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Abstract

The force of urea-starch origin adhesive was studied on the (wood-wood) surfaces
in all experimental to know the convenient it in wood industries. We found the
maximum shear stress (0.543N/mmz2), Elongation (1.41%) and modulus (2 N/mm2)
when curing temperature (250C) for curing time (7 days).Also the adhesive was
cured at temperature (1600C) for different curing time (10, 20, 30, 50 Min.). The
result was found the maximum shear stress (0.896N/mmz2), Elongation (1.7%) and
modulus (1.3 N/mm2) at curing time (10Min.). The effective of adhesive by
immerse in water and absolute ethanol also studied. The more effected in adhesive
was by water and was increasing the swelling with increased the time. When
iImmerse the adhesive materials in ethanol was very limited affected and the
swelling was nearly stable in the period of time from (10Min.) to (50Min.).The
weight loss with time was studied at the temperatures of 160 oC. The amount of

weight reduction was increased with the time.
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Introduction
The starch chemical formula (C6H1005)n is a polysaccharide carbohydrate
consisting of a large number of glucose units joined together by bonds. The starch
react with urea by active groups in starch (-OH) and urea (-NH2) as shown in the
belowl.

CHZOH CHOH | CH.OH

0 0 0 H2S04

OH AN Yi\a +n(NH2CONH2) —
OH 0 O OH

OH OH | 300-600 OH


http://en.wikipedia.org/wiki/Chemical_formula
http://en.wikipedia.org/wiki/Polysaccharide
http://en.wikipedia.org/wiki/Carbohydrate
http://en.wikipedia.org/wiki/Glucose
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There has been considerable interest in the starch for enhancing the adhesion , and
previous studies have included the wood adhesive was developed by cross linking
corn-starch and poly(vinyl alcohol) (PVOH) with hexamethoxy-methylmelamine
(Cymel 323) . Citric acid was used as a catalyst and latex (UCar 443) was added to
improve moisture resistance2. The interfacial reaction of the polyethylene
(PE)/starch Dblend system containing the reactive compatibilizer maleated
polyethylene (m-PE) was directly characterized by Fourier transform infrared
(FTIR) spectroscopy3. The effects of starch origin (potato, corn, and rice starches)
and hypochlorite level (NaOCIl, 0.8% and 2% w/w) on the structures and
physicochemical properties of oxidized starches were investigated. Oxidized starch
batters exhibited greater adhesions than did native starch batters, with rice starch
batter exhibiting the greatest adhesion4 . The surface energies were used to
estimate the starch/polymer interfacial energy and work of adhesion5. Kinetic
studies of gelatinization of cornstarch adhesive under conditions simulating those at
the corrugator revealed that the rate of advance of the gelatinization front in the
starch film was linear with square root of time6. The experiment of bacteria
adhesion onto starch granules is conducted. It is found that anaerobic saccharolytic
bacteria have the highest adhesion ability in their growth and initial stage of
stationary phase7. A series of starch graft copolymers were prepared from
commercial cornstarch products and vinyl monomers and were evaluated as
adhesives in pigmented paper coatings8. The extension of a centrifuge technique to
measure adhesion and friction forces to an ultracentrifuge has been described. The
equipment and procedure provide many experimental possibilities of which the
adhesion of single particles to flat compacted powder surfaces has been used to
measure the adhesion and friction force of starch microspheres to microcrystalline
cellulose9. Contact angles of water and other liquids were measured on films and
extruded ribbons of normal, high amylose and waxy cornstarch using a Chan
dynamic contact angle analyzer10. The effect of processing of cassava methods on
the suitability of cassava starch produced for adhesive formulation were
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investigated. Out of the three processing methods, the one without steeping gave
the best starch for adhesive production in terms of the physico-chemical properties
such as swelling power11. The stability of 70 : 24 : 6 w/w/w blends of a lactic acid-
based hot melt adhesive (LHM), oxidized potato starch (dried or nondried), and
polyethylene glycol (PEG) was studied12. In the wood processing industry
considerable amounts of starch products are used as extender for the gluing with
synthetic resin adhesives based on aminoplasts (urea and melamine resins)13.
Prepare thin-boiling and no gelling adhesives, granular wheat and corn starches
were thinned by treatment with aqueous hydrochloric acid or sodium hypochlorite
and then hydroxypropylated with propylene oxidel4. A combination of soy flour
and isolated soy protein was investigated as the adhesive in pigmented paper
coatings that contained dialdehyde starch (DA) as the insolubilizing agentl15.
Functionalized metallocene copolymers synthesized from ethylene with 5-hexen-1-
ol and ethylene with 10-undecen-1-ol were used as compatibilizers in LDPE/starch
and LDPE/dextran blends in order to improve the interfacial adhesion between
hydrophobic LDPE and hydrophilic natural polymers16. The influences of
inorganic phosphates, as residuals and/or impurities within starch, on the adhesion
of acid-treated cornstarch phosphates to cotton and polyester fibers were
investigated for warp sizingl7. The influence of starch carbamoylethylation upon
the adhesion capability of starch to pure cotton, all polyester, and polyester/cotton
blend fiber substrates were investigated18. The develop a new route for surface
functionalization of biodegradable polymers. The method is based on a wet
chemistry modification, resulting in etching and/or hydrolysis in order to increase
the amount of polar groups, such as hydroxyl (—OH) and carboxylic (—COOH)
groups on the surface of the polymer. The polymer used as substrate was a corn
starch-ethylene vinyl alcohol biodegradable blend19.

Experimental
The adhesive content is:

Material Amount
Starch 50 (g.)
Urea 12 (g.)
Water 420 (ml)
Sulfuric acid(H2S04) (29%W) 1 (Cm3)

The procedure for attended Starch — Urea adhesive was as following:-

(1)Add urea to the (140 ml) of water in a pot and heating them to the boiling point
temperature. After that the sulfuric acid (H2S04) was added to the mixture.

(2) Mix starch with (280 ml) of water at room temperature and well stirred until the
mixture be homogenous.

(3)Continuously, add few mixture of starch-water to the mixture of hot urea-water
and continuous with well stirring and heating at boiling point temperature until all
amount of starch-water mixture finish.
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(4)Lift the adhesive from supplying heating source and let it cooling to room
temperature after that we can use it in specimen.
(5)The wood specimen attended according to the ASTM ( D1002 ) for testing shear
stress.
(6) Let the specimens drying at room temperature for 1 day.
(7)The specimens were cured at the temperatures and times requirement.
(8) The specimens leave to cooling at room temperature, after that it makes
convenient tests.
Discussion

The force of urea-starch adhesive was studied (by apparatuses Gunt
HAMBURG,WP300.20,made in Germany) on the wood surface in all experimental
to know the convenient it in wood industries .The adhesive was studied on the
wood surface at curing temperature (250C) for curing time (7 days) to dry it. We
found the maximum shear stress (0.542501N/mm2), Elongation (1.41%) and
modulus ( 2N/mmz2 ) as show in fig.(1) and table (1). It should be noted that in
uniaxial loading the stress(S), S, is simply the force (F) divided by the cross-
sectional area (A) and the strain, E, is the deformation (L) divided by the original
length (L,). The modulus (M) of the material is then the ratio of stress/strain20.

F

Stress, 5= —
A

L
Strain(Elongation), E= T

5
Modulus, M= z

Table(1):Shear Stress (N/mm2) — Elongation(%) for starch- urea adhesive
curing at room temperature (25 o C) and time(7days).

E[%] 0 0.05 0.21 0.63 0.7 0.8 0.9 0.97 1.04
S(N/mm2) |0 0.0465 | 0.062 0.0775 | 0.093 |0.1085 |0.124 | 0.186 0.217
E[%] 1.13 1.18 1.23 1.27 132 |14

S(N/mm2) | 02945 | 03565 |04185 |0465 | 0527 |0.5425

—S (NS mm2)
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£
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g 0.3
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=
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Fig.(1):Shear stress (N/mm?) - Elongation(E%) for
starch- urea adhesive curing at room
temperature(25C) and (7days) .
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It is found that the adhesive behavior as elastomeric materials21 as shown in

fig.(L).

When adhesive cure at temperature (1600C) and curing time (10 min.) on the
wood surface, it is found the maximum shear stress (0.895755N/mm2), Elongation
(1.7%) and modulus ( 1.3N/mmz2) As shown in fig.(2) and table (2) below. Also we
can seen from fig.2 the adhesive materials behavior as elastomeric polymer21.

Table (2): Shear stress (N/mmz2) wvs.

Elongation (E%) for starch- urea

adhesive curing at temperature(1600 C) and time(10Min.).

S(N/mm2) [E[%] [ S(N/mm2) | E[%]
0 0 0.699318 | 0.86
0.03143 0.04 0.715033 | 0.96
0.06286 0.08 0.746463 |1
0.09429 0.12 0.762178 | 1.05
0.15715 0.17 0.777893 |1.12
0.235725 |0.22 0.793608 | 1.17
0.290728 |0.26 0.793608 | 1.22
0.353588 | 0.3 0.809323 | 1.26
0.432163 |0.35 0.825038 | 1.32
0.510738 |0.39 0.840753 | 1.36
0.573598 |0.44 0.856468 | 1.42
0.589313 |0.48 0.856468 | 1.47
0.605028 |0.54 0.872183 | 1.52
0.620743 |0.63 0.88004 1.56
0.652173 |0.74 0.88004 1.61
0.667888 |0.78 0.895755 | 1.65
0.683603 | 0.82 0.895755 | 1.7
—S(N/mm2)
1
E 07 —
%‘ 0.6 —
£ o /
2 03 /
2 02 /
o0l /
0
0 0.5 1 1.5 2
Elongation(%)
Fig.(2)Shear Stress (N/mm?) - Elongation(E%) curve for
starch- urea adhesive curing at temperature(160°C)
and time(10Min.).
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When curing adhesive at temperature (1600C) and curing time (20Min.) was
found the shear stress of adhesive decrease to the (0.1085N/mmz2) and also the
elongation decrease to the (0.14%) and the modulus was (1.07N/mm2).The high
decreasing in shear stress and elongation because the degradation in adhesive
materials as shown in Fig.( 7) and table ( 7). From Fig.(3) and table(3) the adhesive
materials behavior as elastomeric materials21.

Table(3):Shear Stress (N/mm2) vs. Elongation(E%o) for starch- urea adhesive
curing at temperature(1600 C) and time(20Min.).

S(N/mm?2) 0 0.031 0.093 0.1085
E[%] 0 0.04 0.09 0.14
e S (N /MM 2)
0.12
—_ _______,_..—-—--""
~ 0.1
£
2 006 e
g 0.04 /.
2 002
0
0 0.05 0.1 0.15
Elongation(%)
Fig.(3):shear Stress (N/mm?) - Elongation(E%) curve for starch-
urea adhesive curing at temperature(160°C) and
time(20Min.).

When adhesive cure at temperature (1600C) and curing time (30 min.) on the
wood surface, it was found the maximum shear stress (0.217N/mm2), Elongation
(10.33%) and modulus (2.5N/mm2) As shown in fig.(4) and table (4) below. Also
we can seen from fig.2 the adhesive materials behavior as elastomeric polymer21.

Table(4) shear Stress (N/mm2) vs. Elongation(E%o) for starch- urea adhesive
curing at temperature(1600 C) and time(30Min.).

S(N/mm2) | E[%]
0 0
0.062 0.088
0.0775 0.972
0.093 1.02
0.093 1.06
0.1085 1.108
0.1395 1.156
0.1705 1.196
0.217 1.24
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Fig.(4)Shear Stress(N/mm?) - Elongation (E%)curve for
starch- urea adhesive curing at temperature(160°C)
and time(30Min.).

The adhesive cure at temperature (1600C) and curing time (50 min.) on the
wood surface and the result was the maximum shear stress (0.341N/mm?2),
Elongation (0.42%) and modulus ( 0.75N/mm2) As shown in Fig.(2) and Table (2)
below. Also we can see from Fig.5 the adhesive materials behavior as brittle
polymer21.

Table(5):Shear Stress (N/mmz2) vs. Elongation (E%o)for starch- urea adhesive
curing at temperature(1600 C) and time(50Min.).

S(N/mm2) | E[%]
0 0
0.031 0.04
0.0465 0.09
0.062 0.13
0.0775 0.17
0.124 0.22
0.155 0.26
0.186 0.3
0.248 0.34
0.279001 |0.38
0.341001 |0.42
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Fig.(5):Shear Stress(N/mm?2) - Elongation(E%) curve
for starch- urea adhesive curing at temperature
(160°C) and time(50Min.}).

The effective of adhesive by immerse in water and absolute ethanol also studied.
The more effected in adhesive was by water and was increasing the swelling with
increasing the time as shown in Fig.(6) and Table(6) below. But when immerse the
adhesive materials in ethanol it was very limited effected and the swelling was
nearly stable in the period of time from (10Min.) to (50Min.) as shown in Fig.(6)
Table (6).

Table(6 ):Changing in weight(g.) for immerse adhesive in water and ethanol
solvent at temperature (25Co ).

Ethanol weight (g) | Water weight (g) | Time(min.)

0.16 0.44 10
0.156 0.461 20
0.16 0.536 30
0.159 0.623 40

0.149 0.902 50
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Fig.(6 })Changing in wieght(g.) for immerse adhesive in
water and ethanol solvent at temperature (25C° ).

The weight loss versus time was studied at the temperatures of 160 oC. It can be
seen that the amount of weight reduction increases with the time as shown in
Fig.(7) and Table (7). Also the best result of adhesive strength at curing
temperature (160 oC) in (L0Min.) that because less cracking in adhesive with more
oriented the chains of polymer22 as shown in Fig.(7) and Table(7).

Fig.(7):Weight loss (g) of starch -urea adhesive Vs. time(Min.) at curing
temperature (160 oC).

Weight Loss (g.) | Time(Min.)
0.143 10
0.151 20
0.188 30
0.19 40
0.193 50
weight Loss(g.)
G.25
. 0.2
E G.15
Eﬂ G.1
=
G.05
0]
8] 10 20 30 40 50 60
Time{Min.)
Fig.(7):Weightloss (g) of starch -urea adhesive Vs.
time(Min.) at curing temperature (160 °C ).
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Conclusion

The maximum shear stress and elongation was found at curing temperature (160
oC) and curing time (10Min.) and they equal to the (0.896N/mm2), (1.7%)
respectively.

Very limited effected was found in adhesive material when immerse adhesive
material in absolute ethanol. But affected it in water solvent was greater effected
and swelling increase with time increasing.

The adhesive degraded when left it in temperature (160 oC) and the degradation
was increased with the time.
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