.5% to 2% 
(depending on design) of the total building cost. 
This product is ideal for hot (tropical) countries like 
Malaysia. The physical properties of ceiling panel 
are given in Table 4. For example, a guard-house 
in Advanced Oleochemical Technology Division 
(AOTD) built using palm-based PU wall panels and 
insulated with palm-based PU ceiling panels, was 
found to be 5°C-7°C cooler than a normal guard-
house without Monier CoolRoof system. This im-
plies energy savings if a normal house needs to be 
air-conditioned especially in hot and humid coun-
tries like Malaysia. 

Flexible PU Foams

The largest PU production goes into flexible 
foams. Thus, the appplication of bio-renewable 
polyols for flexible foams is much more desirable. 
Palm oil-based polyols have been found to be suit-
able for production of flexible slabstock PU foam 
(Norin et al., 2004). A local company, which special-
ises in production of flexible PU slabstock foam, has 
incorporated palm-based polyol into their product 
formulation. The commercial production of palm 
oil-based flexible PU slabstock foam is on-going. A 
typical formulation for palm oil-based flexible PU 
slabstock foam is tabulated in Table 5, while Table 6 
shows the physical properties of the foam. 

TABLE 3. PROPERTIES OF PolyMO POLYOLS

Properties PolyMO

Hydroxyl value, mg KOH g-1 sample 220-240

Acid value, mg KOH g-1 sample 10-14

Iodine value, g I2 (100 g)-1 sample 45-50

Viscosity  @ 25ºC, cP 650-1 500

pH (pH strip) 5-6

Moisture content, % 0.1-0.3

Lovibond tintometer (L,a,b) 0.3L, 0.2a,1.5b

Source: Hoong et al. (2008).

Automotive PU Components

Today‘s key objectives for the automotive in-
dustry are to develop cars which are clean, safe, 
energy-efficient and affordable. Normally, a typi-
cal family car, contains around 18 kg of PU and a 
luxury car, contains about 30 kg of PU. Most of the 
properties of automotive PU components can be 
tailored during the developmental phase that can 
meet the needs of a particular automotive appli-
cation. Recently, we have successfully carried out 
factory trials on the production of automotive PU 
parts using our palm-based polyols. The targeted 
automotive PU parts were carpet underlays, pad 
dash panels and moulded car seats. The formulat-
ed palm oil-based PU was applied in the targeted 
products in their respective moulds. The formula-
tions of the PU products contained palm-based 
polyol, petroleum-based polyol, catalysts, cross-
linkers, surfactants and water as the sole blowing 
agent. A local company has adopted the technol-
ogy and they have carried out mass production of 
the said automotive PU parts. The performance of 
moulded palm-based PU for car seat application 
was tested according to ASTM 3574 and compared 
with General Motor’s Standard (GM 6293M). The 
results obtained are summarised in Table 7. Mean-
while, the performance of moulded palm-based PU 
for pad dash panel was tested according to ES-X 
62105 (Mitsubushi Standard) and the results ob-
tained are summarised in Table 8.

Palm-based Coated Fertilisers

Coated fertilisers have the advantages of reduc-
ing labour cost during farm application, lowering 
risk of root cell plasmolysis, providing uniform nu-
trient to plants and minimising potential leaching 
which could cause environmental damage. In the 
fertiliser industry, many attempts have been made 
to provide a fertiliser product having a coating ma-

Palm-based Polyols and Polyurethanes: Two Decades of Experience
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TABLE 4. THE PHYSICAL PROPERTIES OF PALM-BASED CEILING PANEL

Physical properties Results

Dimensional stability Good (if PU is moulded)

Thermal conductivity Wm-1 K-1

0.042
(Gypsum – 0.49, glasswool – 0.048, rockwool – 0.0036, petroleum 

polyol– 0.025)

Hardness (shore A) 30

Sound transmission 
Classification (STC)

22
(Glass wool – 8, rockwool – 7 )

Water absorption, %
36

(Glasswool – 620%, rockwool – 270%, petroleum polyol – 36%)

Source: Siwayanan et al. (2001).
Note: PU - polyurethane.

TABLE 5. TYPICAL FORMULATIONS FOR PALM OIL-BASED FLEXIBLE POLYURETHANE (PU) SLABSTOCK 
FOAMS

Chemical Petroleum-based PU Palm oil-based PU

Petroleum-based polyol, pphp 100 70 – 50
Palm-based polyol, pphp 0 30 – 50
Stabiliser, pphp 1.6 0.9 – 1.5
Amine catalyst, pphp 0.12 0.1 – 0.25
Metal catalyst, pphp 0.41 0.35 – 0.5
Blowing agent, pphp 5 4 – 6
Diluents, pphp 20 15 – 20
Polymer polyol, pphp 20 0
Filler, pphp 10 8 – 12
Isocyanate (TDI), pphp 64 <115> 60 – 70 <110 – 115>

    
Source: Hoong et al. (2007).

TABLE 6. TYPICAL PHYSICAL PROPERTIES OF PALM OIL-BASED  
    FLEXIBLE POLYURETHANE (PU) SLABSTOCK FOAMS

Properties Petroleum-based PU Palm oil-based PU Test Method

Density, kg m-3 12.7 12.3 ASTM D 3574 A

Hardness @ 25 %, N 94 98 ASTM D 3574 B1

Hardness @ 65 %, N 198 200 ASTM D 3574 B1

Tensile strength, kPa 62 57.3 ASTM D 3574 E

Elongation, % 98 72 ASTM D 3574 E

Source: Ooi et al. (2006b); Hoong et al. (2007).  
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TABLE 7. THE PHYSICAL PROPERTIES OF MOULDED PALM-BASED POLYURETHANE (PU) 
FOR CAR SEAT APPLICATIONS 

Parameters *GM 6293M Results

Density, kg m-3 (min) 24 78

Tensile strength, KPa (min) 82 108.5

Elongation at break, % (min) 100 405.3

Tear strength, Nm-1 (min) 180 235

Compression set at 50%, % (max) 25 4

Sag factor (min) 2.4 2.6

Note: *General Motor Standard Test Method. 
Source: Mohd Norhisham et al. (2009).

TABLE 8. THE PHYSICAL PROPERTIES OF MOULDED PALM-BASED PAD DASH PANEL (PDP) 

Parameters Testing method Standard Commercial Palm-based PDP
Tensile strength, MPa ES-X 62105 3.5 or more 16.5 12

Elongation at break, % ES-X 62105 200 or more 91.8 160

Peel strength, N (25 mm)-1 ES-X 62105 1.0 or more - 1.02

Heating loss, % ES-X 62105 4.0 or less - -1

Odour test: ES-X 62105 No excessive stimulant 
or other objectionable 

odour as compared 
with the standard

No excessive 
stimulant

A lingering 
irritant sensation 
for noise

Wear resistance ES-X 60210 3 or more 3 3

Chemical resistance test ES-X 60210 No visible discolour, 
peeling off, cracks, 
blisters and other 

defects.

No defect No defect

Heat ageing loss ES-X 60210 No visible distortion, 
deformation, discolour, 

tear, cracks, peeling 
off, excessive hardness 
change, tack and other 

defects.

No visible change No visible change, 
slightly distortion and 

brownish

Heat cycle test ES-X 60210 No visible distortion, 
deformation, discolour, 

tear, cracks, peeling 
off, excessive hardness 
change, tack and other 

defects

No visible change No visible 
change, there was 

discoloration

Flammability (mm min-1) ES-X 60410 80 or less Self extinguishing Self extinguishing

Source: Mohd Norhisham (2008).

Palm-based Polyols and Polyurethanes: Two Decades of Experience
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terial that could provide slow release of the nutri-
ent, rendering it effective over a long period of time 
after application. Thus, MPOB has also embarked 
on research to produce palm-based coated fertilis-
ers. Through the research, it was found that palm-
based coated fertilisers have better appearance than 
uncoated fertilisers. In terms of nutrient release of 
nitrogen, phosphorus and potassium (N, P and K), 
uncoated fertilisers release nutrients much faster 
than the fertilisers coated with one, two and three 
layers of palm-based coating material. Besides that, 
the performances of palm-based coated fertilisers 
were found to be comparable to two coated fertilis-
ers which were soya-based and petroleum-based.     

APPLICATIONS OF FATTY ACID-BASED 
POLYOL POLYURETHANE PRODUCTS

Palm-based Coatings

In order to produce palm-based coatings, 
PolyMO was first converted to its corresponding 
esters, which were then formulated with a rep-
resentative spectrum of industrial isocyanates or 
polyisocyanates to two component (2K) PU coat-
ings. Through our collaboration with Wilhelm-
Klauditz-Institut (WKI), Germany, the targeted 
products were found to be suitable for coating 
systems for wooden products and plastic materi-
als. Some chemical and physical properties for the 
different applications in wood products were deter-
mined and found suitable for furnitures, floorings 
and exterior applications. Two types of PU coating 
were produced by using aromatic isocyanates and 
aliphatic isocyanates. Quick tests on the aromatic 
coatings were conducted by using beech wood. 
The thermal properties such as glass transition, Tg 
and melting point were determined by using differ-
ential scanning calorimetry (DSC) and the results 
were very similar to those of commercial coatings. 
In the impact test, the force needed to be applied 
on the coating was 20 Newton (N) before any dam-
age became visible. The limit to pass the test for a 
flooring laminate is 10 N. Its adhesion on wood, 
polyvinylchloride window frame and polyester 
materials was excellent as determined by a cross-
cut test. However, adhesion to polypropylene was 
slightly poor. Meanwhile, the coating film prepared 
from aliphatic isocyanate appeared to be absolutely 
transparent. The resin was found to be compatible 
with most of the aliphatic isocyanates used. 

Palm-based Adhesives  

Locally, fibre boards are made from rubber-
wood fibres and urea-formaldehyde (UF) resins are 
used as binders. The implementation of strict regu-
lation in European countries and Japan that require 
zero emission of formaldehyde has discouraged the 

use of urea-formaldehyde resins in local fibreboard 
industries. This scenario has created opportunity 
for palm-based PU adhesives to be deployed by 
local fibreboard producers. Palm-based PU adhe-
sive formulation only consists of isocyanate and 
PolyMO, the oleic acid-based polyol. The charac-
teristics of high density fibre board (HDF) prepared 
with palm-based PU adhesive in comparison with 
a commercial product are shown in Table 9.

The test results showed that fibreboards bond-
ed with palm-based PU adhesive exhibited better 
board properties than the commercial board even 
with lower adhesive content (Trials 2 and 3). In ad-
dition, this is also an improved technology for fi-
breboard industry, whereby the process improved 
the safety features during fibreboards manufactur-
ing by elimination of formaldehyde emission asso-
ciated with the usage of urea-formaldehyde adhe-
sive. 

Palm-based Rigid PU Foams

Rigid PU foams are currently the materials 
with the lowest thermal conductivity properties 
among foamed polymers used commercially. They 
have been widely utilised in appliances and con-
struction industry because of their excellent and 
unique combination of thermal insulation and me-
chanical properties. In addition, they are light in 
weight, versatile and are employed increasingly in 
a variety of applications that include thermal and 
acoustic insulation, core materials for sandwich 
panels, fabrication of furniture and floatation mate-
rials (Chuayjuljit and Sangpakdee, 2007). Rigid PU 
foams for decorative wall panels as construction 
material could also be formulated from PolyMO. 
The decorative panels made from palm-based PU 
foams are lighter than those made from cement, 
polyester resin reinforced with glass fibre and gyp-
sum, which are the current materials used by the 
players of this industry sector. These decorative 
panels have interestingly similar appearance to 
wood-based products. But they have no nutritional 
value for insects and therefore, are not susceptible 
to insect attack. They are also impervious to mois-
ture, dimensionally stable and do not shrink or de-
grade. They could also be sprayed or painted with 
any desired colours. 

CONCLUSION

Palm oil and its derivatives are excellent renewable 
and sustainable resources that have been 
demonstrated as reliable feedstocks for producing 
polyols with properties comparable to conventional 
petrochemical-based polyols. The developed palm 
oil-based polyols and PU technologies have been 
adopted by local companies for the production 
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TABLE 9. CHARACTERISTICS OF HIGH DENSITY FIBREBOARD COMPARED TO COMMERCIAL PRODUCTS

Properties
Commercial 

standard

Palm-based 
PU adhesive 

Trial 1

Palm-based 
PU adhesive 

Trial 2

Palm-based 
PU adhesive 

Trial 3

Type of adhesive UF PU PU PU

Total adhesive, % 12 12 5 5

Isocyanate, wt % 0 0 3.5 3.5

NCO substitution by polyol, % 0 0 30 30

Palm-based polyol, wt % 0 0 1.5 1.5

Tensile strength, Nmm-2 (min) 1.0 2.4 2.2 1.5

Bending strength, Nmm-2 (min) 42 44 43 49

E-Modulus, Nmm-2  (min) 3 200 4 300 4 600 5 011

Swelling,  % (max) 10 7 9 8

Moisture content, % (max) 9 6 6 7

Thickness, mm 8 - 12 8 - 12 8 - 12 8 -12

Note: PU- polyurethane.
Source: Hoong et al. (2009b).

of PU products such as slabstock foams and 
automotive components with good results. More 
research and development activities are being 
carried out in order to evaluate the viability of 
using existing or new palm oil-based polyols for 
other segments of PU industries like rigid, semi-
rigid and CASE.
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