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Abstract Surface chemical characteristics of straw fiber
have a great effect on the properties of interfacial conglutina-
tion between straw fiber and adhesives. In our study, straw
was treated by four different methods—hot water, acetic acid,
sodium sulfite and sodium hydrid sulfite. Our results show
that the main chemical group of straw fiber, under the four
different treatments, has not changed significantly. The acetic
acid treatment reduces pH values of straw fibers and has a
significant effect on the internal bonding strength of straw
fiberboards. The modulus of rupture and modulus of elastic-
ity did not clearly improve with the four different treatments.
The thickness swelling of straw fiberboard treated in different
ways is higher than that of standard values. It is concluded
that acid treatment is optimal for producing good quality
straw fiberboard.

Keywords straw, different pretreatment, medium density
fiberboard

1 Introduction

China is a country which lacks forest resources but has abun-
dant agricultural residues, such as straw for example, with
about 135 million ton of output every year. As a desirable way
to resolve the raw material problem for many Chinese wood-
based panel manufacturers, manufacturing techniques of
agricultural residue (such as straw and wheat straw) compos-
ites are being developed widely these days (Zhou and Mei,
2000). At present, researchers and manufacturers are both
encountering many technical difficulties because of the
individual characteristics of straw, largely the waxy layer on
the surface of straw. So far isocyanate, a polymeric diphenyl
methylene diisocyanate (PMDI), is the main adhesive in
production. PMDI is eight to ten times more expensive
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than urea formaldehyde (UF) and has become a bottleneck for
agri-straw-based panel manufacturing. Improving interfacial
conglutination between straw and UF is the main focus of the
Chinese agri-straw industry. Surface chemical characteristics
of agri-straw have a great effect on the properties of inter-
facial conglutination and physical and mechanical properties
of straw-based composites. For this paper, four different
methods—hot water, acetic acid, sodium sulfite and a sodium
hydrid sulfite solution were used, first as pretreatment of
straw and then the straw fiber was processed. The effect of
these pretreatments on the chemical characteristics of straw
fiber and the physical and mechanical properties of straw
medium density fiberboard (MDF) were investigated.

2 Materials and methods

2.1 Raw materials

Fresh samples of straw from Nanjing were used, with a
natural moisture content (MC) of 20% and diameters of 1.2 to
1.5 mm. The straw was cut into pieces of about 50 mm length
and then mixed with hot water, a 2% acetic acid solution, a
2% sodium sulfite solution and a 2% sodium hydrid sulfite
solution successively in vacuum pressure equipment. The
mixture was kept for 20 min under vacuum with the pressure
controlled at 0.12 MPa. The fiber was oven-dried to 8% MC
in a 101-A-2B dryer after it was processed with a ZSP-300
fiber segregator. Characteristics of wood fiber, pretreated
with hot water at 0.15 MPa for 40 min, were compared with
characteristics of straw. Table 1 showed four different kinds
of pretreatment of straw.

Table 1 Different pretreatments of straw material
Raw material Kind of pretreatment Pressure and duration
of pretreatment
Straw Hot water 0.12 MPa, 20 min
2% acetic acid solution
2% sodium sulfite solution

2% sodium hydrid sulfite solution

Wood Hot water 0.15 MPa, 40 min
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UF resin was supplied by the Danyang Medium Density
Fiberboard Plant, with 6.0-7.0 pH value, 2841 mPa-s vis-
cosity and 50% solid content. One percent NH,CI was added
to the UF to accelerate curing.

2.2 Methods

2.2.1 Functional group of straw fiber

Straw fiber between 80—100 mesh, chosen after screening,
was analyzed by a Fourier transform infrared spectroscopy
(FTIR). When infrared rays of a certain frequency are exerted
onto molecules, the functional group of the same frequencies
may co-vibrate and consume ray energy, which is embodied
in the spectrum. According to the spectrum, functional groups
may be determined and then molecules and substances. An
infrared spectroscopy thermo Nicolit 360 from the Nicolit
Company was used in the experiment, which sampled with a
multifunction sampler.

2.2.2  Properties of straw fiberboard

Straw-based MDF and wood-based MDF were manufactured
after their respective fibers were processed and sprayed with
UF. Figure 1 shows the range of the two experimental vari-
ables. Samples for various tests were prepared from experi-
mental boards according to the specifications shown in Fig. 2.

35
<
[a W)
2
ol
Z
£ 15
05| ‘ ;
1 | |
0 05 15 4 55
Time /min
Fig.1 Hot press curve
300
b A
b 11 31 | 41| 51
= 12 32 | 42| 5 -
(=]
r o
R 13| B |33 43] 33
b 14 34 | 44 | 54

.50 150 50 i _50_j 50

Fig. 2 Preparation and dimensions of test specimens (unit:
mm)
A and B were prepared for MOR and MOE tests; panels 11, 12, 32,
42, 53 and 54 for IB tests; 13, 14, 33 and 43 for TS tests; 34, 44, 51
and 52 for other tests.

The specimens were conditioned to the experimental equilib-
rium at 20°C and 60% relative humidity for all tests. Panel
properties—modulus of rapture (MOR), modulus of elasticity
(MOE), internal bonding (IB) and thickness swelling (TS)
were tested according to Chinese National MDF Standards
(GB/T11718-1999). Experimental parameters are as follows:
target density, 0.80 g/cm?; target thickness, 10 mm; panel
size, 300 mm x 300 mm; resin content, 12%; NH,CI, 1%;
press temperature, 180°C; press time, 30 s/mm.

3 Results and discussion
3.1 Chemical characteristics of straw fiber

From the infrared spectrum, the following results can be
attributed to straw and straw fiber: (a) the stretching vibration
peak of the hydroxyl (—OH) group appears at 3,650-
3,200 cm'; the sharp peak of the dissociative hydroxyl group
appears at 3,650-3,580 cm™ and the sharp peak of the joint
hydroxyl group at 3,400-3,200 cm™; (b) the symmetrical
stretching vibration or asymmetrical stretching vibration peak
of the methyl (—CH,;) and methylene (—CH,) groups appear at
2,960-2,850 cm™'; (¢) the stretching absorption peaks of the
C-0O-C and Si-O-Si groups appear at 1,300-1,000 cm™.
This absorption peak appears marked because ester, acther
and alcohol, consisting of C-O, have strong polarity (Wuhan
University, 1995; Zhu, 2000).

Figure 3 shows the infrared spectra of straw fiber surfaces
pretreated with hot water, acetic acid, sodium sulfite and
sodium hydrid sulfite. Hydroxyl absorption peaks appear
strongly at 3,650-3,200 cm™ in each spectrum, which indi-
cates that considerable amounts of hydroxyls appear when
pretreated by four different methods. Compared to straw
fiber, straw has weak absorption peaks in the spectrum (Yao
et al., 2003). In UF and straw, efficient chemical bonds rely
solely on hydroxyl, which appears on the surface of straw
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Fig. 3 Infrared spectra for surface of straw fiber processed with

different methods
a: 2% NaHSO;; b: 2% Na,SO;; ¢: 2% CH;COOH; d: Hot water; e:
Cold water; f: Wood fiber.



fiber. 1 =2,960-2,850 cm™' indicates methyl (—-CH,) and
methylene groups (—CH,) of straw fiber. Straw fiber, pro-
cessed by different methods, has two or three absorption
peaks at 1,300-1,000 cm™!, which indicates that a few carbo-
hydrates and some fat dissolve and then lignin and cellulose
are partly exposed. Two absorption peaks of silicon dioxide
appear slightly at 1,070 and 800 cm™. This is an advantage
for bonding strength between UF and fiber (Wu and Zhou,
2003; Yao et al., 2003). It is seen that wood fiber has an
absorption peak of carbonyl group at 1,733 cm™ in the spec-
trum, whereas all straw fibers have weak absorption peaks
here.

3.2 Properties of straw fiberboard

3.2.1
(MOE)

Modulus of rapture (MOR) and modulus of elasticity

Modulus of rapture (MOR) and MOE of straw MDF are
largely in the same range under the four different conditions.
Figure 4 illustrates MOR and MOE of straw MDF by hot
water, by 2% acetic acid solution, by 2% sodium sulfite solu-
tion and by 2% sodium hydrid sulfite solution treatments.
Straw MDF, pretreated with the 2% acetic acid solution
exhibited the highest MOE value at 2,473.20 MPa, with a
corresponding MOR value of 21.93 MPa. The second largest
MOE value, obtained from rice fiberboard with a 2% sodium
hydrid sulfite solution pretreatment, was 2,390.00 MPa, with
a corresponding MOR value of 21.19 MPa. The MOE values
of MDF processed by hot water and the 2% sodium sulfite
solution were 2,180.00 and 2,013.00 MPa, with correspond-
ing MOR values of 20.52 and 20.43 MPa. The different pro-
cesses have not significantly affected bending properties of
straw MDF, because bending strength is mostly determined
by the strength of the fibers (Xu, 2002). A two percent acid or
an alkaline agent cannot weaken straw fiber strength because
of the small quantity.
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Fig. 4 MOE and MOR of straw fiberboards
3.2.2 Internal bonding (IB) and thickness swelling (TS)

Sample histograms are presented in Figs. 5 and 6 to illustrate
the effect of the four different pretreatments on IB and TS.
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The four processes—hot water, 2% acetic acid solution, 2%
sodium sulfite solution and 2% sodium hydrid sulfite solution
treatment have a significant effect on the IB of straw MDF.
The highest IB value is shown for the acetic acid solution
pretreatment. It was 0.59 MPa. In contrast, the lower IB
values of straw fiberboard were seen with the 2% sodium sul-
fite solution and 2% sodium hydrid sulfite solution pretreat-
ments. Their IB values were 0.32 and 0.34 MPa, respectively.
The effect of the 2% sodium sulfite solution pretreatment on
IB of straw fiberboard was different from that of the hot water
and 2% acetic acid solution pretreatment. Figure 6 shows that
the TS of straw fiberboard could not reach the standard value
of GB and do not satisfy the demand by users.
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Fig. 5 Internal bonding (IB) of straw fiberboards
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Fig. 6 Thickness swelling (TS) of straw fiberboards

When straw fiberboard is manufactured, the pH value is
an important factor and it affects UF curing on the surface of
straw. UF is cured under acidic conditions; alkaline substan-
ces should be avoided. The pH value of straw is 8.0, whereas
it is 6.6 (Wu et al., 2002) after straw is processed to straw
fiber. As expected, the pH value of straw fiber with the 2%
acetic acid treatment was reduced to 4.0, which helps in
developing interfacial conglutination between straw fiber and
UF.

4 Conclusions

Interfacial conglutination between straw fiber and adhesives
has a great effect on the properties of MDF. Our results show
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that the content of hydroxyl groups on the straw fiber surface
increases by hot water, a 2% acidic acid solution, or a 2%
alkaline solution pretreatment. Functional groups, especially
for hydroxyl group of straw fiber, were similar to those of
wood fiber.

Different pretreatments have not clearly affected the sur-
face functional groups of straw fiber. Straw fiber surface
becomes weak, basic, or neutral through sodium sulfite pre-
treatment and leads to lower strength of MDF; in fact, it is
good for splitting fibers (Xia and Fan, 1993). Sodium hydrid
sulfite is a weak acid and cannot really reduce the pH. An
acetic acid treatment reduces pH values of straw fibers and
has a significant effect on physical and mechanical properties
of straw fiberboards. We conclude that acetic acid treatment
is best for producing good quality straw fiberboard.
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