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architectureshasbeenreportedandattributedto
inorganiccompounds(e.9.,Ca,S,etc.),whiChmaybe

transportedbycondensationwaterbetweenwoodand

stone,insomeliterature(佐藤era/.:2017).Ontheother

hand,whiteningphenomenonofwoodisalsoobserved
inlocationsadjacenttometalcomponents,whichis

distantfromearthenorstonebaseandshelteredfrom

directsunshineorrainfalls,inthecaseofhistoric

architectures(Fig.1).Untilnow,thistypeofwhitening

phenomenonhasnotbeenprofOundlystudied.
TheOldlwasaki-keSuehiro-betteiVilla(locatedat

northwestofTomisatoCity,ChibaPrefecture,Japan)

wasconstructedbylwasakiHisaya,thecommander
ofMitsubishiZaibatsu,todeveloptheagricultural

industry inTomisatoareasatthebeginningof

Showaperiod(1920s-1930s).Themainexisting

h is tor icarch i tecturesare : theMa inHouse ,a

Japanesevillastylesinglestorywoodenarchitecture
withaWestern-Japanesefusionstyleinterior/he
A r b o r , a J a p a n e s e t e a h o u s e s t y l ewood e n

architecture;theStoneStorehouse・Asareflectionof

upper-classlifestyleatthebeginningoftheShowa

period,the3existingarchitectureswereregistered

l.Introduction

Woodmadearchitectures,ships,artifacts,folk

crafts,etc.,constituteacrucialpartofhumancultural

relics.Activitiesofhumanbeingsandexposuresin

thenaturalenvironmentduringthehistorictime,the
rapidlychangingenvironmentinrecentdecadeshave

resultedinmultifariousdeteriorationphenomena,

whicharethreateningtheexistencesandcrucial

valuesofwoodenartifacts.Exceptfortheexternal

causes l i kem ic roorgan i smand insec t , human

activities,naturaldisasters,sunshine,rainfalls,etc.,

theconstituentpartsoftheculturalpropertiescould

betheinternalcausesofdegradationsanddamages.

Wh i ten ingd isco lora t ionofwood isagenera l

deteriorationphenomenoninthecaseofwooden

culturalproperties.Previousstudiestodatehave

accumulatedknowledgeaboutsomerelatedexternal

causestoexplaintheoccurrencemechanismsofthis

typeofphenomenon,suchaswhitewoodrotfUngi(屋

我era/.:1997),naturalandarti6cialradiations(山本er

a/.:2007).Recently,thewhiteningphenomenonofwood

ad j a c en t t o e a r t h eno r s t o n eba s eo f h i s t o r i c
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asRegislrationTangibleCLllturalPropertiesofJapan

in2013(Fig.2)(g'l!11敵育委li会:2015).

Inth(、Oldlwasaki-keSuehiro-betteiVil la.the

whiteningphenomenonofwoodadjacenttometal

compon(jntsiscommonlyobservedeitherininterior

orexteriorsides､forinstanceinwoodadjacenttothe

metalhingeoftheshelfholdersandthewindowbars

inextel-i()rsidesoftheMainHoLIse,themetallamp

bracket()ntheexteriorpillarandthecoppernailsof

theexteri()rltakabe(板壁.woodenwall)oftheArbor.

Alongwilhthepromotionofthepreservationand

socialulilizationprojectforthissiteinrecentyears.

theprop(､rconservationstrategiestodealwiththe

deteriorationphenomenonoccurredonthehist()l-ic

architecturesareul-gentlyl-equired.Scientificand

c()mprehensiveunderstandingstowardeachtype()1

degradationphenolnenonarethebasisforreasonable

conservationstrategleso[long-termpreservation.

T h i s i n v e s t i g a t i o nw a s c o n d u c t e d t o b u i l d

prel iminaryunderstandingtowardthewhitening

phenomenonofwoodadjacenttometalcomponents"

byfiguringoutsurfacefeaturesofelementcontent，

colors,watersolublecontents.additionalsubstances

otherthanwoodstructurechemica lcomponents

withnon-destructiveandlessdestructivemethods
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２.２Analysis

２.２.11n-situinvestigationmethods

CoIorimetricmeasurement

elements.samplethicknessｏandcanbeusedto

reHectquantitativeinfbrmationofanalyzedchemical

elements.Sincetherelat ivelylargevolumeofthe

investigationobjectinthisinvestigation,thefactorof

thicknesswasneglected,andthedetectedintensity

ofeachelementwasappliedtorepresenttherelative

elementconcentrationsofeveryinvestigationpoint

(Sitko.RandZawisza.B.:2012).

Thecolorimetricinformationwereobtainedwitha

Spectrophotometer(NipponDenshokulndustriesCo.,

Ltd・NF333)､inreflectancemeasurementsmode,

underconditionsofD65111uminant,10｡observer

ang leand３- f l ashave rag ingmode .Thev i sua l

differencesbetweenwhiteningwoodadjacentto

metalcomponentswerenumericallyreHectedbythe

1９７６CIEL*a*b*coIorimetricsvstem.Forconcernon

whitenessdegreeofwood!theL*valuerepresented

whiteness(+white,-dark)inthissystemwasfocused

on(Johnston-Feller,R:2001).

XRFAnalys is

Thesuperficialelementcontentwasobtainedby

XRFana lys isw i thaportab leXRFdev iceBruker

AXS,SlTURBOequippedwithaSi lverX-raytube,

s i l i condr i f tdetector (SDD) ,wh ich iscapab leto

detecte lementsrangefromlowatomicnumber

elements,sLIchasMg,Al ,Si ,P,S,etc.Theworking

conditionswere40kVforthepotential.６0uAforthe

currentofthetubeand4５sacquisitiontimeforeach

lnvestlgatlonpolnt.

HeightsofintegratedareasofX-rayHLIorescence

peaksarerelatedtoanalyteconcentration・matrix

２.２.２Extra-situinvestigationmethods

The s t a t u s o f s u r f a c ewood t i s s u e s a nd t h e

addit ionalsubstanceswereconfirmedbvXRDand

FTIRanalysiswith6nelypowderedsamplestakenby

doublebladerazors,SEMObservationandEPMA

analvsiswithwoodsurfacetissuessamplestakenbv

carbontapes.

XRDAnalysis

XRDanalysismeasurementswereconductedwith

t h e B r u k e r A X S , D８ADVANC E / T SM u n d e r

c o nd i t i o n s o f１ .５４２nmCuK ( I R a d i a t i o n a t

40mV/40mA,over５｡-７０．２8interval,atascanning

speedo fO .５sec/s tep (６０００steps i n to t a l )

D IFFRACT.EVA(Vers ion3 .2 )sof twareandthe

ICCD(Internat ionalCentreforDiffract ionData)

databasewereappliedforidentifyingthecrystalline

contentsinsamples.XRDspectrawerenormalised

図２旧叶崎家末職別邸櫛|ﾉ1配i置図ｃ
Fig.２TheplanoftheOldlwasaki-keSuehiro-betteiVilla
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SEMObservat ionandEPMAana lys is

Thesamplestakel]bycarbontapeswere

withcarbonbeforetheSEMobservationand

withthemaximumandminimumsettooneandzero.

FTIRAnalys is

FTIRspectroscopymeasurementswereconducted

withanFTIRspectrometerequippedwithanATR

unit(PerkillElmer,SpectrumOne(B))innormalroom

atmosphere，from４0()( )cm̅'to４00cmJwitha-ｌ

resolution()f４cm',６４scanstoaverage.Thebaseline

c()rrectiol landnormalisationofFTIRspectrawere

conductedbySpectrumv3.()Osoftware(PerkinElmel-).

T h e n o rma l i s a t i o n swe r e c o ndu c t e dw i t h t h e

maximumandminimumbetween２0()()and４()()cm'

lneSampleStaKel]DyCarDOntaPeswerecoa[eq

withcarbonbeforetheSEMobservationandEPMA

ana lvs is .The lXA-８５３0FElectronProbeMicr ( )

A n a l y s e r w a s a p p l i e d ・ E PMA a n a l y s i s w a s

performedundercondit ionsofl5kVelectronbeam

voltage,10nAcurrent,２umbeamdiameter

Toobservethestatusofthedetectedinorganic

Crystallinesinwood{BSE(back-scatteredelectl･()11

detec(or)imageswereappliedtodistinguishw()()d

tissLlesandin()rganlccompoundthroughcontrast()f

theimage(brightertonerepresentgreateraveragesettooneandzero
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distilledwateronthefilterpaper;

2)Retrievethenaturallydried61terpaper;

3)Immersethefilterpaperin5mldisti l led

for48hs:

atomicnumbersinthesample,viceversa).Moreexact

quantitativedistributionsfortheassignedelements

werevisualizedbyEPMAmaps,withcoIoredrectangle

scalesrepresentintensity levelsofeachelement.

growingupwards,fromblacktowhitishmagenta

lonChromatographyAnalys is

Inordert()semi-quantitativelyandnondestructively

eva luatewater -so lub le ions inthesurfaceofthe

Ｗａｔｅｒ

growingupwards,fromblacktowhitishmagenta ４)Analyzethewaterextractionoffilterpaperby

l o n C h r o m a t o g r a p h y A n a l y s i s i o n c h r o m a t o g r a p h y i n s t r u m e n t

Inordert()semi-quantitativelyandnondestructively Ionchromatographyanalysiswascarriedoutwith

eva luatewater-so lub le ions inthesurfaceoftheaMethrohm８８３Basic lCPlus instrument .Theanion

wo( )d . f ( ) l low ingprocedureshavebeendeve lopedana lys iswascarr iedoutw i thseparat io l l co lumns

( Z h o u e r a / . : ２ ( ) 1 7 ) . M E T R O A S u p p ５ ２ ５ / 4 . 0 ( 6 . 1 0 0 6 . 5 3 ( ) ) , ( ) . 7 ( ) m L / m i n
l)Putdistilled-water-leacheddry(10xlO)mm3filter Howrate.Thecationanalysiswascarr iedoutwith

paper()nthesurfaceofthewood,anddrop５0"lMETROC３-２５()/4.0(6.1010430)column.l.()mL/min
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図3XRF分析の結果、a)検出された各元素の信-号強度、b)金属元素に帰属された信号強度(No.1,3,4,5箇所におけるZnの信号強度．
No.2箇所におけるCuの信号強度,No.6箇所におけるFeの信号強度)･白色度(L*値）の散布図･
Fig.3ResultsofXRFanalysis,a)thedetectedintensitiesofpredominantelements;b)thegraphofdetectedintensitiesof
predominantmetalelements(DetectedintensityofZnfOrNo.1,3,4,51ocations,CufOrNo.21ocation,FeforNo.61ocation)versus
whitenessdegree(L*)ofthecorrespondinginvestigatedpoints

Howrate.Thepeakareaswereappliedtocaculate

ioncontentwithMaglCNet(version3.l)software.

InwoodadjacenttoCu-Znalloycomponents(No.1,

3,4,5investigationlocations),thedetectedintensity

ofZnelementisextremelysignificantthanintensity

ofCue lement ,wh ichcou ldbeexp la inedbythe

Iowerelectrochemicalnobilityofzincthancopper.

Inordertodiscussthecorrelationshipbetween

whitenessdegreeandthemetalelementcontentof

wood,thedetectedintensitiesofthedominating

metalelementsareplottedversusL*values,usinga

logarithmicscalefordetectedintensities(Fig.3.b).As

showninF ig .3 .b , thespotbe longtothe inter ior

referencepointsoftheNo.llocation(1-R-Int),one

whiteningpointoftheNo､31ocation(3-lpoint)and

mostoftheotherreferencepointsarescatteredin

theleftlowerhalfregionofthegraph,withL*value

lowerthan47.0anddetectedintensitiesofmetal

elementsIowerthanl.00×1051eVel.InCOntraSt,

spotsbelongtowhiteningpointsadjacenttometal

componentsaremostlyscatteredintherighthalf

regiOnofthegraph,withs ignificant lyh igherL*

values(47.0～62.0)anddetectedintensities.This

presentsthetendencythatwhiteningpointsadjacent
tometa lcomponents ,except3- lpo int ,seemto

presentrelativelyhigherwhitenessandcontainmore

3.Results

3 . 1 C o I o r i m e t r i c m e a s u r e m e n t s a n d X R F

analysis

TheXRFanalysiscon6rmsthatthenailsintheNo.2

locationaremainlycomposedofcopperandthosein

theNo.61ocationareiron,metalcomponentsinthe

otherlocationsaremainlycomposedofcopperandzinc.

Thedetectedintensitiesofpredominantelements

aresummarizedintheFig.3.a.Asshowninwhich,

thetotaldetectedintensitiesaredifferentdepending

onthelocations,whileitcouldbeclearly6guredout

thatwhiteningpointsadjacenttometalcomponents

presenth igher in tens i t i esw i th thes ign ificant

portionsofmetalelementsthanthecorresponding
re fe rencepo i n t s . TheCu ,Zn , Fee l emen tsa re

r espec t i v e l yde t ec t ed i nwh i t en i ngpo i n t s as

predominante lementsadjacenttothesemeta l
componentsbyXRFanalysis.Whilethedifferences

betweenwhiteningpointsandreferencepointsare

lesspronouncedinthecasesofbottomsideofNo.4

and51ocations(4-2,4-2-R,5-2,5-2-R).
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Wavenumber(cｍ･1） Wavenumber(cm-') Wavenumber(cm-l)
- １ - １ - ｌ

図5FT I Rスペクトル, a )No . 3箇所 , b )No .５箇所 , c )No . 2と６箇所。●C2O4 -に関わるバンド:1630cm , 1360cm , 1320cm ,
822cm';､Zn-Oに関わるバンド:500～400cm-';･Cu_Oに関わるバンド:500～400cm̅';mSO4-に関わるバンド:1190cm,1090

-ｌ

- １ - １ - １ - １ - １
cm,1000cm;660cm̅,630cm;.Fe-Oに関わるバンド:510cm｡

-l
Fig;5ThespeptraofFTIRanalysis,a)No31ocation,b)No5!ocation,c)No.2and61ocationsOC204-relatedbands:1630cm̅,1360

- １ - １
Cm '̅,1320cm.',822cm"';｡Zn-Orelatedbands:500～400cm.';OCu-Orelatedbands:500～400cm '̅;mSO4-relatedbands:1190cm
ｌ ． ’ - １ - １ - １ - １

,1090cm,1000cm,660cm,630cm; .Fe-Orelatedbands:510cm.

metalelementscontentthanreferencepoints.

InthecasesofNo､４and51ocations,thepointsof

thebottomside(150cmheightabovegrOund)are

ConcentratedinaregionwithL*valuearound53.0

anddetectedintensitieslevelaround１.００×105.No

pronounceddifferencesofL"valuesanddetected
signalsofmetalelementsbetweenpointsadjacentto

metalcomponentsandreferencepointsareobserved.

I tappearsthatthecolorofwoodanddiffus ionof

m e t a l e l em e n t s i n w o o d s u r r o u n d i n gm e t a l

tomponentsarenotsigni6cantlydifferentrespectto

thedistancesfrommetalcomponents.

FTIRspectraofNo.3,51ocationsand2-W,6-1,6-2,6-3

pointsarepresentedrespectivelyinFig.4andFig5.
XRDanalysisconfirmsexistencesofcrystalline

phasesotherthance l lu losecomponents(002
crystal l inepeakat22｡andlOlamorphouspeaks

aroundl5～17｡)(Lionetto,F.eta/.:2012)insamples

ofpointswithsigni6cantXRFdetectedintensitiesof

metalelements.IntheNo.1,3,4,51ocationswhich

adjacenttoCu-Znalloycomponents,thepresencesof

zincoxalatedihydrate(ZnC204･2H20)areevidenced

inmostwhiteningpointsexceptthesampleof3-l

pointwhichhaslesspronounceddetectedintensity
ofZninXRFanalysis .Alongwiththezincoxalate

dihydrate ,z incsulfitesarea lsodetectedinthe

sampleof3-2point(Fig.4.a).IntheNo.21ocation,

whichadjacenttoCunails,onesignificantcharacter

3 .2XRDandFTIRAna lys is

AstypicalexamplesofwoodadjacenttoCu-Znalloy

Components,coppernails,ironnails,theXRDand
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IXI6BESIllli像とEPMAｍ分析11l'i".a)No３箇)ﾘ｢,b)N().2.c)No.６.d)K().５簡所,e)窓枠1--部にある５-１｣I.!､(と窓枠下部にある５２,'.'､(
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peakat２２９。(Dvalue=３８７)coLlldberecognizedin
theXRDspectrum.Th ispeakmaybeascr ibed[o

thecoppel-oxalatehydrate(mooIooite.CuCJO{xH20)

(Fig.４c)whileneedingfurtherconhrmation.
AssameastheresultsofXRFanalvsisoftheNo.

ad jacenttona i l s (6-1 ,6-2 .6-3po int )a longwi th

､ﾍkagneite(6-FeOOH)(Fig3.c).

SomecharacteristicbandsintheFTIRspectrathat

coLlldnotbeassignedtotypicalvibrationsolw()od

componentsprovidefurtherconfirmationforthe

existencesofmetaloxalatec()mpoundsorlarositein

wo()dtissuesAsshowninFig５,inspectraofpoillts

3-2.5-1,5-2､5-2-R.２-Wpoints,bandsaroundl63()cm'｡

l３６()cm',１３２()Cm｣,８２２cm'、５１()～４００cm､arel

displayed.amongwhichtheformel-4bandsandthc

las Ibandcanbeassignedtovibrat ionsbel ( )n９t()

()xalategroupandCu-OorZn-Ovibrationrespectivcly

(Faner"/:201()ILilnaera/.:２()17,Nevinera/.:２()08１

land５１()cations.thedifferencesofXRDanalvsis

resultsbetweenreferencepointsandpointsadjacent

t()metalcomponentsaresignihcantatthet()pside

andlesspr()n()uncedatthebottomsideFig.４.b

sh()wsthattheXRDspectra()f５-l,5-2.5-2-Rp()ints

c()uldhardlybedistinguishedllllheNo.６１()cati()n、

theXRDpatternsofJarositcIKFe3(SO1)2(OH)IJare

signi6cantlyobservedinthespectraofthe３points

3６



InthespectraofpointsaffectedwithJarosite
- lcontent(6-l,6-2,6-3),thebandsaroundll９0cm｣,

１０８８cm',１０１０cm',６６０cm '̅,６３０cm '̅,４５０cm '̅and-ｌ

bandaround５10cm̅'aredisplayed,amongwhich

thefOrmer７bandsandthelastbandcanbeassigned

tov ibrat ionsbe longstosu l fategroupandFe-O

vibrationrespectively(Sernaera/.:1986).

Although,noadditionalinorganiccompoundsare

confirmedinthesamplesof３-lpoint,s ignif icant

differentfeaturesofXRDandFTIRspectracouldbe

observedincomparisonwiththereferencepoint3-R

TheXRDspectrumof3-lpointpresentsmoregentle

peaksaroundl5～1７｡(Fig.4.a).TheFTIRspectrum

of3-lpointpresentsignificantdifferentshapesof
-ｌ

bandsfroml７６0～１５３０cm̅',moregentleand

broaderbandsaroundl4５２cm',１４２３cm',１２０３cm',-１

１１０５cm',１０５３cm̅!(Fig.5.a).Thedifferencesof

Spec t r a imp l y somed iffe r enceso f chem i ca l

structuresbetweenthe３-1pointandthe３-Rpoint.

withbrightertones.Thisimpliestheparticlesare

mainlycomposedofelementswithhigheraverage

atomicnumbersthanwoodtissues.Intheimagesof

No.61ocation,particlesaredistributedalongthe

para l l e l c rev i cesonce l lwa l l sandaroundthe
borderedpits.Mostofthecrevicespresentsteep

anglesandcrossthroughpitareas(Fig.5.d).

InthecaseofNo.4and51ocations,6neparticles

areobservedinpoints,inwhichexistencesofzinc

oxalatecompoundsareconfirmedbyXRDandFTIR

analysis.Whilecomparedwiththeindistinguishable

XRDspectraofwhiteningpointsatthetopside(4-l,

5-1)andpointsatthebottomside(4-2,4-2-R5-2,5-2-

R),significantdifferencescouldbefiguredoutby

BSEimages(Fig.5.b).IntheBSEimageof5-1point,

rosette-likeaggregationparticleswithlargersizes

thanwhichofthe5-2and5-2-Rpointscouldbe

recognized(Fig.5.e).

Thequantitativedistributionsofzincelementin

areaadjacenttoCu-Znmetal(No.1,3,4,51ocation),

copperelementinareaadjacenttocoppernails(No.２

location),iron,potassiumandsulfurelementsinarea

adjacentto i ronna i l s (No .61ocat ion)confirm

coincidencesofcorrespondingmetalelementswith

theparticles.Accordingly,theobservedparticles

maybecomposedoftheinorganicmetalcompounds

thatareconfirmedinXRDandFTIRanalysis(e.g.

metaloxalates,Jarosite).

S .SSEMObserva t ionandEPMAAna lys i s

Accord ingtotheresu l t sofXRDana lys i s , the

d i s t r i b u t i o n o f Z n , C u , F e , K , S e l emen t swe r e

focusedon.TheBSEimagesandEPMAmapsofthe

No.3,5Iocationsand2-W,6-1,6-2,6-3pointsastypical

examplesareshowninFig.6.

BSEimagesofmostreferencepointspresent

Similarcharacteristicsassameaswhichofthe3-R

point.Inthisimage,tracheidswithrelativelyintact

p i tareasofce l lwa l l sarec lear lyobservedwi tha
darkertoneandveryfewfineparticleswithalighter

tone.BSEimageofthewhiteningpOint3-l , inwhich

noinorganiccrystallinecompoundsaredetectedin

XRDandFTIRanalysis,presentsimilarmicroscopic
featuresaswhichofthe3-Rpoint. Inthewhitening

pointswithinorganiccrystallinecontentssuchasthe

pointspresentedinFig.5(3-2,2-W,6-3points,and

pointsoftheNo.51ocation),quantitiesofparticles

areobservedscatteringamongtracheidsofwood

S.41onChromatographyAnalysis

InlocationsadjacenttoCu-Znmetal,theanionions

ofCI,NOj,SO42̅,C2042.andthecationionsofZn2+,

Na+,NH4+,Ca2+arecommonlydetected.Themainly

detectedanionandcationioncontentsofwhitening

pointsandreferencepointsaresummarizedinthe
formofstackedcolumngraph(Fig.6).

ThesourceofdetectedZn2+ioncouldbeattributed

tocorrosionofCu-Znalloycomponents,sourcesof

Ca2+andCI ionmaybethe inorganice lementa l

3７
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Fig .７Th(､s[ackedc() lumngraphsol .anionconten[ :Cl .NO3.SO; .C20;andcat ioncontenl :Zn#Xa.MI ; .Caioncontents in lhe
２ ；

casGofsamplesfromNol.３.４５１ocationwhichareadjaccnttoCu-Znalloycomponents.

constituentsofwoodandaerosolsinsurrounding

env i ronment (A len :2000) .Themosts ign ificant

contentofNa,i()nisdetectedintheNo.３１ocati()n.

C()mparedwith３-Rand３-lpoints,thesignif icant

c()ntentofNa+ionsin３-２pointmaynotbesimply

at t r ibutedto inorgan icconst i tuentsfromwood

E x t e r n a l s o u l℃e s s u c h a s s o l u b l e s a l t s i n t h e

ne ighbor i ngp i l l a r . p l a s te rwa l lmaywor th tobe

considered・Themostsignif icantioncontentsof

NHI+、SO!u.NO3areconfirmedinthesamplesfr()m

exter ior locat ions.especia l lytheNo4and５atthe

exter iorwal l inthev ic in i tyofa irventofafurnace.

Thesourcesof these３ionsmavbeat t r ibutedto

bi()massorfossilfuelcombustion(Beheraer"/.:2013.

Ki１℃hnerer"/.:２()()5).

I n t h eca seo fNo . l l o c a t i o n , t h e s amp l eo f t h e

interiorl-R-Intpointpresenthighercontentofmost

an ionandcat ion ionsthanthe l -Rpo intatexter ior

s ide .exceptNO3ionswh ichmaybebroughtf r ( )m

sLlrr()undingenvir()nment.TheZnu+,C1.,NO:I,S()I』，

C20!2. iOns,whicharerarelydetectedinsamplesoi

the2referencep()ints､aresignificantlyhigherinthe

sampleofl-Wpoint

IntheNo.３１ocat ion ,Zn"andC２０４２ionsare
,)十 ,

de tec ted in the２wh i ten ingpo in ts ,wh i l e the io l l

contentsaresignificantlyhigherinthesampleof３-２

polnt・inwhichzincoxalatedihydrateisconfirmed

bvXRDandFTIRana lvs is .

InthecasesofNo.４and51ocations.theresultsoI

i onchromatographyd i sp laymorepronoun(Jed

character is t icsof thebottoms idepo intsandthe

wh i t en i ngpo i n t so f tops i de . comparedw i t h the

ha rd l yd i s t i ngu i shab l e r e sL l l t so IXRDandFT IR

a n a l v s i s C o n t e n t s o f t h e l n o s t i o n s a r e l n ( ) 1 - e
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dignificantinsamplesoftopsidepoints(4-1,4-1-R,5-1,

5-1-R).Inthesamplesofthetopside,thedominating

ionsinreferencepointsareNH４+,SO42ions,whilein

whiteningpointsareZn2+,Ca2+,C1,NO3･andC２0４２-

ions.Thistendencyisalmostsimilarinthecasesof

thebottOmside,althoughioncontentsaremuchless

thanwhichofthetopside,especiallytheNO3̅ion

Content.Thismayimplyadistributionpreference

thatCl̅,NO３-andC２0４２-ionsseemtopreferto

accumulatearoundmetalcomponentsalongwithZn2+

lowwhitenessdegree(L*valuelowerthan35.0)inthe

caseoftopsidereferencepoints,andlowZn2+,C2042-

ioncontents(around１.００×10-21evel)alongwithhigh

whitenessdegree(L*valuearound５５.０)inthecaseof

bottomsidereferencepoints.Thisimplicatesthatthe

highercontentofZn2+andC２042̅ioncontentswould

notnecessarilyresultinhigherwhitenessdegreeof

wood.

4.Discussion

ion.Theformertwoionsaregeneral lyconsidered

couldacceleratecorrosionofmetalcomponents

(Velevaera/. :2003,Edwardsera/. :1994),andthe

lateronemayoriginatefromwoodstructurechemical

Components.

6incezincoxalatecompoundsareidenti6edinthese
whiteningpointsadjacenttoCu-Znalloycomponent,
therelatedZn2̅,C２042̅ionsarediscussedwiththe
whitenessdegreeL*values.TheZn２+,C２042-ion
contentsareplottedversustheL*valuesrespectively,

I n t h i s i n ve s t i g a t i on fo r t heO l d lwasak i - k e

Suehiro-betteiVi l la ,thescientificinvestigation

confirmsthevarioussurfacefeaturesofwoodwith

similarwhiteningphenomenonaffectedbydifferent

typesofmetal.Exceptthe3-lpointwhichpresent

nonnoticeablemetalcontentanddifferentspectral

featuresfOrXRDandFTIRanalysis,higherL*value

(47.0～62.0)andpresencesofdifferentinorganic
compoundsareconfirmedinmostofinvestigated

whiteningpoints,nomatterwherethelocationsand

whatthefunctionsofthewoodcomponentsare:

Jarosite[KFe3(SO4)2(OH)6]inthevicinityofironnails,
zincoxalatedihydrate(ZnC204･2H20)inthevicinity

ofCu-Znalloycomponents,moolooite(CuC204･xH20)

inthevicinityofcoppernails.AccumulationofZn2+

andC2042̅ioncontentsareevidencedinthewood

ad j aC e n t t oCu - Z n a l l o y c ompon e n t s b y i o n

c h r oma t o g r a p h y a n a l y s i s . T h eSEM - EPMA

Usingalogarithmicscaleforioncontents(Fig.8).Most
Oft&s,･tsbel･ngtowhiteningpointsare1ocatedip
Upperrigh(ha'f｡ithetw｡gra%,hichrepresen[
thesignificantZn２+,C2042.ioncontentsinthe

whiteningpointswithhigherwhitenessdegree.

However,thespotsbelongtoreferencepoints(black

spots)oftheNo.４and51ocationspresenthighZn2+,

C2042ioncontents(aroundl.００×lOolevel)alongwith
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obse r v a t i ( ) n imp l i c a t e s t hee x i s t i ng s t a t u so f

in()rganiccompoLIndslnaybefineparticlesamong

w()()dtissues｡s()metimesacc()mpaniedwithcrevices

()nthecellwalls()fwood.Theref()re.itcoLlldpr()pose

thatthewhiteningphenomenonofwoodadjacentto

meta lmayre latetothechemica lchangesofwood

structurechemicalcomponentsandformationof

certainin()rganiccompoundsinwoodtissues.

４.１Whiten ingphenomenonadjacentto i ron

nails

IntheNo６1ocationadjacenttoironnai ls .the

Jar()siteIKFe;(SO!)2(OH)6]isdetectedinwhitening

w()()dJar()siteisawidespreadmineralbelongsI()the

alunitegroup.ltsoCcurrenceiscommonlyattributed

t()aque()us,acidic,andoxidizingsullateenvir()nment.

()ractivi[ iesofiron-oxidizingbacteria.Bibietal .

reportedacaseofcoexistenceofAkaganeiteand

Jarositeandindicatedthattheenvironmentwithhigh
l e v e l o f C l . SO I J a n d l owpHcou l d l e a d t o t h e

f()rmatiolIofAkaganeiteanditstransformationto

Jarosite(DaoudandKaramanev:２()()6.Iohnston:1977.

BibierEM:２()１１.Zameler"/:２０１７)Theexact

f()rmati()nmechanismofJarositeinthiscaseneeds

furtherc()nlirmati()n.

l･xl9,il,1ff簡叩TX(ﾙｌと５が位fiするｊｉ膿の外砿。
Fig.９ThCexterio'･sid(､()I1heMainh()LIs(J,inwhich(h(､N().４

１ ー １ ． 、

ａｎｄｋ）ｌｏｃａｔｌ()ｎｓａｒｃｌｏｃａｌｅｄ．

oxalatedihvdrateand443×lO11'forcopperoxalate

(EngineeringToolBox:2017).ThismaybeaplaLIsible
explanationofthedetectedzinc()xalatesandc()pper

oxalatesinwoodadjacenttometalcomponents.

Howevel-、n()necessaryrelationshipcouldbe

observedbetweenZn2+.C20,2andwhitenessdegree

ofw()odinthisinvestigation.Inthecasethetopside

p()in(softheN().４and51ocati()11s,theSEM-EPMA
observat ionconfi l -msthed ifferencesbetween

whiteningpointsadjacenttometalandreferel lce

points.whichisthepresenceandabsenceoftheline

particlesamongwoodtissuesltcoLlldbespeculated
thathowthe ionstransformintofinepart ic lesof

metaloxalatecompoundnaybecrucialprocessin

theoccurrencesofwhiteningphenomenonWhileill

[hecaseofbottomside.thepointsadjacenttometal

andreferencepointspresentinsignihcantdifferences

assimilarwhitenessdegree.finerparticlesam()ng

woodtissues・andhighelementalcontentsdetected

bvXRFanalvsiswhilelowionc()ntent.

ThesurroLIndingenvironment()fthetopsideand

bott()msideofNo.４and５１ocati()nsmayprovide

4 . 2 W h i t e n i n g p h e n o m e n o n a d j a c e n t t o

copper/Cu-Znalloycomponents

Inthf､othel-51ocationswhichadjacenttocopper/

CLI-Znalloycomponents,theexistencesoflnetal

()xalatecompoundsareconfirmedbyXRD.FTIR

analysisinmostcases.

Oxalicacid(OA)isthesimplestdicarboxylicacid

andstr()ngmetalchelator.TheexistenceofOAin

woodinHuencedbymetalcoLlldleadtoprecipitations

()finsolLlblemetaloxalatecrvstals､andultimatelv

resultinwhiteningcoIorchangesofwood.TheKsp

s()lubilitvconstantsat25℃are１.３８×1０!!fo,-zinC
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someclues .AsshownintheFig .9 , theexistenceof

eaveontheexter iors idemayshe l ter thetops ide

fromsomeexternalaffectingfactors,e.g.rainfallsand

sunsh i n e , t o someex t en t . I n t h e r e l a t i v e l ywe l l

Shelteredtopsidelocations,relativelyhighmoisture

Contentsinwoodinthevicinityofmetalcomponents
maylikelytohappeneventhroughtheselocations

wouldlessbedirect lyaffectedbyrainfal ls ,s ince

metalscanactasacoolingmedium(木村era/.:1987).

Thedifferentmoisturecontentsinwoodmaybea

worthdiscussingfactortoexplainthepresenceand

absenceofthefineoxalatecompoundpart ic les

amongwoodtissuesadjacentanddistanttometal

Components.Besides,SEMimagesofparticleswith
largersizes(Fig.6.e)andgreatcontentofC2042̅ionin

samplesfromtopsideoftheNo.4and51ocations

(Fig.7)seemtoimplythat,therelativelystableand

unaffectedsituationundershelteroftheeavemay

providesuitableconditionsforaccumulationofZn2+
andC2042̅ions,formationaswellasthegrowthof

oxalatecompoundparticles.

Incontrast,thelessshelteredbottomsidewould

l i kemoreread i l ybeaffected .As theresu l t , the

solublecontents,suchasmetalandoxalateions,

wouldbespreadandlatterlyprecipitatedasinsoluble

finerpart ic les in largerregionssurroundingthe

me ta l componen t s , o r r emoved f romwoodby

rainfallsOn[h"the[handbesidoof[ho
Precipitationofmetaloxalateparticles,theaffection
fromsunshineinthewhitemngcolorchangeofwood

shouldnotbeoverlooked.Sincethenaturalradiation

l ikesunshineisacknowledgedaffectingfactorin

bleachinganddiscolorationofwood(山本era/.:2007).

catalysedreaCtionsintheprocessofphotorespiratory

activity(Franceschi:1987).Inwoodattackedbywood

rotfungi,agreatcontentofOAcouldbeoriginated

bysomeenzymescatalyzeddegradation(Clausener

a/.:2000,Makelaera/.:2002).Untilnow,noactivities

ofmicroorganismhasbeenconfirmedinthisstudy,

andtheresultsoflCanalysispresentcoexistences

Zn2+andC2042.ionswithhighercontentinsamples

fromwoodadjacenttoCu-Znal loycomponents.

Somestudiesindicatedthatacertainamountofzinc

saltscouldaffectthethermaldegradationofcellulose

andreducetheoccurrencetemperatureofthemain

pyrolysis(WilliamsandHorne:1994).Althoughthere
isnostudyhaveevidencedthecorrelationbetween

theformationofOAandZn2+ion,OAincel lu lose

exposedtoFenton'sreagent,e.g.ironandcopper,

hasbeenconfirmed .TheSwed ish l7 thcentury

w a r s h i p V a s a i s o n e o f t h em o s t i m p o r t a n t

archaeoIogicalmarinewaterloggedwoodartifactsin

theworld.Afteraseriesconservationtreatments

s incethesa lvage in l961 ,andpreservat ion ina

controlledmuseumenvironment(19｡C,RH55%and

dampedlight),highacidityofthetimbersduetothe

presenceoforganicacids, includedOA,hasbeen

confirmedinrecentyears.TheoriginationofOAin

thiscasehasbeenattributedtoFecompoundsfrom

mar inesent imentsandcorros ionobjectsthat

extensivelyspreadintimbers.Inrecentstudiesof

modelexperimentsonrecentoakimpregnatedwith

Fe(II),ithasbeencon6rmedcorrelationsamongO2

consumption,degradationofhemicellulosesfraction,

reductionoftensilestrengthandformationofOA

andCO2(Norbakhshera/. :2014,AlmkviStera/. :

2016 ) .Accord ing to th i s , t heoxa l a tecon ten t

confirmedinthisinvestigationispossiblebeascribed

tometalcontentparticipateddegradationofwood

structurechemicalcomponents.

Moreover,theOAhasmultiplepropertiesasacid

(pKal=1.25),promotorofFentontypeoxidat ive

4 .SOxa l a te i nwood

Oxalatecompoundsnormallyexistinplantsand

woodintheformoffreeacid,solublesaltandsolid

calc iumoxalatecrystal(Haaraera/. :2014).The

formationofOAinplantsisattributedtoenzyme-
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degradationofcel lulose,strongmetalchelatorto

inhibitFentonreactionsandleadtoprecipitationof

oxalatecompoundsinwood(Tanakaeia/:1994).

Therefore,theexactrolesofoxalatecompoundsin

theoccurrenceandthedevelopmentofthewhitening

phenomenonofwoodarenecessarytobestudied
morecomprehensivelyinfutureresearches.

5.Conclusion

Thisinvestigationisapreliminarystudytoarouse

concernsaboutthewhiteningphenomenonofwood

adjacenttometalcomponent,ontheviewpointof

surfacefeatures inthecaseofwoodencu l tura l

p r ope r t i e s . B a sedon r e su l t s o f t h e sc i e n t i fi c

investigation,structuralchangeofwoodstructure

chemicalcomponentsandespeciallythefOrmationof

certainadditionalinorganiccompoundsareconnected

withtheoccurrencesofthewhiteningphenomenon

ofwoodadjacenttometalcomponents.

M o r e e x t e n s i v e c a s e s o f w o o d e n c u l t u r a l

propertiesshouldbeinvestigatedtoevidencethe
discoveriesofthisstudy.Besides,theexactfOrmation

mechanismoftheinorganiccompoundshavenot

beenspec ified ,and i t i snotc learhowwou ld the

inorgan iccompoundsaffecttheco Ior , in terna l

properties,durabilityandvaluesofwoodencultural

propert ies.Therefore,ontheviewofprevent ive
conservation,furtherstudiesaboutl)thecorrelation

shipbetweenformationofinorganiccompoundsand

occurrenceofwhiteningphenomenonofwood;２)the

mechan ica lproper t iesofwoodwi thwh i ten ing

phenomenon;３)targetedandefficientconservation

strategies ;areessent ia l torea l i zethe longterm

preservation.
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4 . 4 P r e c i p i t a t i o n o fi n o r g a n i c c om p o u n d

part ic lesamongwoodtissues
Theexistingstatusofinorganicmetalcompounds,

suchasJarositeandmetaloxalatesareconfirmedas

particlesamongwoodtissuesandaccumulatedinpit
areasofcel lwal lbySEM-EPMAobservation.The

pitsofwoodcellareconductionofwaterandfood
suppliesbetweencontiguouscells.Inadjacentcellsof

softwood,2complementarypitswithboardsandthe

pitmembraneconstitutetheboardedpitwhichhasa
largecavitycalledpitchamber.Thepitmembrane

o fboa rdedp i t s i s cons i s t o fm i c r ofib r i l s a nd

permeabletoliquids.Themembranemayprevent
migrationofparticlestoadjacentcellsthroughthe

pits.Andthepitchambersmayprovideaspaceto

accumulatetheparticles.

Thecrev i cescross th roughp i ta reas inSEM

imagesofsamplesfromtheNo.61ocationimplicate

that ,1)thesteepanglesofparal le lcrevicesmay

havesomeconnect ionswi ththeor ientat ionof

cel lu losemicrofibri lsoftheS2secondarywal lof

woodcellwall(古野・澤辺:1997);2)theconnection

ofaccumulatingparticlesandtheoccurrenceof

micro-cracksorcrevicesoncellwalls.
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歴史的建造物における金属周辺木材の白色化現象：旧岩崎
家末廣別邸を対象に

周怡杉 l ) . 松井敏也2）
〒305-8574茨城県つくば市天王台l- l - l
茨城県つくば市天王台 l - l - l

1）筑波大学人間総合科学研究科
2）筑波大学芸術系〒305-8574

金具の周辺に発生する木材の白色化現象は日本歴史的建造物の場合に普遍的に見られる。本研究

は旧岩崎家末廣別邸（日本国千葉県富里市）を対象にして、銅製とCu-Zn合金製金具、鉄釘の周辺

に見られる白色化木材に対する分析調査を行った。金具周辺にある木材の白色化現象に対するXRF

分析と色度調査により、金属元素に帰属する信号とＬ窯値（白色度）が顕著であることを確認し、
SEM-EPMAおよびXRDとFTIR分析により、白色化現象の見られる木材は二種類の特徴を表すこ

とが判明した。その一つは木材組織に微粒子が付着しないが、金具と離れる参考箇所と比較するこ

とでXRDとFTIRスペクトルの違いがあることを確認し、木材化学組成の変化が発生することを推

察した。もう一種類の白色化現象においては、木材組織に付着した粒子を観察し、同定を行ったと
ころ、鉄釘の周辺にジヤロサイト[Jarosite:KFe3(SO4)2(OH)6]、銅製金具の周辺に水和シユウ酸銅

(MooIooite:CuC204.xH20)、Cu-Zn製全共の周辺にシユウ酸亜鉛二水和物(Zincoxalatedihydrate:
ZnC20,･2H20)が存在することが明らかとなった。また、主屋の外壁のCu-Zn製金具周辺の木材に対

する調査により、屋根下に地面から250cm地点にある調査箇所に、より大きなロゼット形態を持つ

付着粒子を観察した。さらに、顕著な金属イオンとシュウ酸イオンが検出された。それらのイオン
は金具周辺の木材における付着粒子の生成と成長、および白色化現象の発生と関わると考察した。
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