1 Specification SILICIC ACI D- CONTAI NI NG POADER PRODUCTI ON METHOD AND

SI LI Cl C ACI D- CONTAI NI NG POADER PRODUCTI ON SYSTEM Techni cal Field [0001 ] The
present invention relates to a silicicyiacid-containing powder production
met hod and a silicic acid-containing powder production system suitable for
obtaining natural silicic acid contained in materials such as rice hull,
rice straw and straw of barley for the purpose of reuse, by changing

properties thereof. Background ArgnbOfffidltidd has been conventionally known

that silicic acid is effective in an upstandi ng property of rice
and preventing its diseases. |In recent %ears however, the silicic acid
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m neral materials or burned hull r the application to rice paddies
However, the silicic acid extraction process involves serious problens with
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spont aneous fire. [0004] Japanese Unexam ned Patent Publication No. 8 224488
di scl oses an invention of a conventional hull pulverization to efficiently

reuse si Ii' ci.C _aci e contained in rice hulls. This invention, which is
char acter I tpuI verization of dried rice hulls by nmeans of an
i npact pul veri[0803] Iehasrteen sowenposillyikonwnitha mliciceidisidfective igr anul ating a
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ot her process nvolves serious problems with efforts, time and costs, as referred to the

extraction from mineral materials with complicated processes such as for ore-mining and

pulverizing. Meanwhile, the use of hull carbon significantly reduces silicic acid content

due to the extent of carbonization, resulting in higher processing costs.

[0003] Meanwhile, categorized as industrial wastes, rice hulls and straws
normally require a proper treatment, but its high processing costs cause unattended field
heaping and therefore a problem of spontaneous fire.
[0004] Japanese Unexamined Patent Publication No. 8 224488 discloses an

invention of a conventional hull pulverization to efficiently reuse silicic acid contained

in rice hulls. This invention, which is characterized by the pulverization of dried rice

hulls by means of an impact pulverizer, extracts compositions from rice hulls by

granulating a mixture of the pulverized material and natural aluminosilicate or its

chemically treated substances. Then, the application of these compositions to rice

paddies will contribute to the agricultural reuse of silicic acid.

Disclosure of the invention
Problems to be solved by the invention
[0006] However, the invention in Japanese Unexamined Patent Publication No. &
224488 is unable to efficiently and solely extract silicic acid due to its




unwant ed conpositions fromrice hulls inevitably |Iowers the purity of
silicic acid, and hazardous pol yner conpounds in the rice hulls mght also
be untreated. In addition to hard maintenance work and its high costs for
t he inmpact pul verizer, the high hardness of rice hulls, despite their snal
si ze, can danmage machine parts in short operation hours. Furthernore,
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Means for dini ng powder
product i mmmtlﬁa t@ﬁ tcwé yhe@ ent ﬁw@wa%a@qﬂmépabm@rhtﬂbdthsysu; t r eat ment
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rice hul Issrapshfifesiliavss Wi th property changes such as initial carbonization
and atom zation. [0009] Preferably in the present invention, the steam
pressure within said treatnent container is maintained ranging from1.45 to
1.96 to pulverize rice hulls and straws. [0010] In addition, it is nore

desi r abl evikiist fol Bblsinethe BirbBlempul veri ze rice hulls and straws for a nore
ef ficient si LOln r.pr b Lning the
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operation, the pressure on rice hulls and straws, the heating caused by this high steam
pressure and steam’s hydrolysis compress said rice hulls and straws. Subsequently, the
gradual pressure reduction in the container will cause bonded molecules to be separated
and decomposed, thereby providing rice hulls and straws with property changes such as
initial carbonization and atomization.
[0009] Preferably in the present invention, the steam pressure within said
treatment container is maintained ranging from 1.45 to 1.96 to pulverize rice hulls and
straws.
[0010] In addition, it is more desirable that this invention pulverize rice hulls and
straws for a more efficient silicic acid-containing powder production by maintaining the
steam pressure within said treatment container, ranging from 1.65 to 1.85MPa, for 5 to
30 minutes.
{0011] The silicic acid-containing powder production system according to the
present invention is characterized by a treatment container, agitating means within said
treatment container, steam injecting means for injecting high-pressure steam onto rice
hulls or straws which are fed to said treatment container, and controlling means for



3 controlling the steaminjection anount by nmeans of said steam i njecting
means by maintaining the steampressure wiwthin said treatnent container for
pul veri zation but no conbustion of sajd rice hulls or straws. According to
this structural function, the pressure on the rice hulls and straws within
the treatnment container, the heating caused by this high steam pressure and
steanm s hydrolysis conpress the rice hulls and straws in all directions.
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illustrating the silicic acid-containing powder production system1l. The
silicic acid-containing powder production system1l of this enmbodi nment

conprises a treat rrent cont a| ner 2 for accommpdating and treating rice hulls
and strawkdvas g pgi tating rice hulls and straws which are
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agitati ngtﬁ%ﬁp&n@ize}_he steam injecting nmeans 4 and the pressure regul ating
means 5 16] Here, each conmponent of the silicic acid-containing powder

production systemin this enbodinment will be described in further detail.
The treatnment container 2 is a Class A pressure vessel with pressure
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[0015] Figure 1 is a pattern diagram of the embodiment illustrating the silicic

acid-containing powder production system 1. The silicic acid-containing powder
production system 1 of this embodiment comprises a treatment container 2 for
accommodating and treating rice hulls and straws, agitating means 3 for agitating rice
hulls and straws which are fed to this treatment container 2, steam injecting means 4 for
injecting high-pressure steam onto the rice hulls and straws within the treatment
container 2, pressure regulating means 5 for adjusting the pressure within the treatment
container 2, and controlling means 6 for controlling the agitating means 3, the steam
injecting means 4 and the pressure regulating means 5.

[0016] Here, each component of the silicic acid-containing powder production
system in this embodiment will be described in further detail. The treatment container 2
is a Class A pressure vessel with pressure resistance to treat rice hulls or straws therein.
The treatment container 2 is provided with an injection port 21 and a discharge port 22
for rice hulls or straws on the upper and lower portions thereof, respectively. The
injection port 21 and the discharge port 22 are designed in a sealed structure to maintain



4 a proper pressure range within the treatnent container 2 for treating the
rice hulls or straws. In addition, the injection port 21 and the di scharge
port 22 include a sealing nechanism (4ot shown) to maintain airtightness
bet ween a horizontal rotating shaft 31 of the agitating nmeans 3 to be
described later and the treatnent container 2. In consideration of
operational safety, the injection port 21 and di scharge port 22 have a
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a constant level and the pressure within the treatment container 2 is adjusted by the

high-pressure steam injection amount. In this embodiment, the high-pressure steam
injection employs saturated steam. Being determined by this saturated steam pressure,
the temperature within the treatment container 2 is maintained at a high value. The air
feed pipe 42 which is positioned above the horizontal rotating shaft 31, is connected to
the treatment container 2 in a nearly horizontal direction. Obviously, this design can
obtain a high processing efficiency due to the most preferable high-pressure steam
injection into rice hulls or straws, just before no external pressure is given on the rice
hulls or straws accumulated within the treatment container 2 or the materials floating by
the agitation fall on one after another.

[0019] The pressure regulating means 5 comprises a pressure regulating valve 51
which can open and close by means of electric control and an exhaust pipe 52 which
releases the steam within the treatment container 2 via this pressure regulating valve 51.
If the pressure within the treatment container 2 exceeds a predetermined value, the



[ 0019] The pressure regulating neans 5 conprises a pressure regul ati ng val ve
51 which can open and cl ose by neans of electric control and an exhaust
pi pe 52 which releases the steamwithin the treatnment container 2 via this
pressure regul ating valve 51. |If the pressure within the treatnent
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(r: glnﬁgiteg éﬁ&sﬁi@ir%@étfhgé\/a@%sﬂ 1r'eHl PR 2B ER F@YEWithD (BOtredithRnEediddisd: 201 pe 52 is

; a cooling uni.t 8 via a silencer to,cogl and | Lguefy the steam
transport‘@y%efr?%?ﬁefiﬁ%g?%%{?ﬁ'é’[ﬁ’flr%ﬂf%ﬂlﬁgﬁvg, PR qTaiug}ﬂEp%I%{Sri )l;ut ed to a
wast e watcenngsiaside ssionlingiwit 8 Vo a silsdtari’dngbohanddiguefydbe pearattiangported si | encer
Z)el 22 <r)] EFB)Ct?Mﬁtt&lﬁtrﬁéﬁlt B&ﬂ%in@pi %ﬂ?@l?ﬂrﬁl[@édisﬂgi%ﬁté%i_ﬁéh%&ie ﬁ%ﬂérﬁaréaeﬁﬁngﬁnigl ant can

S Lin Lrban l. S L CL. e.co ro I n nean I'S
ot ecer oot olisoaly By P e Sloncky Do whsFubRh sk i@ o o
i nj ect i ngegBatinnsAhisrivpa M lprtess be eonsayetedin thg urheardistBet. This control | ng
g\r%an_s 6 Co?trC[g?qt-]h@lerc@ﬁti?élgiﬁ@{rﬁhﬁﬁ@isi@{btﬁdlﬂy@Uﬂ’ﬁ;@d ; fedq§ aﬁ@&&itﬂ{lé&@sffortht he
VI ng npt.or Q .l ul at e. agl t a n n ransrerrin | or e
i ce hol 18gng et 3 Fgseint inecling HiealS 4t S prespiEredl g e Ror o ¢ he
cont r ol | i'Tys easdiedling raeans 0stostrols s rotatiomdiragtisst andmuarhsu af redetusiond feed by t he
?r;[a ieﬁpa! Elet%?rgflﬁg H’igﬁ?}%ﬂo irgu3ate aheaafgntatr_mgeéntd tfdﬁ@fenﬁﬁgethﬂé g&?ﬁ@ H?é)hlfl[saﬁs ur tehi S
| .@al. al N Il 0] 0 ulverl ze U no 0 um e
e ul 0SBt e BT o 2, FiERt B (5 sy O 6o BRS ront
the preshusteamiinjpétiont aneount defermained b Hieasteser infeckisg means Aimsuthraanginey from

1. 45 to kh@6MIsrocestidspestireidiRaididdfdd FOENESHaid S ST tRde ©paNREES blthobe
descri bec{0 ess t.reat men

ater. .1 f, the t eratur or._pr e thi.n. th t
cont ai nerobiahy premiliarsEIRER Rhitl e uClpRhi 2R 4y M Riss ol dh IRl 1,
rai si ng trresstieghitipn edtaatment santeing] 2 6t maintasredunnging fromel 4% ahPoMPect i ng
{reants 4. tlﬁ@éﬂl{ﬁ{t$1_@|e¥periin|i|t§1_taiilﬁ'@sil’;lﬂ@%ﬁe)'td&lﬁl&ftog)@g?ﬁ{r%%ﬁ"Iﬁfln@rIf@ﬁ@?:ﬁ‘l#’eﬁtﬁd’ét hin the
reat nen cont al ngr. W compen e release o L gns Pressure

L eam by BEERPIE ifiin fistealmatl cFRAREL? i Redtnd REpb G EERE piEbuitk LBE
regul at i ngcraesga Sy Baisimp ghedugh-prsissura gleamamisctics angouat by: the) séean jesbngected to a
te {Tﬁe;] at lﬁfg@an? 22 SO6nRBRy, f{'ﬁléiﬁ@?@@&fgélﬁ &ﬁh&eﬁlﬁaﬁﬁl&e gﬁ&eﬁltuﬁe wﬁﬁig&{ié'frt@atﬁ@ﬁts or 2|4t
W | [ ne contal ner I, C aS on Se etectl resu S,
Wil T eedDRARE S HNGe Cf)wge?f’&ﬁ?eb#&?m%eaa%a%sﬁ?gﬁfﬁlgea}%%‘w%%8{%3@% ot
cont ai nerpressfisreg@aiigiplvhebef the asgsuse repulapingdecaes bi ke cparabing M@og1 |
sNﬁ(;[ ¥ tC hgsc_ﬁ.'gldgginc?gﬁﬁ@greﬁféﬂtt@h &in'ﬂﬂ:rﬁ@x\é?;@ﬁsop Do4) ta&&ﬁlgéra%m% @%mmél_di ngt to | It he

| d- 1 Al 0 r roduct,l.on . 'S I nrent w
be descri"BEH® Sf{ﬁ?ﬁgf “g}lﬁ%f\lgjr,eaﬁe@ CAMPEr %)r(ﬁgﬁ}'njg\%%e%é)lnetﬁ?sgdﬁ&gg?%e i nj ection
port 21 Iresudisnglt Bedtaek-conteeltthetvmpemtaraiand pregsure withhi the digatreent on, t he

pressure ntaited 2tbekdep BRIARE ImGOIERAREdeterintnedRaffk€! ranging from 1.45 to
1.96MPa for t rp%e | ding this

set pressure, qﬁﬂ%ﬂ%eé(?’ltth%g‘%f’%ﬁ’%&é"‘\%@'%‘fgﬁ%gﬁlgéréjgﬁ‘?%ﬁlﬁg rntle:&}é dez}c};ﬁ?l{%n?gotBy t he
the silicic acid-containing powder production system 1 of this embodiment will be
described.

[0022] Firstly, rice hulls or straws are fed to the injection port 21 leading to the
treatment container 2, In this operation, the pressure within the treatment container 2 is
preset ranging from 1.45 to 1.96MPa for the controlling means 6. In addition, the time
for holding this set pressure, and the temperature within the container determined by the
agitating time and the set pressure are set, respectively. Preferably in this case, the
pressure holding time is given sufficiently long so as to start hydrolysis of the rice hulls
or straws, and the agitating time is set as the duration sufficient for completing the
pulverization of the rice hulls or straws. The temperature within the container is the
temperature determined by the saturated steam pressure.

[0023] As the rice hulls or straws being fed to the treatment container 2 is highly
agitated by the agitating vane 32, the materials are gradually transferred toward the
discharge port 22. In case of an incomplete one-cycle transportation of the rice hulls or



agitating tine and the set pressure are set, respectively. Preferably in
this case, the pressure holding tine is given sufficiently long so as to
start hydrolysis of the rice hulls orée6straws, and the agitating tine is set
as the duration sufficient for conpleting the pulverization of the rice
hulls or straws. The tenperature within the container is the tenperature
determ ned by the saturated steam pressure. [0023] As the rice hulls or
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[0027] Secondly, specific examples of this embodiment will be described. In
each of the following examples, an experiment is performed to find out the conditions
for manufacturing silicic acid-containing straight fertilizers extracted from the rice
hulls by a short-time treatment. By changing the pressure within the treatment
container 2 and the pressure holding time in each experiment, the results of respective
hull treatments were examined. Figure 2 shows the treatment conditions and results.
Figures 3 — 8 show digital photographic images of rice hull shapes prior to and after the
treatment.
[0028] Each experiment in the examples employs the treatment container 2 with
a volume of 3,000 liter, with the container temperature maintained at around 200 degrees
of Celsius determined by a saturated steam pressure and a hull filling rate ranging from
6510 95%. In order to agitate the rice hulls more uniformly, the agitation rate is set as 2
to 18rpm until the lower temperature sensor 23b shows the value identical that of the
upper temperature sensor 23a, and thereafter until the pressure is reduced to 0.15MPa, it



for manufacturing silicic acid-containing straight fertilizers extracted
fromthe rice hulls by a short-tinme treatnment. By changi ng the pressure
within the treatnment container 2 and the pressure holding tine in each
experinent, the results of respective 7hull treatnments were exam ned. Figure
2 shows the treatnment conditions and results. Figures 3 8 show digital

phot ographi ¢ i mages of rice hull shapes prior to and after the treatnent.

[ 0028] Each experinent in the exanples enploys the treatnent container 2
with a vwhaseeaofto3l@R. [iter, with the container tenperature nmaintained at
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treated 9.56%, thoklisg a Savoedhlemdperty af stnarght felrtelmrs of 25.5% and the residual
silicon is det@gifdndhis example 5, the treatment is conduced by the steam injection with

the pressure within the treatment container 2 maintained at 1.96MPa. Figure 8 shows

the rice hulls after the treatment. Consequently, the treatment with the pressure holding

time 5 to |5 minutes generates pulverized powder. The water content for the treated

rice hulls is 25.0% and the residual silicon detected is 9.0%, showing a possibility of

using as straight fertilizers. Meanwhile, the residual silicon is reduced due to initial

carbonization. Although the pressure holding time to reach a target pressure can be

saved, the pressure rise operation requires a long time, thus serving not so favorable

practical use.

[0034] By taking into consideration the experimental results of the above

examples, to obtain natural silicic acid for the use as straight fertilizers in a short-short

hull treatment without removing any silicic acid, it is preferable that the pressure within

the treatment container 2 be maintained ranging from 1.45 to 1.96MPa, and more

preferably ranging from 1.65 to 1.85MPa for 5 to 30 minutes. This higher temperature

and pressure treatment for a certain period of time constitutes advantageous conditions



9.56% showing a favorable property of straight fertilizers. [0033] In this
exanple 5, the treatnent is conduced by the steaminjection wwth the
pressure within the treatnent containeg 2 naintained at 1.96MPa. Figure 8
shows the rice hulls after the treatnent. Consequently, the treatnment with
the pressure holding tinme 5 to 15 m nutes generates pul verized powder. The
water content for the treated rice hulls is 25.0% and the residual silicon
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There is mounted the check valve 10 in the conduit leading to the boiler 41, and the

common conduit part includes the control valve 11 to control the steam flow rate. There

1s provided the switching valve 12 between the exhaust pipe 52 and the air feed pipe 42,

thereby switching the steam injection and release operations. Specifically, as the

switching valve 12 is opened for steam injection, the exhaust valve 53 in the exhaust pipe

52 will be closed to open the two conduits from the boiler 41 to the treatment container 2.

On the other hand, the steam release operation will open the exhaust valve 53 and close

the air feed valve 43 and switching valve 12 to release the steam from the two pipes

leading to the treatment container 2, whereby the steam is delivered to the exhaust pipe

52 through the resultant one conduit. This operation might clog some of the valves with

treated hull powder, but such powder can be removed or cleaned by the steam traveling

through the valves leading to the treatment container 2 by the next steam injection.

Brief description of the drawings



val ves. As shown in Figure 9, two steaminjection conduits maybe fornmed from
the boiler 41 to the treatnent container 2, through which the steamis also
rel eased in the opposite traveling di%ection. Additionally, a different
conduit is provided so as to branch off into the exhaust pipe 52 in the
system wth the air feed valve 43 and the exhaust valve 53 nmounted in the
air feed pipe 42 and the exhaust pipe 52, respectively. There is nounted
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phot ographi c i mage showi ng the rice hulls after the hull treatnment under

the condition of the exanple 5; and
Explanation of letters and numerals

: silicic acid-containing powder production system
: treatment container

: agitating means

: steam injecting means

1
2
3
4
S: pressure regulating means
6: controlling means

7: silencer

8: cooling unit

9: waste water processing unit
10: check valve

11: control valve

12: switching valve

21: injection port

22: discharge port

23a: upper temperature sensor
23b: lower temperature sensor



Figure 9 is a pattern diagram of the enbodinment illustrating the valve
swtching systemduring the pressure rising and reduction for the silicic
aci d-cont ai ni ng powder production sygpem according to the present

i nvention. Explanation of letters and nunmerals 1: silicic acid-containing
powder production system 2: treatnent container 3: agitating neans 4: steam
injecting neans 5. pressure regulating neans 6: controlling neans 7:

sil encer 2: pfRQIrk Bhsypi t 91 waste water processing unit 10: check valve 11:
control valve. 12: sw.tchj valve 21: injection port 22: discharge port
23a: uppéﬁ‘}{%%oé&%}trﬁ'iﬂgngéfﬁ%gr 23b: | ower tenperature sensor 10 24: pressure
sensor 3182:hgitdtingeat rotating shaft 32: agitating vane 33: driving notor
41: boi |l ey3: 4Avin@imotbeed pi pe 43: air feed valve 51: pressure regulating

val ve 524:1,$x.haust pi pe 53: exhaust valve Figure 9 Hi gh-pressure steam
injected, s 8%‘?{1 pressure rising Hi gh-pressure steamrel eased, steam
pressur e 42¢dirdesd pipe Scope of Clains 1. A silicic acid-containing powder

product i o3 pRtth@valgONpPri si ng the steps of:
51: pressure regulating valve
52: exhaust pipe
53: exhaust valve

Figure 9
High-pressure steam injected, steam pressure rising
High-pressure steam released, steam pressure reduced



feeding rice hulls or straws to a treatnment container; increasing the
pressure and tenperature within said treatnent contai ner by injecting the
steam thereinto; and pul verizing saidilice hulls or straws by naintaining
the steam pressure so as to achieve no conbustion of said rice hulls or
straws. 2. A silicic acid-containing powder production nethod to obtain
silicic acid-containing powders fromrice hulls or straws, conprising the
steps of: nmaintaining the steam pressure within said treatnent container
ranging from1.45 to 1.96MPa bysd'pm'eegf'tﬁgi H'?gh- pressure steamonto said
rice hulls or straws which are treat nent container; and

pul verizing said rice hulls or straws. 3. The silicic acid-containing powder
producti oh redihddaciéicohmirtihg pawddr praduiioninethed compiriséngsthespposLssure Wt hin
sai d tre%é@ﬂéHSQMIE'(J?%{ra*{'&J@r%@'th%nf Rgl ng from1l.65 to 1.85MPa for 5

to 30 mnutesso erilzation of said rice hulls or straws.
4. A sil i\BfIEaskRg @e&"ﬁﬁlaﬁ ﬁpﬁ’]&ﬂmﬁw YpHBR s repmepsetginerdnppicsingthe
treat nentstmnﬂmreut&o andgi tati ng means within sal d treat nent container; steam
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for 5 to 80A%dikit asid-containing powder production system, comprising:

a treatment container,

agitating means within said treatment container;

steam injecting means for injecting high-pressure steam onto rice hulls or straws
which are fed to said treatment container; and

controlling means for controlling the steam injection amount by means of said steam
injecting means by maintaining the steam pressure within said treatment container to
achieve pulverization but no combustion of said rice hulls or straws.
5. Asilicic acid-containing powder production system, comprising:

a treatment container;

agitating means within said treatment container;

steam injecting means for injecting high-pressure steam onto rice hulls or straws
which are fed to said treatment container; and

controlling means for controlling the steam injection amount by means of said steam
injecting means by maintaining the steam pressure within said treatment container
ranging from 1.45 to 1.96MPa.
6. The silicic acid-containing powder production system set forth in Claim 5, wherein:

said controlling means controls the steam injection amount by means of said steam

injecting means by maintaining the steam pressure within said treatment container
ranging from 1.65 to 1.85MPa for 5 to 30 minutes.





