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 Receritly, considel'able effoi't has beei~ d{i･ected to establishing a sL~stainable_ socicty that utilizes waste recycling:. 
and a zero-emission no~~-C02 gas pr'oduction systelTl, fil o~'c!er to establish ~ sustain(ab]e society, with practica] 
~uaterial ~'ecycling, it is appi'opriate to focus on t~e chal'acter arld appiication of Soft=~lycirothermal-Process. 
The use of biomass is expected to spl'ead as an energy resou~'ce to co!~t~'ibute to i'educe the greel~~ouse gas 
emission bec~Lise bio~T}ass does not increase the amou~~t of cai'boi~ ciioxide generated in thc energy-using process. 
And biomass is aiso expected to be valuable resoui'ces for pi'ociucts. chemica{s, food and feedstock. 
Biomass is generaiiy defined as <'~l large VOluiT~e of matei'ial ol'ig:inated f'~'om pi~i~ts to be renewable and biolTi:ass is 
eve~{y distf'ibuted ii~ the I~/orld"'. 
As Japan is a nation poor {~~ l'esoL]~'ce, i't il~~poE'ts about 800/0 of the total eriei'gy suppiy. In acco~'dance with the 
agreement of COP3 (Thi~'d Confei'ellce of Pa~'~ies to the U.N. F~'~mework Convention on Climate Change) held in 
Dec. 1 997, japan has co~T]]~litted inte~'nationally to reduce c>~i~reenhouse gas em{ssion such as carbon dioxide, etc. by 
60/0 ofthe ~990 Ievel f*~'om 2008 to 201 2. 

Unde~' such Circumstances, "Special Measul'es to Proinote the Use of New Ene~'gy'" was established in 1997 to 
positiveiy ir]t~'oduce and promote the use of ne-w energy 'irolT] the viewpoints ofstable secul'ing ener_~;y and deaiing 
with environll~lent(al pl'obiems, and in Jan. 200 i "biol~iass" was addcd ~s a new energy source. 
The Biomass Nippo~l Strategy was decided by the japauese ~cFovei'ml~ent at a cabinet meetir!g held In December. 
2002. rt is Japanfs ~i'st r}(n~tio~ai s~rategy to utilize biomass as a va]uable 1'esource. ancl is compl'ehensive because it 
takes or} viewpoints of the varied ai'eas of technology, social anci economic systems. This means that Japan has 
dec]ared its decision to stop the devastatioi~ of resources. There are four basic reasons ~'o~' adoption this strategy: 
Climate change prevention; Development of a ~'ecycling:-o~'iented society; ~ncubation of r]ew industi'ies; and thc 
activation of L'ural ~reas. Thi:'ee types ofgoais have bcen set (technic(~l, region~al and national) with specific actiorl 
plans fol' pi'oduction, collection and trcEmsportation, coiTVersion tec[mologies, and stimulation of demand for energy 
or materiai uses. Thi'ough coopel'ation betw~en ~everal ministries, the implementation of the Stl'ategy has been 
going on for the past oue year, however there i'emairt many challen_~es to be tackled including the high costs of 
using biomass and stimtl]ating the demand for biomass produc.ts. Despite these hLli'd]es, however, the uti]jzation of 
biomass l,vill continue to be an impo~'tant policy issued In Japan. 
The technologies for bioinass utilization are gi'o~lped in two majo~' areas: one is for energy and the other is for 
products. 
Recently, cei'tain technologies, to which the manui'actul'e of' ~~a~v mcateriais tbr functional foods o~' chemical 
products from f~shery waste or inedible_ po~'~ions of f(arming r~~'ops ca~~ bc expected to emerge. Foi' exampie. 
technoiogies of the extraction of DHA, F_PA. Y-am{r~o butyric ~cic~, and dietary fibei~ which ai'e used as raw 
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 matcrlals貧or釦nctioualfbodslchitosau,whichisproducedfromcrustaceansa慮usedasrawmateriai.f'or
 allliもacterlaHlbet㌧,collagen,whichisused&sravvmater圃t'orcosmcticslaIlhavebeentume⊂ltoactualuse,
 DeveloPmelltlbl『thepurposesofproductio陰ofvaiioussしlbstances,whichcanbeu毛ilize〔lasr&wmaterials
 equφ1)edbydiverserangeoff、mctio血aUtyhlo1・dertoproduce1領ewmedicinesormaterialsthatlsah・eady
 aclvanced.Thus,is貧arflqomthestageofveri'貸catlon,orisinthecourseofbasicresearch.
 Thus,ateclmology罫ol'δlsposalalldrecyclingo'fwastebiomassandLlnusedbiomassisdesil'e(1、
 So俸Hydrothermal-Processcouldbeusefuitoaccompiislltilispurpose.AndSo作}{yd1'othermaトProcesslsolleof
 theaclvancedtechllobgiesf'orblom&ssaれdw&s宣es,whichhavehighlτloistureconteロt,becauseitdoesnQtrequire
 adlyh19P1『ocess.
 Soft-Hydrotherma1-Processisahig11」e漁aipy,low-densltywatervaporprocess,whlcllhasnocoexistingliquids
 an〔いheref・re,ls!『em・ved負1・mtheb・i!ing-PdPtdept11・rela隻i・nship一一Le・bebwsaturated〉ap・rpressure,but
 relativelyhlghpi'essu1'e.AndSo食一Hyd1『otherma1-Processllaspotentialibrpromotillgorganicreactions,sし繍as
 ̀`selectiveseparat1oバand“extractlon"at`so-caHed,softhydrothermalcond1tionswhichcanutilizetherejection
 盤eat,

 βutSon-Hydrotlle}'mal-Processhasbeenstudied顔ever,soa飴wisk月ownaboutSoft-Hydrothermal-Process、
 Theoblectiveofthisstudyistoclarifythemecha罰1smo'fらこdryi119"alユd``extraction"inSoft-Rydrothel'ma1-Process、
 F111†11ermore,lmProvinga}1d妻'ec)ノclingwasteb1Gmassa{1dullusedbiorγ}assunderSoft-Hyd重`o重hermεd-Processwas
 invcstigatecl,Laboratolyan1組a!beddhgwascllosenεtsatestmater1altorepresentre負『acto藍'ywastebiomass.
 Harm飼organ1cco正npone臨wereextr&cted'農'Gmαてlinary・丹'ood-cゆbeddhlgbySoa'一Hydrotわerma!P1'ocess,
 andthetreatedbeddlllgswerepossibletouseおt'mainta1瞳/gofmlce.Ontheotherhand,So負一Hydrothermal
 processdecompose(la重1deliml縦edhariη飼orgaillccompo旦ellts,excl'emen亡andammoflla'a'omusedwood-chiP
bedding.Asarcsult,85%6fuseclbedd1Rgswerepossibietorecycle.wealsoreporttheresu!tsofralsh19
 examinationofmiceusingSo負一Hydrotheゼmalprocesstreatedb¢dd1ηgs.A雇1dmicro-enviドonmentofroomand
 cagewasimpl'ovedusingwood-chipbeddiagstreatedbySo露踵ydrothermalprocess.
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 lnChapter1,士流rstofall,Ih抗vedescギlbedthecLilTentstatusofbioinassutillzationlηJapa恵1,andthepl『oblemof
 globaiwarming,whichiso丘eofthemGstc盈'itlcale憩viroΩlnenta!issues、So,biomasscanbeutilizedaseuei'gyand
 asabasisforProducts,in童hesamewayasfossUfuels,thuscoveringawi〔terarlgeofapPHcationsacrosstheentire
 rarlgeofdaUyhumar1!i£e.Consequently,the亡echnologyusedt'orcollvertiRgbiomass量n‡oProducts,itlsexpected
 to1)u肩ntopracticetitedlversiflcatio!]oftheproductsobtained出roug無conversio燕,aswellasendowingt熱emwith
 h巨9haddedvalue.Besldes,PropertiesofSoft-Hydrothermal-Processwithrespecttod重yi農gaadextractionhave
 beendiscussed.So負一Hydro竜herm&1-Processtechnoiogycoし11dbeusofultoaccompllshthispurpose、Basedon
 thesedescriptions,齢aimandresearch皇nethodoft13isstud》'ilavebeenpresented、

 InChapter2,inordertoclar廷ンmechalllsmsof'dryingandextractreactlonofwaterfol'
 Soft-Hydrothellma1-Process,weexamlned盈》1ingcharacterls重lcsbyf」owtypereactorandextractioncharacteristlcs
 bybatchtypeautoc!ave.Wood-chlps,曲icharerepresen亡&tivebiomassmater1&1,wereusedindryhlgexperiments、
 Andseveraimodeiorganlccompounds,whlchal'ederivedfrombiomass,wereusedillex甑ctioηexperiments.
 Wecanseefromdl「yingexperime筋tsthatdryingratewashlcreasedattheincreaseofvapordensity.ltwas
 s・99estedtha亡m・n・1ndecしllarH20・fv&P・宜・phasedr農w・ut“b・し!ndwa亡er"盒・・mw・・d-substa書1ceduet・
 monomolecularH20weake員hydrogenbotmdof``bounciwater"andwood-substance,andthenbhldnewly
 hydr・genboundwith``b・undwater".Besides,wecanseeを'r・mextractionexperlmen重sthattheposslbilityof
 thesdectiveextract1onbycoatrollingofreactlonconditiolls,su薇asreactiontime,Pressure,andtemperatureof
 Soft-Hydrothermal-Processwasiavestig段ted.

 InCわapter3,basedonresearchabove,wedevelopedSo丘一Hydl'othermal-ProcessapPara亡usfbrlmProvi且gand
 recyclingthebiomass、Andweelucidateddrylllga書1dextractionprope竜tiesoftheapparatus、On生hebaseof
 experlmentalresし搬s,weproposedanoptlmumprocesstoobtainingusefulresources負10mthebiomassby
 Soぞ田ydrothermal-ProcessapParatus.

 InChapter4,癒e驚asibllityofimprovingandrecydingofwastebiomassandunしlsedbiomassin
 Soft-Rydro重hermal-ProcesswasinvestigatedbytheapparatusasdiscussedinChapter3.Laboratoryanimai
 beddingswerecわosenasatestmaterialtorepresentref)・actorywastebiomass.Beddingsfbrlabo1'atolγallimalsin
 theircagesareanenvh'omnentaifactorthatcanir1臼uenceonexperimentaldataandwe11-beingofanima1,and
 containvola亡ilean曲a量m£ulcomPonen書s,sロ。わaste重penesanda1'omatlccompounds.1naddltion,&1argeamount
 ofwastedisposalbeddingscont&iniagexcrementsareproducedasanindus生rialwastefromanima1£acili重iesoflifb
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science institutes or breeding companies. i~armful organic components were exiracted il'om ordinary wood-chip 
bedding by Soft-Hych'othermal-Pi'ocess and were decomposecl and eiiminated hallnful oi'ganic components, 
excrement and ammonia from waste disposa] bedding by this process, lvtoreover, Soft-Hydrotherlllal-Process may 
ilT]prove harmful colTtponent-rich oi'dinary bedding and make waste disposal beddin*~:s possible to i'ecycle foi' 
l~1aintaining laboratory animais. 

in Chapter 5, basec[ on conclusions resulted from Chaptei' 4, we conducted raising examination of mice using thls 
Soft-Hycirotherlrtal process foi' treatment of beddings at the Tohoku Universlty, Gi'aduate School of Medicinc. 
Institute for Animal Experimentation. Fii'stly, we evalL[ated the influence of Soft-Hydi'othe~mal pl'ocess on 
treatment oi' bedriings by raise of i~~ice. These exc~minations led to solne conclusions as tbllows: ( l) No signit~ic(~rtt 
dii'ferences existed In bocly welght (g) versus age of ~CR mice, which wei'e tested betvveeE~ ordinal'y bedding and 
Soft-Hyclrothei'mal-Process treated beddings. (2) SilTiilar re.sults were found in data obtained at "Litte.i' size of one 
feinale" anci Offspilng weanecl flom femaie". The resLLlts indicated that there we_re i~ot dlffere~~t Int~uences. 
harmful effp*ct andlor adverse effect to use Soft-1-lydrothei'ma[-Process t~'eated beddir]gs. And 850/0 of' waste 
dlsposal bedding was possibie to recycle as bedding. in other ~vol'ds, the Soft-Hyd~'othe~'mal-Pi'ocess treated 
beciciing is uti[ized as oi'd[nal'y bedciing. Secondiy, i'aisirig experii~~ents of mice usin~~'*__' SofL=[-[ydrothermai process 
treated bcddings were ca~'ried out, and aii'bo~'ne dust pa~'ticies ~lnd (~irimor}ia co~lce_~~tration were measL}~'ec! In an 
anhTlal rooln and above mice ca~~CTes. It was indicatec[ that mic~'0=envi~'onment of roolT} anci cages wei'e improved 
 using wood-chip bedding, which was treatec{ by Soft-Hycirothermal process. ThLls. Soi't-Hy({~･otheriTlal-Process 
treated becidings wei'e not only to reuse again, bt~t also their quality as beclcling- was impi'oved distincily. 

In Chapter 6, the conclusions based on expei'iment clata and results 
 clearly demonstrates that Soft-1-lydrothe~'mal-Process i･･_ a proiTiising 
biomass. 

of discussioi~s wei'~ pi'esented. Oul' study 
~Tle~h_od for iiTip~'ovil~g an_d recycling of 
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 論文審査結果の要旨

 本論文は、基礎的研究例がほとんどない乾燥水蒸気の特性を明らかにし、その具体的

 応用例として、実験動物の床敷に適用することにより、木質バイオマスの改質とリサイク

 ル可能であることを示している。

 第1章では、未利用バイオマスと廃棄バイオマスの現状について述べ、既千一1三のバイオマ

 ス利用技術とソフト水熱プ'ロセス法の相違からソフト水熱プロセス法における乾燥水蒸気

 が木質バイオマスの改質とリサイクルに適する反応媒体であることを説明した。さらに、
 そのプロセスの応用として、動物実験施設等で.大量に使用されている床敷を選定した理由

 について述べている。

 第2章では、ソフト水熱プロセス法での反応媒体としての乾燥水蒸気の特性を明らかに

 するため、木質バイオマスとして木質チップを用いて流通型の実験装置での乾燥特性と、

 木質バイオマス由来のモデル化合物を用いてオートクレーブでの抽出特性を実験を行って

 いる。乾燥特性では、乾燥水蒸気の低密度で高エンタルピーの反応媒体であることが乾燥

 に有利なだけでなく、水蒸気が結合水を引き抜く乾燥水蒸気の乾燥メカニズムを推定した。

 抽出特性では水蒸気密度と反1,己1温度および反応時間による選択的抽出特性を明らかにした。

 その結果、乾燥水蒸気は液相の高温高圧水にはない乾燥特性と液相の高温高圧水と同等あ

 るいは同等以上の抽出特性を兼ね備えた反応媒体であること示している。

 第3章では、ソフト水熱プロセス法での反/、己1媒体としての乾燥水蒸気の特性を利用した

 木質バイマスの実験装置を開発し、そσ)性能特性について第2章で朋らかにした乾燥特性

 と抽出特性を考察した。実験装置の開発に際しては、ソフト水熱プロセス法での乾燥水蒸

 気を均質化する対策を講じて実用機レベルでの処理を可能にした。したがって、乾燥水蒸

 気の乾燥特性と抽出特性を兼ね備えた実用規模の実験機を開発できた。

 第4章では、第3章で開発した実験装置により、木質バイオマスの改質と廃棄バイオマ

 スの再生の可能性を実験動物の床敷を用い検討した。改質については、床敷としての機能

 を損なわないで木質チップの抽出成分に多く含まれている木質山来の化学物質を除去し、

 木質床敷の改質ができることを示した。また、再生については、床敷としての機能を損な

 わず、使用済み床散材から腐敗物質を除去し、乾燥、滅菌・殺菌して再生することができ

 ることを示した。さらに再生床敷は、吸水性や脆性も優れ、粉塵量の減少による飼育環境

 の改善できることも示した。

 第5章では、ソフト水熱プロセス法により改質および再生した床敷についてマウス(sLc:

 ICR♂、♀)による動物実験を行い、行動観察、体重曲線、産仔数、および離乳数より改質

 ならびに再生した床敷は実験動物に悪影響がないことを確認した。また、再生床敷による

 長期間飼育実験(33週齢)の体重曲線と解剖検査による所見、摘Il上口三要臓器の重量測定、

 血液学的検査(1虹色素量・赤血球数・白血球数・ヘマトクリット・MCV・トic11噸CHC)、およ

 び血液生化学的検査(総ビリルビン数、トリグリセライド、総コレステロール、グ.ルコー.ス、

 AST、ALt)による分析からも、再生した床敷が実験動物に悪影響がないこ一とを確認した。

 したがって、従来のリサイクル技術では品質低下をもたらしたが、乾燥水蒸気処理を行っ

 た再生床敷は、床敷としての品質が向上していることを示した。

 以上、本論文により、乾燥水蒸気領域での水の特性を利用して床敷の改質と再生が可能

 になったことにより、未利用バイオマスの改質と廃棄バイオマスのリサイクル、ならびに

 木質バイオマスの有効利用の可能性を明らかにした。このように、本論文は、21世紀の

 環境科学に必要な少エネルギープロセスの一一っである乾燥水蒸気利用技術の発展とそ0)応

 用を示したもので、環'境科学のみならず素材工学の発展に寄与するところが少なくない。

 よって、本論文は博士(学術)の学位論文として合格と認める。
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