
SPECIFICATION  Title of the Invention Method of
manufacturing cellulose acetate, High temperature
steam reactor vessel used in the same method, and
Superheated  steam generator used in the same method
Background of the Invention  1. Field of the Invention
The present invention relates to a method of
manufacturing  cellulose acetate, particularly to a
method of manufacturing  cellulose- acetate useful as
a material for biodegradation plastic:  by using
wooden materials including chips such as "corncob
meal",  and further particularly to a method of
manufacturing cellulose  acetate wherein steaming or
cooking at low pressure is enabled  and dehydration
with interposing sulfide is made unnecessary in  the
acetylating process in manufacture of cellulose
acetate on  the basis of such processes that
aggregated chips of the wooden  material such as
corncob meal is steamed and the cellulose content
separated by the steaming process is purified and
thereafter  acetylated. Further, the present:
invention relates to a high temperature  steam reactor
vessel to be used in the foregoing method of  I 



manufacturing cellulose acetate, particularly to high
temperatture steam reactor vessel suitable for.ca
u.sing hydrolysis  reaction to be carried Out in the
foregoing steaming process. Moreover, the present
invention re J.ates to a g^nerator of  supe.rhea:_ed
steam to be used in the hydrolysis reaction in the
foregoing method. Of manufacturing cellulose acetate,
particularly to a superheated steam generator
especially  structured so that st:yam pr. ensure is
stle to be balanced s.. a steam  inlet and a steam
outlet. of a heat-exchange piping arranged in  a
heating region and also water in the form of steam is
made  superheated to a ra high. temperature .eve7.:..
Description of the Prior art According to disclosure
of Japanese Unexamined Patent  Application paving
publication No. 200M-270i6, there has been.  used
hitherto such method of manufacturing cellulose
acetate that  corncob s dried and c ruched to be
powdered so as to obtain corncob  me:a.i., which
corncob meal first subected. to steaming process
according to hydrolysis, followed by separating solid
matter  through a ._:.l.ter deice so as to obtain
cellulose content, and  a.cetylating the cellulose
content to obtain cellulose- acetate The
above-mentioned method of ma__ufacturna cellulose
acetate carries out the steaming process in such a
pressure vessel  



in such condition as that corncob meal to which water
has been  added _s -placed therein and kept at
temperatures 1.5 (t to 20:,  and pressure of 20 to
29MPa that brings water into "subcritical  state
(which is a state to happen immediately before water
leading  up to supercritical state)".. In detail, the
steaming process  performs a process employing an
expansion reactor apparatus that  rotates a screw
housed in a closed cylinder to compress material
while extruding the same. The condition for the
steaming process  in this course of process is set and
kept at temperatures 150 to  250t and pressure 20 to
29MPa. Furthermore, the steaming  process is adapted
to shorten time necessary for the steaming  process by
adding to corncob meal sulfite compound such as sodium
sulfite, calcium sulfite or the like. Moreover, this
method of  manufacturing cellulose acetate employs, as
acetylating process  of separated cellulose content
after the steaming process, a  process of adding
acetic anhydride and sulfuric acid to the  separated
cellulose content to cause them to have reaction.
Further, the foregoing expansion reactor apparatus
used in  the steaming process comprises the foregoing
closed cylinder  serving as a pressure vessel, the
screw having a helical flight  3 with feed pitch
becoming shorter at a point nearer the utmost end,  



and a heater for heat i.ng the closed cylinder. And
water supplied  together with a material into the
closed cylinder is heated to  150 to 250 Y through
function of the heater to generate  superheated steam.
The superheated steam is able to be caused to  act on
the material being compressed and extruded by the
screw.  Summary of the .invention According to the
method of manufacturing cellulose acetate  disclosed
in the foregoing official gazette, "corncob meal"
which  dealt as wastes by agricultural workers at
their own expense is  efficiently usable as a material
for cellulose acetate. Also,  with emp.loying, as a
material for biodegradation plastic,  cellulose
acetate manufactured with that manufacturing method,
relatively  it is enabled to manufacture
biodegradation plastic at lower cost. However, the
conventional method of manufacturing cellulose
acetate requires the conditions for steaming process
as kept at  temperatures of 150 to 250C and high
pressure of 20 to 29MPa.  Hence, a pressure vessel to
be used for t:he steaming process needs  to use the
closed cylinder which houses a screw therein, has high
efficiency of pressure proof and having functions of
compressing  4 



and extruding the material. Thus, high cost to provide
the  pressure vessel was a problem. Also Chace was a
problem that  necessity of handling sulfuric acid in
the acetylating process  leads to high danger to
assume, The present invention has been designed to
overcome those  problems. An object of the present
invention is to provide a  method of manufacturing
cellulose acetate involving steaming  process and
acetylation process wherein thanks to an ..nventive
feature of particularly lowering pressure in the
steaming process  in comparison with the conventional
art, a pressure vessel to be  used in the steaming
process needs only a low level of pressure  proof
efficiency, A further object of the present invention
is to provide a  method of manufacturing cellulose
acetate wherein in the  acetylation process of
cellulose content separated after the  steaming
process, use of sulfuric acid which leads to high
danger  to assume is not needed. Further, the present
invention is to provide a high  temperature steam
reactor vessel which is suitably usable as a
hydrolysis reaction vessel for steaming process in the
foregoing  manufacturing process of cellulose acetate
and has a simple structure to thereby be made at a low
cost. Part -!.cularly, it -s  



an object to provide a high temperature steam reactor
vessel  suitable for collecting and re-using effective
contents contained  in drain and exhaust produced from
hydrolysis. Moreover, an object of the present
invention is to provide  a superheated steam generator
which is suitably usable, as a  source of generating
super;-heated steam having ultra high  temperature,
for the steaming process in the foregoing
manufacturing process of cellulose acetate, and has <:
simple  structure to thereby be made at a low cost.
Particularly, it is  an object of the present
invention is to provide a superheated  steam generator
which needs only a relatively low level of  pressure
proof efficiency thanks to provided measures producing
superheated steam of ultra high temperature at a
relatively .low  pressure and taking out the
superheated steam. A. method of manufacturing
cellulose acetate according to the  present invention
involves. the following steps: a steaming  process
wherein collective chips of a wooden material to which
solid catalyst added is acted with superheated steam
to thereby  be subjected to steaming, whereby
separating cellulose content,  and an acetylating
process wherein the separated cellulose
content.separated through the steaming process is
fir-t sub:ected  to purifying process and is then
subjected to acetylati_:g while  



being pressurized together with solid acid so as to
obtain  cellulose acetate. In this invention, the
collective chips of  a wooden material may use a
necessary amount of chips from crushed  core of corn
(corncob). According to the present invention, it in
adopted the  technique that the steaming process which
is carried out by  applying superheated steam to
collective chips of wooden  material is performed with
solid catalyst being added. Thus, the  steaming
process can be smoothly performed at relatively low
pressure. Steaming process is such process that:
collective chips  of a wooden material in the form of
particles or powder is placed  together with solid
catalyst in a pressure vessel, and steam  having ultra
high temperature is fed. it was found that solid
catalyst may selectively employ one kind of substance
or plural  kinds of substances among platinum,
titanium oxide, cerium oxide,  yttrium oxide, thorium
oxide, tin oxide, zinc oxide, manganese  oxide,
aluminum oxide, silicon oxide, and vanadium oxide.
Particle size of chip simple substance contained in
collective chips is preferably 0. 0to `mm in length
conversion. In case that particle size of chip simple
substance is lower than  that extent, gaps in the
layer of collective chips are hard to  be formed-,
steaming action with superheated s Lear does not
prevail  



or cover the whole of collective chips, whereby
uniform steaming  action is not readily obtainable. By
contrary, in case that  particle size of chip .=simple
substance is higher than that extent,  chip simple
substance is too large and there is a fear that
steaming  action with superheated steam on each chip
simple substance  becomes insufficient. To eliminate
such defect, it uselessly  takes a long time for
steaming. When the particle size of chip  simple
substance is in that extent, steaming is performed in
a  fixed short time while steaming action with
superheated steam  fully covers or prevails each chip
simple substance, and the whole  of collective chips
is uniformly equally steamed to increase  recovery of
cellulose content, When the wooden material is
corncob, particle size of collective chips is
preferably 0,05 to  2mm, and more preferably 0.1 to
Stems. When particle size is 0.05  to 2mm or 0.1 to
5.:::m, sizes of chip simple substances contained  in
collective chips are equalized to enable steaming with
superheated steam to be effectively carried out,
thereby  providing such action that time for steaming
process is readily  8 shortened and temperatures and
pressure of superheated steam as  the conditions for
steaming process are readily controllable. Loadings of
solid catalyst to be used in steaming process  



is preferably 1 to 20wt"s with respect to a dried
wooden material.  Solid catalyst is inferred to serve
facilitating steaming action  with superheated steam
at high temperature and pressure. Suitable  kinds of
catalyst: for use is selected among the foregoing
platinum,  titanium oxide, cerium oxide, etc. Loadings
of solid catalyst  is determined with weight of the
dried wooden material a  standard. In case that
loadings is less than the foregoing extent,  a
sufficient catalyst action is not shown. When solid
catalyst  is added more than that extent, effect of
the addition becomes  saturation and solid catalyst is
consumed in vain. In case of  using corncob as the
wooden material, preferable loadings is 3  to 15wt%
and more preferably 5 to l0wt% In the foregoing
steaming process, collective chips of wooden  material
to which solid catalyst is added is preferably applied
with superheated steam of 400 to 800C at pressure of
0.1 to 5MPa,  in the steaming process according to the
present invention,  superheated steam temperature is
higher by 250 to 550TO in  comparison with the
conventional method referred to at the  9 beginning of
the specification, while pressure for the process  0.1
to SNPa lower by 19.9 to 24MPa in comparison with that
conventional method. Here, superheated steam is
obtained by use  



of a boiler (superheated steam generator) separate
from a pressure  vessel which is used for steaming
process. Thus, a pressure vessel  to be used for
steaming process requires only a particularly low
level of pressure proof in comparison with the
conventional  example, thereby notably reducing cost
for equipment. Cellulose  content obtained by applying
to collective chips of wooden  material superheated
steam of 400 to SOOV, at pressure of gel to  SMPa is
high in whiteness and is not inferior to cellulose
content  obtained in the case using cotton as a
material. As a result, it  is appreciated that
cellulose content obtained by the steaming  process
according to the present invention is high in purity.
Temperatures of superheated steam in the steaming
process  is Preferably 500 to 700 t , more preferably
550 to 600 t  Obtaining superheated steam in this
range of tempera u.re  relatively easy. Particularly,
superheated steam of 550 to 5?0t  can be obtained by
use of a relatively cheap steam generator. Conditions
for pressure for the steaming process may be
controlled in the foregoing extent of 0.1 to SMPa, and
preferably  10 0.2 to 3MPa, and more preferably 0.5 to
1MPa. 0.5 to IMPa is l.ow  pressure which serves to
more notably facilitate reduction of cost  for
equipment regarding a pressure vessel to be used for
the  



steaming process. In the steaming process, when
superheated steam of 400 to  HGOC: is acted to
collective  chips of wonder material., to which  solid
catalyst added, at pressure 0.1 to 5MPa, time for
action  of superheated steam is preferably 15 to
240min. Tn case that  time for superheated steam
action is shorter than that extent,  there is a fear
that a sufficient steaming action is not obtained...
By contrary, time for superheated steam action is
longer. than that  extent, superheated steam is
consumed in vain and time for the  steaming process is
consumed in vain. Time for the action is  preferably
30 to 180min, more preferably 45 to )..Orman: In the
method of manufacturing cellulose acetate according
to the present invention, cellulose content obtained
by steaming  process is separated and purified,
thereafter, subjected. to  acetylating process
together with solid acid while being  pressurized,
thereby obtaining cellulose acetate. The  acetylating
process includes a process that. cellulose content and
acetic anhydride are caused to have reaction, thereby
producing  l1 cellulose acetate and acetic id. in
detail: such process is,  that cellulose content is
placed, together with solid acid such  as mordenite,
and clinoptilolite, and acetic anhydride, into a  



pressure vessel, to have dehydration and displacement
reaction  under conditions or high temperature and
high pressure. Since  cellulose acetate is obtained
through this process, sulfuric acid  used in the
acetylating in the conventional manufacturing method
explained at the beginning of this specification i.
made  unnecessary, thereby lowering and eliminating
danger to he  assumed in the acetylating process.
Solid acid to be used in the acetylating process may
employ  the foregoing mordenite, and synthetic
zeolite.  Action of zeolite as solid acid depends upon
behaviour of hydrogen  atoms fixed inside zeolite.
Thus, when loadings of zeolite is  extremely much,
function as cation exchange substance overwhelms  that
as acid. Resultantly, function as proton point (acid
point)  is damaged. Loadings of solid acid may be I to
20wt% with respect  to dried cellulose content. In
case that loadings of solid acid  is less than that
extent, there a fear that sufficient  dehydration and
displacement reaction is not obtained- when  loadings
of solid acid is more than that extent, zeolite when
used  12 solid acid loses effectiveness as proton
point. Preferable  loadings of solid acid is, 3 to
15wt%, and.-ore preferably 5  10wt%. When loadings of
solid acid is set to such preferable  



extents, solid acid equally or appropriately
contribute to the  dehydration and displacement
reaction. Loadings of acetic anhydride to be used in
the acetylating  process may be 300 to 700w r% with
respect to dried cellulose  content. Cellulose has
three "hands" as reaction. group, so that  the
quantity of acetic acid to have reaction with.
cellulose. may  be three time. of cellulose in theory.
But, practical chemical.  reaction needs excessive
acetic acid in relation activated  energy. in detail,
acetic acid in quantity of three times of  cellulose,
theoretical value of acetic acid loadings, does not
have progress of reaction. Acetic acid. in quantity of
five times  or seven times of cellulose is needed for
the purpose. Further,  the reason of use of acetic
anhydride instead of acetic acid is  that since
acetyl. sting of cellulose is dehydration, the state
less  having excessive water is likely to have
reaction. This is the  reason that the conventional
art employed dehydrating catalyst  such as sulfuric
acid. In. case that loadings of acetic anhydride  is
less than the. foregoing extent, required acetylating
is not  13 achieved. When loadings of acetic anhydride
is more than that  extent, excessive acetic acid much
occurs to be in vain, leading  



to unfavorable necessity of collecting and condensing.
Loadings  of acetic anhydride is preferably 400 to
6OOwtt, and more  preferably 450 to SOCnat`3. When
-loadings of acetic anhydride is  set to such
preferable extents, acetic anhydride equally or
appropriately contribute to the dehydration and
displacement  reaction. Temperature for acetylation
reaction in the acetylating  process is properly 70 to
130C . Although temperature for  reaction is not
necessarily to he within this range, temperature
higher than 1000 is required for removing water
content separated  through reaction to the outside of
the system in the form of steam,  Also, in case that
temperature is set to be higher than any required
level, acetic acid itself vapors to flow out of the
system- To  prevent this, too, it is preferable to
limit temperature for  reaction to required minimum,
For example, a test performed at  150 C had a trouble
that placed cellulose had reaction of  acetylating
merely partially but not entirely. This point .:.,..
inferred to relate also to efficiency of an agitating
device but  not merely a matter of temperatures. But,
since it is desirable  [4 that the whole of placed
cellulose has reaction at a predetermined  rate of
acetylation, it is not denied that adjustment of  



temperature is important in relation also to
controlling the  reaction. in case that temperature
for acetylating reaction is  higher than the foregoing
extent, there is a fear of inconvenience  that
acetylating reaction partially progresses to be poorly
balanced as a whole. When the temperature is lower
than that  extent, there is a fear of acetylating
process not smoothly  progressing. Preferable
temperature for acetylating reaction is  80 to 1200,
more preferably 90 to 110C. Moreover', conditions for
pressure for acetylatingg process  is 0.1 to 5MPa.
Higher pressure than this extent has a fear of  delay
of acetylating reaction, and lower pressure than that
extent  leads to a fear that separation of water from
cellulose is not  sufficientlyy carried out.
Preferable pressure is 0.2 to 3MPa,  and more
preferably 0.5 to 1MPa. Time for acetylating reaction
may be suitably determined to  be 30 to 300min,
preferably 80 to 240min, and more preferably 120  to
180mmn. As seen from the above, according to the
method of  manufacturing Cellulose acetate, measures
for particularly  15 lessening pressure in the
steaming process in comparison with the  conventional.
art is provided to enable that a pressure vessel to  



be used in the steaming process needs merely a low
level of pressure  proof, whereby largely reducing
cost for equipment in :h.:is regard.  ZAiso, in the
acetylating process of cellulose content separated
after the steaming :process, such effect: is obtained
that there  is no need to use sulfuric acid for which
high danger is to be  assumed, thereby facilitating
safety in the circumstance of  manufacture. A high
temperature steam reactor vessel to he used in the
method of manufacturing cellulose acetate according to
the  present invention comprises a reactor vessel body
which is hollow  and has at the. upper part a steam
introducing port and at the lower  part a drain outlet
and an air discharge port, and a cartridge  filled
with collective chips subjected to be processed with
steam  and mounted in a space defined by the steam
introducing port, drain  outlet and air discharge port
inside the reactor vessel body,  the cartridge
comprising a cylindrical body being opened at the
upper end and having a bottom and provided with a
bottom plate  having a lot of apertures for allowing
steam to flow through the  same, and a tubular trunk
plate rising from the bottom plate on  16 its
periphery. The high temperature steam reactor vessel
according to the  



present invention may adopt, when required, such
feature that  on the inner surface side of the bottom
plate of the bottomed  cylindrical body by which the
cartridge is formed, there is  attached a net body
having air holes smaller in size than the  apertures
of the bottom plate for steam flowing through.
According to the present invention, it is adopted such
structure that the high temperature seam reactor
vessel  comprises the reactor vessel body, and the
cartridge attached to  the reactor vessel body, and
collective chips subjected to be  processed with steam
are filled in the cartridge. Thus,  collective chips
is more readily handled in comparison with the
conventional feature that collective chips are filled
directly  in the reactor ve.sse.l body. In other
words, the conventional feature of filling  collective
chips directly in the reactor vessel body needs labor
and trouble for taking out collective chips, after
reaction, of  the reactor vessel body. And in case
that collective chips after  reaction is an aimed
component, collective: chips taken out of the  reactor
vessel body is to be subjected to separating process
17 through purifying process including filtering and
ether processes.  As the present invention collective
chips is adapted to be filled  



in the cartridge, so that after reaction, collective
chips with  the cartridge can be taken out of the
reactor vessel body, followed  by applying
after--treatment. In addition, as the present
invention, the cartridge employs a cylindrical body
being opened  at the upper end and having a bottom and
provided with a bottom  plate having a lot of
apertures for allowing. steam to flow through  the
same, and a tubular trunk plate rising from the bottom
plate  on its periphery, and the reactor vessel body
is provided with  drain outlet and air discharge port.
By this feature, only  collective chips which is
effective component after reaction is  separated and
left in the cartridge, while residue such as drain
and exhaust are discharged from the cartridge, whereby
it is riot  necessary to separate collective chips
through purifying process  including filtration and
other processes As seen from the above, according to
the high temperature  steam reactor vessel of the
present invention, such excellent  effects are
provided that collective chips subjected to be
processed with high temperature steam is readily
handled, and  there is no need to perform in later
processes separation between  18 effective components
and residue generated from hydrolysis by  applying
high temperature steam. 



A superheated steam generator to be used in a method
of  manufacturing cellulose acetate according to the
present  r: vent: i.on comprises a :.s.=.:t; exchange
line which has at one end a steam introductio_: port
and at the other end a. steam taking out  port, is
arranged in a heating region, and is sectioned into
line  parts in plural stages extending from the steam
introduction port  to the steam taking out port, and a
ec:i, i.onal area of the line  part on a stage at a
downstream side being larger than that of  the line
part on a stage at an upstream side. Boyle-Charles'
law that volume V of a predetermined amount  of gas is
in inverse proportion to pressure p and is
proportional  to absolute temperature ':' (p4 =RT, R.
constant of gas) is also  generally appl i.cable to
steam which is gas. Hence, as the present  invention,
the heat-exchange line arranged in the heating region
is sectioned into line parts in plural stages
extending from the  steam introduction port to the
steam take--out port, and a  sectional area of the
line part on a stage at a downstream side  is made
larger than that of the line part on a stage at an
upstream  side. By this, even when temperature of
steam is made higher at  19 the steam take-out port
than the ,,team introduction port, an  influence of
increase of steam volume with respect to change of  



pressure inside the line is mitigated. Thus, it not
required  to make so higher pressure proof of line
part: bodies to be used  for forming the line and line
parts. By this, the superheated  steam generator is
able to be manufactured cheaply. And ultra  high
temperature steam generated by the superheated steam
generator is usable suitably for the steaming process
.n  manufacturing cellulose acetate. In the invention,
such feature may be provided that the  sectional area
of the line part on a stage at a downstream side  is
predetermined to be twice of that of the line part on
a stage  at an upstream side, the line parts being
those on stages occurring  one after another and adj
oining to each other. In this case, such  features may
be adopted that line parts at eachh, section of line
communicate in parallel to each other in such way that
steam flows  in the line parts in the direction of
counter flow, and the number  of line part bodies to
form the line parts on the stages at a  downstream
side is predetermined to be twice that of line part
bodies to form the line parts on the stages at an
upstream side,  the line parts being those on stages
occurring one after another  20 and adjoining to each
other, and furthermore, a1 the line. part  :bodies
have the same sectional area cf line. By this, the  



heat-exchange line in the heating region is designed
to he compact,  thereby facilitating making compact
the superheated steam  generator. In the present
invention, the heating region may have heating  with a
heating operation by a burner mounted below the
heat-exchange line. Also, in this case, a line part on
a final  stage may be arranged below a line part on a
precedent: stage. As seen from the above, according to
the superheated steam  generator of. t:he present
invention, it is enabled to provide a  superheated
steam generator which although provided a lower level
of pressure proof efficiency generates superheated
steam of ultra  high temperature. Thus, it is enabled
to provide cheaply a source  of supplying superheated
steam in the manufacturing process of  cellulose
acetate which requires steaming process at ultra high
temperatures. Brief Description of the Drawings Fig,
.1 is a general. flow diagram showing a method of
manufacturing cellulose acetate according to the
present  invention. 21 Fig. 2 is a flow sheet of the
specific processes. Fig. 3 is a schematic diagram of
the structure of a superheated  



steam generator. Fig. 4 is a schematic explanatory
view of the superheated  steam generator. Fig. 5 is an
explanatory view showing an example of a row  of line
parts in the line viewed from a point taken by the
arrows  V-V in Fig. 4. Fig. 6 is an explanatory view
showing another example of the  rowing of line parts
in the line. Fig. 7 is a diagram of properties
(substituting for drawings)  showing results of
experiments proving functions of the  superheated
steam generator. Fig. B is a. schematic longitudinal
side view of a high  temperature steam reactor vessel.
Fig. 9 is a front: view schematically showing an
appearance  of the high temperature steam reactor
vessel. Fig. 10 is a front view schematically showing
an appearance  of an acetylating reactor vessel.
Detailed Description of the Preferred Embodiment Fig.
1 is a flow diagram showing a method of manufacturing
22 cellulose acetate according to the present;
invention. As seen,  the manufac:turinq method involve
s the s _eami_^.q process, purifying  



process, and acetylating process. These processec will
he  explained hereunder with referring to the flow
sheet expressed  in Flo. 2. Fig. 2 shows the steaming
process referred to in Fig. 1 with  a surrounding
chain 'line denoted by the reference numeral 1, the
purifying process with that denoted by 2, and the
acetylatina  process with that denoted by 3.
(Steam.iElq Process; The steaming process 1 involves
and performs such process  that corncob powder
("corncob meal.") which an example of  collective
chips of wooden material is subjected to addition of
solid catalyst and pla.ced in a pressure vessel the
inside of which  is applied superheated steam having
ultra high temperature, Solid catalyst to be added to
the collect-, i.ve chips of a wooden  material may
selectively employ one kind of s_.bstance or plural.
kinds of substances among platinum, titanium oxide,
cerium oxide,  yttrium oxide, thorium oxide, Lin
oxide, zinc oxide, manganese  oxide, aluminum. oxide,
silicon oxide, and vanadium oxide. In this
embodiment. each titanium oxide, yttrium oxide, cerium
oxide  23 and thorium ox:ide, as solid alkaline
catalyst:, among those was  solo used. 



Corncob powder was attempted to be used _1 form of
collective of chic's simple substances having particle
size  dispersion of 0.01 to 5mm in length conversion,
of 0.05 to 2mm,  or of 0.1 to lmm, As a result, it was
found that] when the  collective of chip's simple
substances having particle size  dispersion of 0.01 to
5mm is employed, each chip simple substance  is
sufficiently applied with action steaming by
superheated  steammm, so that the entire collective of
chips are uniformly  steamed, thereby increasing
collection rate of cellulose content.  It was moreover
found that in case of the particle size dispersion  of
0.05 to 2mm, and of 0.1 to 1mm, there is obtainable
such action  that sizes of chip simple substances
contained i.nthe collective  chips are averaged up or
equalized to enable streaming action by  superheated
steam to be efficiently carried out, whereby readily
shortening time :for steaming process and also readily
controlling  temperatures and pressure of superheated
steam, the condition for  steaming process. Loadings
of the solid catalyst was attempted in such manner  of
being 1 to 2Owt%, 3 to l5wt%, and 5 to 1Owt% with
respect to  24 dried corncob powder. Found in the
extent 1 to 20wt% was that  the quantity of solid
catalyst was appropriate and sufficient  



action of catalyst was expressed. Further found was
that such  results also notably appear in the cases of
loadings of 3 to 1Swt%  and 5 to 10wt%, Temperatures
of superheated steam were set to be 400 to s00,cC.,
and pressure inside the pressure vessel. was kept to
be 0.7. to 5MPa.  Also attempted were temperatures of
superheated steam of 500 to  7001" and 550 to 60012,
and modified pressure inside the pressure  vessel of
0.2 to 3MPa and 0.5 to 1MPa. From hydrolysis in the
steaming process 1, hemicellulose  (soluble xylan) was
obtained as well in addition to cellulose  content.
Thus, the cellulose content was subjected to purifying
process 2 after the steaming process, The purifying
process 2  is carried out for separating or taking out
the cellulose content  from or of products and
residues from the hydrolysis reaction in  the steaming
process 1. As seen in Fig. 2, the steps of filtration,
washing, and drying were performed to collect the
cellulose  content. Additionally, the above-mentioned
hemicellulose was  separated, and solid catalyst was
also collected for re-use. Time selected for the
steaming process was 15 to 240rmin, 30  25 to 180min
and 45 to 120-min (Purifying process) Under every
foregoing specific conditions (temperature's of  



superheated steam, pressure, and kinds of solid
catalyst)  cell.u.i.ose convent separated through the
purifying process 2 was  not inferior _n whiteness
degree co cellulose content ontainable  by use of
cotton mataeri.al.. (Acetyl.at.ing process)
Acetylacing process 3 includes such step that
cellulose  content and acetic anhydride are caused to
react with each. other  yin order co produce cellulose
acetate and acetic acid. in detail,  the cellulose
content: together with solid acid and acetic
anhydride are placed in a pressure vessel to have
dehydration and  displacement (oxidation) under
conditions of high temperature:.  and high pressure.
Purl fed matter and residue through the  acetylatin.g
process were subjected to the steps of filtration  and
washing to separate cellulose acetate while collecting
filtrate and catalyst, catalyst being applied to
re-use. Although the acetylating process 3 did not
make use of  sulfuric acid which is used in the
acetylatino in the conventional  manufacturing method
referred to at the beginning of this  26
specification, cellulose acetate suitably applicable
to usage for  a material of biodegradation plastic was
obtained. In detail,  acetylat.ien. rate of cellulose
acetate was 55.2% and  



whiteness degree was 92%. It was confirmed that solid
acid to be usable in the  . mord^:.n..te, rl.
i.ncp:.tlol.:..tr, a. rd.  :acetvlatinf r process a
are -  synthetic zeolite. Also confirmed was that
loadings of solid ac d  may be 1 to 20:.,t% with
respect tna the dried cellulose content,  preferably 3
to lSwt% and more preferably 5 to 1G~wt%, It was
confirmed that loadings of acetic anhydride to be used
an the acetylating process 3 may be 30-0 to 700wt%
with respect  to the dried cellulose content,
preferably 400 to 600wtT and more  preferably 450 to
SOOwt%, It, was confirmed that temperatures for
acetylation reaction  in the acetylating process 3 may
be suitably 70 to 1.0`l- preferably 80 to 120t, and
more preferably 90 to 110C. It was confirmed that
conditions of pressure in the  acetylating process 3
may be 0.1 to SMPa, preferably 0.2 to 3MPa,  more
preferably 0.S to lMPa. Time for acetylat.ion reaction
may be suitably 30 to 3DO-min,  preferably 80 to
240min, more preferably 120 to 180min. 27 Next, a
superheated steam generator to be used in the steaming
process 1, a high temperature steam reactor vessel as
a pressure  



vessel to be used in the steaming process 1, and an
acetylating  reactor vessel to be used in the
acetylating process will be  explained. (Superheated
steam generator) Fig. 3 is a schematic diagram of the
structure of a superheated  steam generator. Fig. 4 is
a schematic explanatory view of the  superheated steam
generator, Fig. 5 is an explanatory view  showing an
example of a row of line parts in the line viewed from
a point taken by the arrows V--.' in Fig. Fig. his an
explanatory  view showing another example of the
rowing of line parts in the  line. And Fig. 7 is a
diagram of properties (substituting for  drawings)
showing results of experiments proving functions of
the  superheated steam generator. In Fig. 3, reference
numeral 10 denotes a superheated steam  generator, and
10A a steam boiler. The steam boiler 10A may employ
those which is able to generate steam, preferably has
capability  of generating steam of 110 to 13010. A
basic structure of the superheated steam generator 10
comprises a heating region Z which is realized by
operation of  28 a burner 20 and a heat-exchange line
30 comprising piping. The  heating region Z has
heating with a heating function of the burner  



20 arranged below the heat--exchange line 30. The
heat--exchange  line 307 is provided with a steam
introduction port 31 through which  introduced into
the generator is steam produced in the foregoing
steam boiler 10A, and a steam taking out port 32 for
taking out  superheated steam. In the superheated
steam generator, the heat-exchange line  30
schematically illustrated in Fig. 4 is sectioned into
plural  stages of line parts extending from the steam
introduction port  31 to the steam taking out port 32.
A sectional area of the line  part on a stage at a
downstream side is larger than that of the  line part
on a stage at an upstream side. Next, an example of
its concrete structure will be explained. In the
superheated steam generator 10 in the example shown
in Fig. 4, the heat-exchange line 30 arranged in the
heating region  Z is sectioned into line parts Pl, P2,
P3 on three stages extending  from the steam
introduction port 31 to the steam taking out port  32.
The line part P1 on the first stage and the line part
P2 on  the second stage extend to .connect with each
other as being rowed  up in parallel, so that steam
flowing through the line part 21  29 and the line part
P2 flows in the direction of counter-current  as
shown. Similarly, the line part on the second stage P2
and  



the line part on the third stage P3 extend to connect
with each  other as being rowed up in parallel, so
that steam flowing through  the line parts P2 and P3
flows :.n the direction of counter-current.  In Fi.g.
4, the direction of flow of steam is i.ndi.cat:ed by
arrows.  As seen also in Fig. `i, line parts P1, 22
and P3 on three stages  employ line part bodies having
the same sectional area (diameter) .  And each line
part P1, P2, P3 on respective stage may employ
different number of line part bodies so that the
second stage line  part P2 has a larger sectional area
than the first stage line. part  21, and the third
stage line part than the second stage line part.  In
more detail, the number of line part bodies used for
the second  stage line part P2 (the shown example
using two line part bodies)  is set to be twice that
used for the first stage line part P1 the  shown
example using one line part body) , whereby the second
stage  line part P2 is provided with twice the
sectional area of the first  stage line part Pl.
Similarly, the number of line part bodies  used for
the third stage line part P3 (the shown example using
four line part bodies) is set to be twice that used
for the second  stage line part P2 (the shown example
using two line part bodies),  30 Whereby the third
stage line part P3 is provided with twice the
sectional area of the second stage line part. P2.
Hence, regarding  



sectional area of each of the line parts P1, P2, P3
sectioned into  three stages, there is seen the
sectional area becomes twice each  time the number of
stage rises one by one. That is, sectional  area of
the line parts Pl, P2, P3 sectioned into three stages
is  proportional to the number of stages. In the
superheated steam generator 10 explained with
referring to Figs. 4 and 5, the line parts P1, P2, P3
on the  respective stages are adapted to communicate
with each other in  a ;?tanner of turning back and
winding, so that the whole of the  heat-exchange line
30 can be made compact in comparison with the  case
that the line parts P1, P2, P3 are communicated with
each  other linearly or in a manner of being a
straight line, Fig. 6 shows another example of a
superheated steam generator  1.0 having line parts of
the line rowed up in a different: manner  from Fig. 4.
In Fig. 6, 10 denotes a superheated steam generator,
and 20  a burner. In this example, a head.-exchange
line 30 arranged in  the heating region Z sectioned
into line parts P1, P'', P3, and  P4 on four stages
extending from a steam introduction port (not  31
shown) to a steam taking out port (not shown) . And
the line part  P1 on the first stage and the line part
P2 on theecond stage  



extend to connect with each other as being rowed up in
parallel,  so that steam flowing through the line part
21 and the line part  P2 flows in the direction of
counter-current as show::. Similarly,  the line part
P2 on the second stage and the line part P3 on the
third stage extend to connect with each other as being
rowed up  in parallel, so that steam flowing through
the line parts P2 and  P3 flows in the direction of
counter-current. Further, the line  part P3 on the
third stage and the line part P4 on the fourth stage
extend to connect with each other as being rowed up in
parallel,  so that steam flowing through the line
parts P3 and P4 flows in  the direction of
counter--current. Also, as seen in Fig. b, in this
example, the line parts P1,  P2, P3, P4 in four stages
of the heat-exchange line 30 employ line  part bodies
having the same sectional area (diameter) . And each
line part P1, P2, 23, P4 on respective stage may
employ different  number of line part bodies so that
the second stage line part P2  has a larger sectional
area than the first stage line part Pl,  and the third
stage line part P3 than the second stage line part
P2, and the fourth stage line part P4 than the third
stage line  32 part P3. In more detail, the number of
line part bodies used for  the second stage line part
P2 (the shown example using two line  



part bodies) is set to he twice that used for the
first stage line  part Pl (the shown example using one
line part body) , whereby the  second stage line part
P2 is provided with twice the sectional  area of the
first stage line part P1. Similarly, the number of
line part bodies used for the third stag line part: P3
(the shown  example using four line part bodies) is
set to he twice that used  for the second stage line
part P2 (the shown example using two  line part
bodies) , whereby the third stage line part F3 is
provided  with twice the sectional area of the second
stage line part P2.  Furthermore, the number of line
part bodies used for the fourth  stage line part P4
(the shown example using eight line part bodies)  is
set to be twice that used for the third stage line
part P3 (the  shown example using four line part
bodies), whereby the fourth  stage line part P4 is
provided with twice the sectional area of  the third
stage line part 23. Hence, regarding sectional area
of each of the line parts Pl, P2, P3, 24 sectioned
into four stages,  there is seen the sectional area
becomes twice each time the number  of stage increases
one by one. That is, similarly to the examples
explained with referring to Figs.2 and 3, sectional
area of the  33 line parts Pl, P2, P3, P4 sectioned
into four stages i  proportional to the number of
stages. 



In this example, the heating region Z has heating with
a  heating function of a burner 20 arranged below a
heat-exchange  line 30. Among line parts 21, 22, P3,
P4 formed by sectioning  the heat-exchange line 30
into four stages, any line part on a  stage at a
downstream side is arranged below a line part on a
stage  at an upstream side, such two ..'A no parts
being on stages occurring  one after another and
adjoining to each other. Thu::, the fourth  stage line
part 24 corresponding to a line: part: or: a final
stage  is arranged below the line parts P1, 22 and P<
on the first to  third stages. in the superheated
steam generator 10 in this example, the  line parts
P1, P2, P3, P4 on the respective stages are adapted
to communicate with each other in a manner of turning
back and  winding and also adapted to be rowed up
vertically, so that the  whole of the heat-exchange
line 30 can be made compact, although  having a
relatively large number of line part stages, in
comparison with the cast that the line parts P1, P2,
P3, P4 are  communicated with each other linearly or
in a manner of being a  straight line, and that
explained with referring to Fig. 4.  34 Fig.7 shows
Test results carried out for proving function  of the
superheated steam generator explained with referring
to  



Fig. 6. A steam boiler 10A shown in Fig. 3 was used
and the test  result was obtained, in detail, steam of
110generated by the  steam boiler 1OA was introduced
into a steam introduction port  31 of the superheated
steam generator 10 shown in Fig. 6. The  number of
stages of the line parts was five, and arrangement of
the line parts had the "turn back" structure based on
and according  to the feature explained with referring
to Fig. 6. Line part  bodies employ stainless steel
pipe of 15mm diameter and 450am::  length. And line
part bodies on any stages adjoining to each other  are
connected to each other by use of a stainless steel
header.  The number of line part bodies to form
specific line parts on  respective stages is one for a
first stage, two for a second stage,  four for a third
stage, eight for a fourth stage, and sixteen for  a
fifth stage. A burner to be operated for forming the
heating  region employs a propane gas burner for a
water heater (5000OKcal))  For the burner, those using
kerosene or fuel oil as fuel may be  usable in place
of the propane gas burner for a water heater. As seen
in Fig. 7, steam which has 1109of steam introduction
port temperature becomes lest in the first stage line
part, 272:  35 in the second, 905`x; in the third, 530
in the fourth, and 775'C  in the fifth. Temperature of
steam rises almost propcrtional.l.y  



to and following rise of the number of stage as above,
and steam  of nearly 800'C was able to be taken out of
the steam taking out  port. Meanwhile, steam injection
pressure into the steam  introduction port was
determined to be 0.2MPa. With the steam  caking out
port being kept open, pressure in the line parts on
the first to fifth stages was kept constant near
0.3MPa. There  was not found that pressure extremely
rises at the steam caking  out port in comparison with
the steam introduction port. From this. it was found
that pressure proof efficiency off  the line part
bodies to form the specific stage line parts may  be a
feature covering a level of about 0.3MPa irrespective
of the  number of stages. Further, ultra high
temperature st~E?.am of 7759C  taken out of the steam
caking out port was supplied at pressure  of 0.1 to
5MPa to a pressure vessel for steaming process so as
to be applied to steaming in a manufacturing process
of cellulose  acetate using corncob meal as a
material. It was confirmed that  the superheated steam
generator is usable as an efficient source  of supply
of superheated steam for the purpose of the steaming
process. 36 (High temperature steam reactor vessel)
Fig. 4 is a schematic longitudinally sectional. side
view of  



a high temperature steam reactor vessel.The high
temperature  steam reactor vessel comprises a reactor
vessel body 40 and a  cartridge 50 in the form of a
bucket in which collective chips  T is filled. The
reactor vessel body 40 is hollow and comprises  a
longitudinally elongated trunk 41 having. at an upper
part a steam  introducing port 42 and at. a lower part
a drain outlet 43 and an  air discharge port 44. In
the example, the reactor vessel is  provided at the
top with a pressure gauge 45. The cartridge 50
comprises a cylindrical body in the form of a bucket
being opened  at the upper end and having a bottom and
provided with a bottom  plate 5 having a lot. of
apertures 52 for allowing steam to flow  through the
same, and a tubular trunk plate 53 rising from the
bottom plate 51 on its periphery. The cartridge 50 is
mounted  in a space between the steam introducing port
42, drain outlet  43 and air discharge port 44 inside
the reactor vessel body 40.  On the inner surface of
the bottom plate 51 of the bottomed  cylindrical body
by which the cartridge. 50 is formed, there is
attached a net body 55 (mesh) which has air holes
smaller in size  than the apertures 52 of the bottom
plate 51 for steam flowing  37 through and is made of
stainless steel or restless steel.  Fig. 9 is a front
view schematically showing an appearance 



of a high temperature steam reactor vessel. As shown,
the reactor  vessel body 40 is provided at the upper
part with a lid 46. The  lid 46 is detachable through
a tightening means 47, The lid 46  is removed to
enable the cartridge 50 housed inside to be
detachable. In the high temperature steam reactor
vessel constructed as  above, the cartridge 50 filled
with the collective chips T to be  subjected to be
processed with steam is housed in the reactor  vessel
body 40 as shown in Fig. 8, and high temperature
superheated  steam from the steam introducing port 42
is supplied. The  superheated steam passes through the
layer of collective chips  T and goes out through the
steam-flow apertures 52 of the bottom  plate 51 of the
bottomed cylindrical body to form the cartridge  50.
And steam and liquid residue and gas from hydrolysis
reaction  flowing out of the steam-flow apertures 52
are collected through  the drain outlet 43 and air
discharge port 44. The high temperature steam reactor
vessel may be usually  plurally usable and installed
in parallel so that when one of the  high temperature
steam reactor vessels in operation, the  38 remaining
ones may be subjected to col lercting and rep-acing
cartridges and filling and to}:.i.n.g collective chips
in and out of  



the cartridge. Py this, such convenience is pr.ov.ded
ena'ole  con.tin:ous. operation of hydrolysis reaction
process by use of  plurality of high temperature steam
reactor vessels. In the shown example, the cartridge
50 is applied with the  net member 55 for the purpose
of processing collective Chips cof  smaller particle
size. In case that there is no fear of flow-out  of
chips from the apertures 52 of the bottom _:alate 51
thanks a larger particle size of chips of the
collective chips 'P, the  net member 55 may be omitted
The high temperature steam reactor  vessel when used
enables that collective chips after the  steaming
process may he removed together with the cartridge
frcmi  the reactor vessel body 40 and be subjected to
after-treatment.  (Acetylating reactor vessel) Fig. 10
is a front view schematically showing appearance of
an acetylatin.g reactor vessel, The acetylating
reactor vessel  comprises a superheat jacket 60 having
an inlet 6- for cellulose  content, an inlet 62 for
solid acid, an inlet 63 for superheated  steam serving
as a heat source, an inlet 64 for acetic anhydride,  a
drain outlet 65, cellulose acetate outlet 66, and an
inlet 67  39 for acd-it_ v e, and. an agitating blade
GE inside the vessel Th  a.^er'i 1_ating re a C:tor"
vessel T..ay properly employ a ma -Lerial- a,r 



as ata_n_ess steel a,_ ad rita::i applied with anti
coreos.or.  treatment in. response co _requirement of
uai_ng excellent in acid  proof and having h.ic
ri.g.':.d:i.ty. 40 What is claimed is: 1, A method of
manufacturing cellulose acetate involving the
following steps: a steaming process wherein collective
chips of a wooden material  to which solid catalyst
added is acted with superheated steam to  thereby be
subjected to steaming, whereby separating cellulose
content, and an acetylating process wherein the
separated cellulose content  separated through the
steaming process is first subjected to  purifying
process and is then subjected to acetylating while
being  pressurized together with solid acid so as to
obtain cellulose  acetate. A method of manufacturing
cellulose acetate as set forth in  Claim 1 wherein in
the steaming process the collective chips of  a wooden
material to which solid catalyst added is acted with
superheated steam of 400 to 80013 at pressure of 0.1
to 5MPa,  3. A method of manufacturing cellulose
acetate as set forth in  Claim 2 wherein in the
steaming process solid catalyst to be added  



to the collective chips of a wooden material may
selectively  employ one kind of substance or plural
kinds of substances among  platinum, titanium oxide,
cerium oxide, yttrium oxide, thorium  41 o:.ide, tin
oxide, zinc oxide, manganese oxide, aluminum oxide,
silicon oxide, and vanadium oxide. 4. A method of
manufacturing cellulose acetate as set forth in  Claim
3 wherein loadings of the solid catalyst is I to
20wt`r, with  respect to the dried wooden material. A
method of manufacturing cellulose acetate as set forth
in  Claim 2 wherein particle size of chips contained
in the collective  chips is 0.01 to 5mm. 6. A method
of manufacturing cellulose acetate set forth in  Claim
.' wh.ereln in the steaming process time of applying
superheated steam is 15 to 240min, ?l method of
manufacturing cellulose acetate as set: forth in
Claim 1 wherein the acetylating process includes a
process in  which the cellulose content and acetic
anhydride are caused to  react with each other to
produce cellulose acetate and acetic  acid. A high
temperature steam reactor vessel. to be used in the
method  of manufacturing cellulose acetate comprising:
a reactor vessel  



body 40 which is hollow and has at the upper part a
steam  introducing port 42 and at the lower part a
drain outlet 43 and  an air discharge port 44, and a
cartr.idge=. 0 filled with collective  42 chips T subj
ected t o be processed with steam and mounted in a
space  between the steam introducing port 42, drain
outlet 43 and air  discharge port 44 inside the
reactor vessel body 40, the cartridge 50 comprising a
cylindrical body. being opened at  the upper end and
having a bottom and. provi.:ded. with. a 'hot:toom
plate  51. having a. lot of apertures 52 for allowing
steam to flow through  the same, and a tubular trunk
Fate 53 rising from the bottom plate  51 on its
periphery :?.. A high temperature steam reactor vessel
to be used in a method  of manufactur i.ng cellulose
acetate as set forth in Claim 8 wherein  on the inner
surface side of the bottom plate 51 of the bottomed
cylindrical body by which the cartridge 50 is formed,
there is  attached a net body 55 having air holes
smaller in size than the  apertures 52 of the bottom
plate 51 for steam flowing through.  10. A superheated
steam generator 10 to be used in a method of
manufacturing cellulose acetate comprising a
heat--exchange line  30 which has at one end a steam
introduction port 31 and at the  other end a steam
taking out port 32, arranged in a heating  



region Z, and is sectioned into line parts in plural
stages  extending from the steam introduction port 31
to the steam taking  cut port 32, and a sect.i.on.a.l.
area of the line. part on a stage at  43 a downstream
side being larger than that of the line part on a
stage at an upstream side. 11, A superheated steam
generator 10 to be used in a method of  manufacturing
cellulose acetate as set forth in Claim 10 wherein
the sectional area of the line part on a stage at a
downstream  side is predetermined to be twice of that
of the line part on a  stage at an upstream side, the
line parts being these on stages  occurring one after
another and adjoining to each other. 12. A superheated
steam generator 10 to he used in a method of
manufacturing cellulose acetate as set forth i:_ Claim
.1.]. where-in  line parts at each section of line
communicate in parallel to each  other in such way
that steam flows in the line parts in the  direction
of counter . and the number of line part bodies to
cflow, form the line parts on the stages at a
downstream side is  predetermined to he twice that of
line part bodies to form the  line parts on t: he
stages at an upstream side, the line parts being
those on stages occurring o e after another and
adjoining to each  



other, and furthermore, all the line part bodies have
the same  sectional area of line. 13. A superheated
steam generator 10 to be used in a method of
manufacturing cellulose acetate as set forth in Claim
12 wherein  44 the. heating region Z has beating with
a heating operas:ion by a  burner. 20 mounted below
the heat-exchange line 30. 14. A superheated at:eam
generator 10 to be used in a method of  manufacturing
cellulose acetate as set forth in Claim 13 wherein  a
line part on a final stage is arranged below a line
part on a  precedent stage. 45 




