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I. Introduction:

f. Rice hulls, also commonly called rice husks or paddy husks, are a by-
product of the rice processing industry. Por every 162 lbs. of rice (one
bl.rtil) about 30 1bs. of husks (approximately 18,5%) are pi'odl_jgod (1). They
are thus available in large quantities and for this reason a gﬁrut deal of
research has been done into converting rice husks into a useful by-product.
Lanthrop (1) ia 1952 reviewed the industrial utilization of rice husks. The
URS Ressarch Company plbl,uhed their final report (i) on utilization of rice
hulls as recently as September 1970. These reports nhov't.;hat 'dcipitc ail
efforts the effective utilization of rice hulls still remains a problem.

The UNIDO expert working group in its report (3) and Beagle (4) in his report
to the 72nd Annual Meeting of the Rice Millers' Association came ‘_to similar
conclusions. .

2. During the last five months a project was undertaken to develop a fml
board out cf rice husks. Thie work shows the fessibility of producing &
useful panel board from rice husks. 1In this report background informatiom
comparing rice husks as rav matcrials to wood chips and an scomomic cemparison
of the process relative to particle board menufacture is presemted. The

progress to"dnte of experimental work is also given and discusaed.

11, Rice Husks vs Wood Chips:
},. Since the past industrial experience in manufacturing énpoutc boards?®
is largely related to wood flakes and chips, it is uscful to rocognise the
gross structural, chemical and physical property differences between wood

chips and ricc husks. Thus, as opposed tu wood, rice husks contain about 15

to 24% silica’(1). The silica is hcavily concentrated on the surfaces (5) (10),
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As a consequence rice husks are relatively friable and brittle, and are
abrasive in character. During the manufacture of composite boards, wood
chip interfa.es collapse to form mo:: or less continuc 8 surfaces. Such ig

not to be anticipated for rice husks.

*Composite boards, in this manuscript do not include the hardboards
Produced by the wet fibre process.

Wood and wood chips derive their physical strength from long cellulose
tibers, woven so as to form a cellular structure. The fibera in rice husks
are relatively quite small, about O.3mm (1) compared to 2 to 3 mm in soft
woods. Additionelly, cutting of wood to form chips or flakes can be controlled
to take full advantage of grain orientation. Such is not the case for rice
husks.

4. A third important difference 1s that rice husks are easily attacked
by free alkali. All wood adhesives based upon alksli solutions of phenol-

formaldehyde resins are therefore less likely to perform satisfactorily.

Symthetic Adheaives:
Se The four most commonly used s nthetic adhesives for composite board
manufacture are:

(a) Urea-formaldchyde Resins. These resins have been very popular
because of their low cost, light color, fast speed of cure and excelleat
bonding to wood. However, they slowly depolymerixe even under ambiemt cop-
ditions of heat and humidity and have limited wate, resistance. Consequently
they are strictly for interior use. Since they cure under acidic conditions

they could conceivably be reformulated to give a suitable adhesive for rice

hulls,

(b) Melaminc-formaldehyde Resins. These resins are similar to urea-
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formaldchydc resins except in that they have superior water resistance.
However, in most parts of the world the cost of melamine is at present nm;h
higher than that of urca and this limits the use of mela?tine—fomldohyde'
resins.

(c) Phenol-formaldehyde Pwdor Resins. The powdered phenol—
formaldehyde rcsing are excellent binders for wood. They have acceptablc
resistance to water and are clusificd as nui.table for -anufacturin;
materials for cxterior use. They are currently used [or munufacturing ﬂal'e-
board, wch as Aspinite, in Canada. In North An\erica. tho ctushing and grinding
costs associated with their production prices them about Scllb. (33!
spproximately) above the phcnolic ruinn sold as caustic lolutiont ‘l'hlir
use in binding rice husks wn;,rgporth dl early as 1951 (6). However, the
boards made were of very high dmsity. | |

(d) Phenol-formaldehyde Liquid Resins. Most phcnol-tomldohydc
resins for the wood industry are oollld, as caustic aqueou- lol.uti.onl at 35%
resin solids concontntion, and 6 to 10! NaOH concentration. Highcr solid- and
lower caustic detract from resin snbllit.y. Th_c_u factors, on on first

judgement preclude their use as suitable binders for rice husks.

Economic Considerations Relative to Existing Composite Board Manufacturing
Practices:

8. To coms up with the exact cost of produciﬁg particle board er rice husk

board in any given location requitu a detailed annlysis of fixcd u\d

variable costs. 1t was felt. however, that any pancl boards uuda vith rice

husks, for any given location, would have the same fixed costs as thoac for

a particle board plant,. if tlw proccsses were essentially similar. Conaequant-
ly, if the quantity and cost of resin binder used and the press times required
for rice husk board manufacture vere made competitive with those currcatly

used for particle board manufacture, the process would by and large be '
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sconomically vicble, A dotailed cost analysis could ba done for specific

conditions, when necded.

T Currently most composite boards based on wood products are manufactured

vith a urea-formaldehyde rcsin as a binder. The trend, however, is towvards

increased usc of phesol-for .11dehyd: rosine, to introduce prolonged shelf

life of finished product and to permit exterior use (7). In North America,
Phenel-formaldchyde resins cost 30 to 35X more than urea-formaldehyde reging,

8. The exact amount of adhcsive used for particle board manufacture varies

from plant to plant, As en initial comparison point, it was decided to accept

M average figure of 8% resin solids based upon the weight of the finished

board. For threa layer board, ) inch (1.27 cm) or greater thickness, 10 -

12X resin is generally used on the face, keeping the resin in the centre

layer, or core, at the usual 8X level, and these figures were takea for

initial cemparison.

9. Por press time comparison, the following average figures were wsed: -

Board Thickness Phenolic Urea Press Tomperature
Bonded Bonded :
{inches)  (cm) Press Times (Min) ©n e
1/4 0.635 Sy 2 350 176.6
&y 40 210
5/ 1.578 ] Sk 3% 126.6
? 410 210
10.

Yor the sake of completeneas it may be mentionsd that in this

comparison it is assumed that rice husks are delivered cheaper than or equal

to the cost of wood chips. Morcover, since

the wood chips have to be dried

prior to use, while rice hulls are already

8t a relatively lower mofsture
content of approximately 8%, added 8avings in drying costs are to be expected.
Aay economic advantages, over particle board, due to these two fcétorl. again,
have to be worked out for specific cases.




Experinntalz ; B

1. ‘l‘hc adheaive systom used, the wmethod uned for ccating of husks and the
procedure used for making the boards are described below. The finished
boards were tested for intcrna! bond strength and modulns of rupture eccovd-
ing to standard procedurcs.

(a) Adhesive Uscd. In keeping with industry trend it was decided to
initiate the work using an oxterior type or phenol-formaldehyde resin. To
keep the costs under control it was also decided to use liquid phenol-
formaldehyde resins. Ce - Y
12, 'As discussed earlier the currently uscd liquid phenol-forma)dehyde
resine, that are 35% solution with 6 to 10X NaOH in water, were judged to be
uvnsuitable for binding rice hulls.

13, Taking advantage of the modern day tachnology, a special resin, based
upon plienol-formaldehydc was used. This resin has some very special properties
that make it particularly suitable fur this application and also improve the
sconomics of packaging and shipping. These featurea are aummarised below:

1. The resin can be manufactured, stored and shipped at 80 ~
90X resin solids. A given container can thereby contnin apprdxiuuly
2 times the amount of effectivcly usable rnln. wtth corrupondin. '
nvtn;a in packaging and freight costs. ST

"2, 1f the resin is manufactured close to a formaldshyde plaat,
the age old problem of the cost of shipping 37X formaldehyde can be
largely overcome. S T

3. The mnew resin is very stable at awbient temperatures
encountared even in tropical countries. It is catalysed prior to use
-and the catalysed resin has a shelf life of over 24 hours. The '
catalysed resin is rclatively fast curing at temperatures sbove 350°F.

4. The rice husks, after being coated with the polymer, can be
atored for over two weeks prior to pressing in a hot press.

S.  The cost of producing the resin is only 5% more than the cost
of producing a conventional phenol-formaldehyde resin as a caustic

T o
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solution. It is cstimated that this aduitional cost is more than offset
by the cost savings associated with lower packaging and freight costs

together with the shorter press times attained.
(b) Coating of Rice Husks with the Adhesive. A weighsd quantity of

rice hasks vas charged inte a cylincered hlender. The blender was equipped
with baffles, was capable of rotating around its axis and had a hole in the
center for the insertion of a spray nozzle. After charging the rice huske
the blender vas rotated and 8% by weight of the aynthetic resin was sprayed om
the husks using an externally air atomizing type spray gun. After spraying,
the blender was opened and the coated husks discharged onto & tray.

14. Ths huske as charged had a moisture content of 8X. After coating,

the moisture level increased to 16X. The husks ware then sir-dried over

sight, which reduced the moisture level to below 12%.

(c) Mat Porming. The dried husks were spread on an appropriate
size csul plate. The amount of coated husks spresd for a given board were
calculsted from the desired density of the finished board. Two steel stops
of appropriate thickness, each 2" (5.08 cm) wide were placed on each end
of this mat and a second caul Plate was placed on the top of the mat.

(d) "reasing of the Board. The rice husk mat vas placed into a
preheated hot press snd the press closed, using a definite pressute. Boards
of various sizes of 1' x 1' to 4' x 8', and tvo thicknesses, 1/4" (0.635 ca)
and 3/8" (1.578 cw), and temperaturcs ranging from 200°p (156 C) to
410°r (210° C) snd press times ranging from 8 minutes to 20 minutes vere
made,

Y. Results:

15. The preliminary results that lead to the selection of s system for e
test run on a full size commercial press are not reported here for the sske

of brevity. It was found however, that satisfactory and reproducible bosrds,
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5/8" (1. 587 cm) could be wade using press times of 7 minutes at 410%r (210%)
and 12 minutes at 350°F (176.6°C). These press times at thess resin levels

vere considered to be acceptable aud seversl 4' x 8' (122 x 244 cm) and &'
x &' '(1'2"2 x 122 cm) boards werc made snd tested.

16, The test rssults follow:

Deneity Internal Bend

Thickness 3 3 Strength 2
Inches __ Cms lbe/ft kge/m pod . /cm
1/4 0.635 45 720.9 90 6.328
1/4 0.63% 52 833.04 100 12.656
5/8 - 1.578 A 720 ” 4.921
5/8 1.578 ' 52 '833.04 - 110 7.7%

Modulus of Rupture 1400 to 1600 psi

Plame spread vating (Tunnel Test) - 100

Swelling on one hour boil -8~-12%

All boards pasesd four hour boil test.

The boards can be routed and hold screvs and nails on fece quite well.

Bdge nailing can be dons 2" (5.08 cs..) away from cermer.

17. Purther extensive testing of the bosrds, with a view to establishing

more specific uses of the board are undervay.

1. Discussion of Results and Conclusions:
18, Prom the results obtained it may be concluded that cemmersisl sise
4' x 8' (122 x 244 cn) bosrds of varying thicknesses cea be preduced frem

rice husks using equipment and procedures curremtly femilisr te the perticle

board industry, and at resin levels and press times accuoptsblc to preseat
day sconomics of the particle board industry. The process mey, therefore,
be regarded as compotitive with phenolic particle board of the interior and

exterior type.
19, The phyeical properties of the boards shew that it is potestially
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usable for furniture, woll paneling and as floor underlayment, The
specifications for exterior type composite boards as laid out for floor
underlayment by FHA (8) and according to the Voluntary U.S. industry
standards (9) call for an Irternal ! nd strength of 70 psi and a -odulu'
of rupture of 1600, at board densitics of 45 lbs/fta.

20, The modulus of rupture values obtained at present are probably too lew
to consider using the product without overlays for packaging. Some of
these handicaps will be overcome by further research. This initisl study |
is being followed up to further enhance the board propertics by studying
the role of surface vencering, overlays, additives such as water repellants
and insecticides, and optimizing thc adhesive and process variables.

21, The flane apread rating of the product is obviously an advantage

over currently availsble composite boards.
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