Met hods of Manufacturing Fornmal dehyde-free Ml ded
Products and Rel ated Parts TECHNI CAL FI ELD [ 0001] The
present invention relates to packaging materials and
rel ated nmethods for construction of the sane. Wth
greater particularity the present invention relates to
nol dabl e materials for use in the construction of
pal | ets and met hods of producing the sanme. Wth even
greater particularity the present invention relates to
nol dabl e naterlals and related met hods of using the
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t akes e t years to he degraded. Plastic and
netal pallets are also relatively nore cosdy and
heavier. As oil prices reach the new highs, it is no
| onger cost-effective to use plastic and netal
pal l ets, especially for one-way transportation of
goods by air as charges are nore likely directed to

t he wei ght of packed cargo, including the weight of
pal l et. [0005] Conventional open-nolding process is
mai nl y used for manufacturing of flat sheet or board.
As there is no built-up wall along the paraneter, the
nol ded product usually requires trimmng and has
relatively | ow density Conposite naterials used in
such process only require the addition of |ow content
bi nder wi thout the use of filler material or flow



[ 0006] Conparing with open-nol di ng process, products
produced by typical close-nolding process have
relatively higher density and can result in a nore
conpl ex profile of the nolded product. There is al so
no materi al wastage as no trinmng of edges is
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[0012] The fast aspect of the present invention is to
provi de a nol dable m xture containing at |east one
kind of agricultural fiber, a binding agent that is
substantially free of formal dehyde and a
flowpronoting filler material but in the absence of
“hardeni ng agent, inpact nodifier, co-solvent and
de-nol di ng agent. The agricultural fiber may be'rape
straw, rice stalk or a conbination of both which
contributes a large portion in the mxture. The
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m xt ure: The use of this high viscosity binder can
keep the total npisture content of the nolding mxture
relatively low [0014] Wheat Plour is used instead of
Tapioca Flour. This is mainly due to the fact that
Tapi oca Flour is nmuch costly and it is gluten-free. As
tapioca flour is gluten-free,. products produced are
therefore nuch brittle. On the other hand, wheat fl our
contains proteins called gluten. Wien nol ded pi oducts
made with wheat flour is kneaded, the gluten nolecul es
cross-link to forma sub-m croscopi c network that
gi ves the product an elastic structure. This allows
the retention of gas bubbles in an intact structure,




[11017] The second aspect of the present invention
relates to nmet hods of manufacturing nol ded products

and related parts including steps of providing the
materials agricultural fibers, a binding agent and a
flowpronoting filler material for a nol dable m xture,

m xi ng the provided materials to form a nol dabl e

m xture, shaking the noldable m xture in preparing for
conpressi on nol di ng and conpressi on nol ding the ’
nol dable m xture to forma nol ded product. [0018]
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[0014] W]geat Flour is used instead of Taploca Flour. This is mainly due to the fact that

Tapioca Flour is much costly and it is gluten-free. As tapioca flour is gluten-free,
products produced are therefore much brittle. On the other hand, wheat flour contains
proteins called gluten. When molded products made with wheat flour is kneaded, the
gluten molecules cross-link to form a sub-microscopic network that gives the product an
elastic structure. This allows the retention of gas bubbles in an intact structure, resulting
in an aerated final product with a ductile texture, and the product produced is therefore

less brittle.

e moldable

|

[0015] No de-molding agent material such as soya extract and hardener such as ammonia
chloride are added to form the moldable mixture. The mold is coated with a layer of
commercially available de-molding material and with the hydraulic ejection system
incorporated in the mold and press design, and also due to the fact that the moisture
content of the moldable mixture is relative low (as no more than 5 wt % of high viscosity
binder, especially MDI or any soy-based binding agent is used), the molded product can
be ejected out from the mold easily. No hardener such as ammonium chloride and de-
molding agent such as soya extract are added to form moldable mixture. The molded
product takes a much shorter time to cure in the mold due to less moisture content. In
- addition, no co-solvent such as alcohol is added to facilitate the curing process in the
present invention, whereas co-solvent is used to accelerate the vaporization process of the



[0023] Figure 5 shows the design of the material

feeding tray with shaking features in the present

i nvention (lower part) for |oading the nol dable

m xture to the bottomnold at the pressing area as
conpared to the design of the conventional materia
feeding tray (upper part) w thout shaking features.
00241 Figure 6 is an enlarged i'nage of the told and

the hydraulic press at the pressing area in the

nol di ng step. [0025] Figure 7 shows the cross-section
of t heydnePnantnd@bleamxim| vehemiht motdhide mintuckalsbdeis id Xighueaatent of
bef orseisand after conpression in the nolding step.
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f I owEBHBHSEIHFEFPY er material is wheat flour. The
flowpronoting filler material is | ess than 10% by

wei ght to the noldable m xture. In a pleferred

enbodi nent, three main materials including
agricultural fibers, a bindin% agent and a
flowpronoting filler material®> are provided in the
providing step to num a nol dable m xture, but

har deni ng agent, inpact nodifier, co-solvent and a
de- nol di ng agent are not provided in the sane

provi ding step. In one enbodi nent, hardener such as
amoni um chl ori de, de-nol di ng agent such as soya
extract, co-solvent such as al cohol, and inpact

nodi fier such as palmfibers are not provided in the
providing step to forma noldable m xture. [0028] In
Figure |, after weighing the substantially dry




shown). In one enbodi nent, the m xi ng machi ne cones
wWith a horizontal rotating blade (#4 bl ades nounted on
hori zontal shaft) and it is rotating at about 20 to 30
rpm Wiile the agricultural fiber is stirred in the

m xi ng machi ne, the wheat flour of |ess than 10% by

wei ght is introduced to the stirring agricultura

fiber in the first part of two-step mxing step. In

the second part of the two-step m xing step, not nore
than 5% by wei ght of a binding agent such as
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heat transfer at a tenperature between 200-230C. The

nol dabl e mi xture is conpressed under a pressure

between 0.30 to 0.40 kgrnta2 ®or | 5 to 2.5 m nutes.
After conpression nolding, the nolded product is
ejected out fromthe nold and then transferred to a
packi ng area next to the pressing area. The nol ded
product is not subjected to heat treatnent and
fumgation for killing any living pests after ejecting
out fromthe nold. [0031] An exanple of m xing and
shaki ng the noldable m xture is given in Figure 2. In
this exanple, the Internedi ate Bul k Contai ner (IBC)

(81) is placed at the top of a standal one materi al




[0035] hi the lower part of Figure 5, the noldable

m xture (530) is discharged into the cavity of the
bottom nold (560) in an evenly di spersed manner -with

the aid of both the horizontal and vertical vibration
.-motions generated by the rotating rod with a vibrator
(not shown in Figure 5) and four additional vibrators

at four corners of the material feeding tray (550) as
descri bed above prior to the conpression nol ding step.
Thi s kind of shaking feature is incorporated in the
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Si nce the nDIded product has been subjected to hlgh
heat and hi gh pressure during the nol ding process,
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further heating and fumigation’steps for killing
living pests in the nolded product are not required.
(0038] Figure 7 illustrates the cross-section of a

nol ding part in the nold before and after the
conpression in the nolding step. The upper part of the
figure shows the cross-section of the noldable m xture
(720) in the cavity of bottomnold (740) before the
conpression nol ding step whereas the | ower part of the
figure shows the cross-section of part of the nol ded
product (760) |n the caV|ty betmeen the top nold (780)



[0039] Due to the high draw ratio and high density,

the nol ded part can be corrugated with conplex profile
such as runner (810) and plank (820) of a pallet (830)

as shown in Figure 8. The nolded product is ready for

use or can be used repeatedly w thout any post-heat
treatnment and fum gation. [0040] Wile the present

i nvention has been described with exanples to

preferred enbodi nents, it will be apparent that other
changes and modi fi cations coul d be made by one skilled
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[0033] The example as given in Figure 3 shows that the bottom view of the material

feeding tray has a piece of wire mess (330) welded at the bottom face of the steel
partitions. The entire steel partition is comnected to a-rotating rod with a vibrator
mounted (not shown). The steel partition together with the welded wire mess can be used
for shaking in the horizontal direction throughout the discharging of the moldable
mixture, from the material feeding tray to the mold at the pressing area {not shown). The
gate (340) mounted at the bottom of the material feeding tray is then opened by sliding
movement in the horizontal direction when the material feeding tray is transferred to the

mold at the pressing area.

[0034] On top of the welded wire mesh, four additional vibrators (416) as shown in
Figure 4 are mounted at the four corners of the material feeding tray which are also
shaking concurrently in the vertical direction throughout the discharging and loading of

the moldable mixture.

[0035] In the lower part of Figure 5, the moldable mixture (530) is discharged into the
cavity of the bottom mold (560) in an evenly dispersed manner with the aid of both the
horizontal and vertical vibration motions generated by the rotating rod with a vibrator
(not shown in Figure 5) and four additional vibrators at four corners of the material
feeding tray (550) as described above prior to the compression molding step. This kind
of shaking feature is incorporated in the present invention due to the fact that when using
the conventional method, the loading of moldable mixture from the conventional material
feeding tray (510) into the bottom mold without any shaking always forms a hump (520).
On the other hand, the material feeding (540) of the present invention has to be leveled
by four additional vibrators at four corners of the bottom side (550) to enable shaking



formal dehyde, 3. The nol dable m xture of claim1,

wherein said flowpronoting filler material is wheat

flour which is Iess than 10% by weight to said

nol dabl e m xture. 4. The nol dable m xture of claiml,

wherein said binding agent may be soy-based binding

agent with an amount not nore than 5% by weight to

said nol dable m xture. A nethod of manufacturing a

nol ded product conprising the steps of a. Providing an

agricultural fiber, a binding agent and a

f | ewyien matibgigye froldhtde miparefomhe mutesig! fgdiapray into the bottom mold
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[0036] An illustration of a hydraulic ejection system for molding is given in Figure 6. In '
this example, the hydraulic ejectors (630) arc situated below the bottom mold at the
pressing area. In one embodiment, the moldable mixture is molded at a pressing area at a
temperature between 200-230°C. Both the top (610) and bottom (620) mold are fitted
with various steel pipes (not shown). The thermal oil is electrically heated and

circulating through the oil channels inside the mold. Since the mold is heated up through
heat transfer within the mold, therefore it can achieve a lower energy loss.

[0037] In one embodiment, the moldable mixture is compressed under a pressure
between 0.30 to 0.40 kg/mm® for 1.5 to 2.5 minutes at the pressing area. The
compression molding is performed as a single compression stroke. There is no need to
open and close the mold repeatedly nor ironing to release excess moisture to prevent
possible mold explosion because the moldable mixture of the present invention has
relatively low moisture content. After the compression, the molded part is ejected out
from the bottorn mold with the hydraulic system (630). A mechanical pick and place
system (not shown) is incorporated in the material feeding system to pick up the molded
part and transfer the molded part to a packing area (not shown) next to the pressing area.
Since the molded product has been subjected to high heat and high pressure during the
molding process, further heating and fumigation steps for killing living pests in the

molded product are not required.

[0038] Figure 7 illustrates the cross-section of a molding part in the mold before and after
the compression in the molding step. The upper part of the figure shows the cross-section
of the moldable mixture (720) in the cavity of bottom mold (740} before the compression
molding step whereas the lower part of the figure shows the cross-section of part of the
molded product (760) in the cavity between the top mold (780) and the lower mold (790)
after the compression molding step. In one embodiment, the top mold (780) is pressed on
the moldable mixture in the cavity of the bottom mold (790) with a pressure of 0.30 to
0.40 kg/mm”*to form molded product (760). The compression molding for the moldable
mixture into part of a molded product is a single compression stroke without the needs of
opening and closing the mold repeatedly. In one embodiment, the moldable mixture after
the compression flows upwards towards the horizontal molding cavity of the enclosed
mold under the temperature between 200-230°C. The height (750) of part of the molded
product (760) along the horizontal molded cavity of the enclosed mold can be determined.
The draw ratio of the moldable mixture is obtained from dividing the height (756) of the
molded part (760) in the horizontal molding cavity of the enclosed mold after
compression by the height (710) of moldable mixture (720) in the cavity of bottom mold
(740) before compression. Such ratio reflects the upwards flowing ability of the

moldable mixture during molding.



wherein said m xing further conprises spraying said

bi ndi ng agent at pressure between 5 to 8 bar into said
agricultural fiber with said flow pronmoting filler

. material, wherein said binding agent is

- Dli socyanat e- di phenyhnet hano wi th an anobunt not nore
than 5% by weight to said noldable m xture. 6. The

nmet hod of claimb5, wherein said binding agent may be a
soy-based bi nding agent with an anmount not nore than

5% by weight to said noldable m xture, 7. The nethod

of claim5, wherein said flowpronoting filler :
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INDUSTRIAL APPLICABILITY

[0041] The present invention provides a moldable mixture and methods of manufacturing
molded products and related parts based on the claimed moldable mixture. The claimed
“moldable mixture can be applied to the field of construction materials and manufacture of
molded products such as pallets and related parts. The claimed methods of
manufacturing can be applied to making construction products or molded products with

better quality.
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further discharged into a material feeding tray that
is divided into at |east 35 conpartnents. 10. The

nmet hod of claim9, wherein said discharging is

foll owed by transferring said noldable m xture from
said material feeding nay into a nold with a

si mul t aneous horizontal and vertical vibrating: or
shaki ng notion, in preparation for conpression

nol diing. 11. The nmethod of claimb5, wherein said
conpression nolding is perforned as a single
conﬁ%ﬁ%@?on stroke and w thout any pressure rel ease
nechanlsn1thr hout the. h
t ot al lh’ol d\‘l c‘i)aFlg mix e CO 1%1*15 E_“ﬂéﬂ% a&%@gﬁﬁsgioﬁmgl%h f?fgeél:xfjﬁg
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and MAthoy}w@@ng&ﬁ§§&mgm&@ﬁease mechani sm t hr cughout
" the nol di ng.process, wherein such total nolding tine

i sl ess ti@mbidable mixture of claim I, wherein the said binding agen‘c Is free of
fonnaldehyda

3. The moldablc mixture of claim I wherein said ﬂow-promotmg filler matena] is
wheat ﬂour which is less than IO% by weight 1o said moldable mixtore.

4, The moldable mixture of claim 1, wherein said binding agent may be soy-based
binding agent with an amount not more. than 5% by weight to said moldabl

mixture.

S. A method of manufacturmg a molded product comprising the steps of:

.a. Providing an agricuttural fiber, a bmdmg agent and & flow-promoting filler
material;

b, Mixing said agricultural fiber with said flow-promoting filler material and saxd
binding agent to form a moldable mixtuie;

¢, Shaking said moldable mixture in preparation for compression molding; -

d. Compression molding said mioldable mixture to form molded product

wherein said mixing further comprises spraying said bmdlng agent at pressure

between S to 8 bar info said agnculmml fiker with said flow-promoting filler

mateiial, wherein said binding agent is DI1socyanate-d1phcnyhnethane with an

amount not more than 5% by weight to said moldable mixture.

6  The method of claim 5, wherein sald binding agent may be & soy-based binding
agent with an amount not more than 5% by Wnght to said moldable mixture,

- 7. The method of claim 5, wherein sa1d ﬂow—pmmotmg filler materlal is wheat flour
which is less than 10% by weight to sald construction molding m1xture
8. The method of claim 5, wherein saxd mixing takes place in the absence of
hardener, impact modifier, co-solvent and de-molding agent and_is free of
formaldehyde.

9. The method of ¢lalm 5, whercm said shalﬂng further compnscs discharging satd
moldable mixture through a discharging screw info a weighing hopper and then 15
further discharged into & rmaterial feeding tray that is-divided iato at least 35

. compeartments.
'10.  The method ‘of claim 9, wherein said discharging is followed by tran};ferring said

moldable mixture from sald material feeding tray into a mold with a simu!taneous
hotizontal and vertical vibrating or shaking motion, in preparation for

| comptession molding.

It



m nut e.

13. The nethod of claimof 5, wherein said

conpression nolding is perforned at a tenperature from

200 to 230 degree Celsius, wherein pallets are
produced as result thereof, 14. The nethod of clai m of

5, wherein. said conpression nolding is perforned at a
_pressure fromO0.30 to 0.40 kg/mMm wherein pallets are
/induced as result thereof. . .

‘11,

12.

3.

14. .

The method of claim 5, wherein said compression molding is performed as a
single compression stroke and without any pressure release mechanism
throughout the moldmg process, wherein such total moldmg time is less than 1

- minnte.

The method of claim 11, wherein sald single compression strokc is psrfol';lcd
with a draw ratio from 1 to 10, and without any pressure release. mechanism

" throughout the molding process, wherein such total molding time is less then I

minute,

The mctho& of claim of 5, whersin said bompresswn molding is performed at a
temperatire from 200 ‘to 230 degree Celsus, wherein pallets are produced as

1esult thereof,

. The method of claim of 5, wherehl said compression molding is perfotmed at a

pressure from 0.30 to 0.40 kg/mm wherein pallets are pmduccd Bs result theteof.
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