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Abstract

W ood sudaces tre ated with
t~e~~avaIent CflvOrn urn (Ct~~)compounds he v enhanced r 1,sfanc•
to natural eeeth nng pfop.Ires Th
p.rto,m.n~. ot p ints and sta ins
applied to th sa trea ted wood Surf aces
3 grea r~ improv ed D.gt~~ of

protection provided ‘s dir ecfly relat•d to
Cr L-Oncent,ar,on tot Chf O rf l ,~ tn
t ’ ( * ~~ solutions (CrO~ Ch~c,rn, ( acid)
A 4 8 p f  Cent Cr0 3 SOlution IS molt
•tVec i~~• a? ?t* or.Qrnal pM otO
S~.t95Li tfS4ftI ’t.nf 14 1?) Cr01 rlduc.s
dimensi onal c ?)ang s Ni wood .xpos.d
to ..a ’. Fr.. watt upfai e of CfOr
treated wOOd is ip~ ‘eased to mar

‘ i~&’ aPte: trea tment witP a water
,,p~~ienf This dsc’.ase in h’•• watt

uptake 5 )und ~~r tr..I. d ttat-grasn,ci
and ~~~ al grasned wr?acs 3 bu? not toi
end-grain wood ifl l ’& a?~ng f ’ .?
.i~’ $ ary uptake stdl C*fl Occur 4 ate,

rep.4 r. ,c~ wI$ ObltVed “~ oom weter•
r’~r~ i,r1,on and watt-apr a

aspen m n13 Prshminary s?~idies on
Cr0 rt ?~~ t*d wood 3uiiac.~ using
e. iictrofl ~.‘i. ;troscopy for Ch.m.cai
• a ’ I % ~~ $ h 1 4  thit C(~ IS reduced to
Cr- at conC ” trat,on$ of ~ 25p.r~~ nr
c tii-cj m,um T1, reduction undoubted!~pa  ~s i  roi sri me Pillion oVCr•~ on ~~Surfa(.
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1.’afly benefici*i p’ ~~r.’• o’. ~~~~ be ~ uf .~rtail,. StuIj ies h a i  -f been (~ e*ample 4 8 pci CrO~ would~~~~~~~~~ ,•
~~ • f ’e~~m,.~ ’ •.~ -“ -rm~~ fri -~ • “-f~~ ’- 2 ~ p~ chromsu~ ) Composition* ..‘ .i•~ .0.~ ..

~~ ~‘~~~t~Of~s • •‘!f.i • UA- .~~~ S1L~OC aDO.. ’ the ‘~~IPCh•~~.S”~~ ~ mi.e.(j pp~-~ anØ Chromi ,~”-‘~“~janic Ct~,msC5ti ;~~ ‘Ch ’~ ~ . s ‘~~~~.)“s~b1e I ‘ i’ ‘mp .o-r ,.~”s t a’~ ’s. r ri f her*afteq called copperc .n~~ng o.av&~ ‘ ‘~~ium •
~~) ObServed in ¶“p ~ e’1~~~~ a~ .‘~~t ~()  

~ c h r n ~~ii ’.”. for convenience) are shownare esp.c a , efte~ ’~~. ( ~~~‘. ~‘ 1,~~) tre~~!.’. f  ~ ~~~~~~ s rt ac~~ n table The ratio oI copper toA~~ ng ‘~~e b~.’~~’ cia p’ pi” s~s Thi $ g ’ r , inve.hgated f~o .r ’ ,“ c~rom~~~ in “ocr’ Compound.~~ t’~~ i” .’~~~~ *r~ “s’ ‘ f t  A *e~ ther,ng “-~~s’~~ ci~ 
- ‘  WOOd$ ’e~~i..~ cOt’s S~~,”~~s IC’ r~~t~~~ %hC’wfl fl-~~P~~r (I) F ‘ anc.d ~~~~~~ ~~ f e’s’ trpCted A aqueous ,OrL~f~~ 4 — . ‘C’O, ~~~~~~~~~ IS *c’~ 5~ ”.3r q •  f ’0 io ’~?s“af ,~~,j Our-i ~~ . 4 0.4 ” “ ‘~~~~ - ‘ -.o~~ç $5 *P~ $5 ~ ‘14 ~~~~~~~~~~ cot  l,n s’—o% Th~.; they ~~‘i’ of ~~~~ ~~o’o l~~

.4. *~~‘ ~“ ;‘~~ i~i ’ and ~~~~~~~~~~~~~ ~~~~~~~~~~~ these treat~~ S~~’ 3 ~~14S compar ative p 5rP05e50’osiof~~i. ‘~5~~f.f~3 - 
~~~~ ‘ .~ If .3~~~~O’.• stasn.ng or bleeding - “ (COncCntr~ t~~n~ pM tre•tment -’.~”~~“~~S Of ,  *~~id e.”.i • 

~~~ “ rough “‘~‘; ai .j ’e were investigated a. *0 Treatment Methoda~e • pa - ‘~ as Serversl *000 spec oc ‘ .‘ ‘ •.
• I •~~~~p’ . ’~~~~~~~~~~~~ in du’~~r - ‘, ‘ ~‘p- cf~~’— ‘O p,Lon( i and dimenSionalon ~~~~~~~~~ wood (31’ stab. ’ :.~ 0 mp~ ~~, rig surt $ce 

(‘hem cll solutions wer e applied t i~4( R duCt,øn c~1 cA0t, 4~.,~ b. A -i” ii pa ‘ - ‘~‘~50cc aPiei Cr0, f ’s  af”- enf *o’~ ~~~~~~ ~~~ ~~~ t~ ‘ mo’s ( , r  or by.3” .n~ r~~ se~j  .4-ate, repel,.. - 
~~, ,21 

~~~~~~~~~ ~~~fo along ~~~ “- Some bru~~ ~~~~~~~ ~~~ 
.
~~ ~~~~~~ determined(5) Imparta~.jn 0? ’  i ‘~~; ; fi ” . e •j p n  

~~~~~~ ~~~~~~~~~~~~~ • thO .30 Of t i  weighing before and alit°‘~~ wood surtaca a” 1’ Su”.i o C v •  oar’ .’ .4 
~~~~ surfaco .i;ing “ i’ i~

. sti appiic.a t ion was a a rate nt 0co-i ’ ;c 2) ec’ S rOSCCJP, ~0r Chø~’~cai nilI-td,ter of IOI.ji o~ per I- 4f’ sQuare•‘,~ 10 mar~ Cr ’ ron!9.n,nQ Anitys.s I SCA o1hriiQu~ (5150 o”imete, ~ f wood su’t• ~ S”a’CO~~~~ ,”.I; are ber ’ &  
~l in Impi v.ng desc’ ~~ -i ac Auger F 0 

~‘ 
~~~~~~~~~~~~~~~~~ ~, . accelerated Pspo$ureç 

~~~~~ C”OPtt’aa (~P A Ofl , trogc~ip~ and X-Ray Photoet.ctron mere treated by ar ‘ a lp h. pipetling t hec tirO m~ m”  )*lOe r f ’ ~~ ~*len cal~ao SPectroscopy) 
~er~ui’ed smou- ’ of cPie’~’ a c0u~Onc0r~~~~,c an”,,oo. oi Chror”-*C I 0 
~flffl ¶~~p wo~~~ ~~rf~~~ ~t the same rateA”  fl aQueous sok~ - , - )  N~~5 been

Shown ?p be • ‘ e t  on the * od c~~f ace
~~~~ ‘eat ”~ ~~~~~~~~~~~ (9)  Ti-~5 • •~~ ‘ XPS’rpmefl

•~ up c especiaTty ‘fiportant ; r c  
~ ~~~~~ ‘ w 14 b~~~~~1~~s 04Cr compoun(J, $re ~ i i  Cr 0, v ~~~~~~ 

~~
, 
~~~~~~~~- ott. ‘c ‘~ ~~~~~~ Compono’-’ c and Treating Chemicals u- s w’dPww S.tao. a-- ’ ‘~~D.,.f Ma.“en s born f’sed and Chern.ca 

~ LaOaSp ~ ‘~~~~~ O ~~~~~~~~~~~~reduced fr the *5; ‘~a.zar 1.- i c”  -, . 3’ 0’ - •  
- — •  

~~~~~~~ .•~~- ‘~~-.t~state Cr-  ‘). this P’ ’( *5; makes C,0, A - f’c~af ‘ ••g SOt if on; *are prepare-a
~
•••5~’~~.C *55 ROt”iIl 0 O.3’l*r.i tO’ .. ‘ ‘~‘ Ileij wife, and 0’0~0V U S P 05 *a~~a..-- ’ a’ ,3,Sm A-. ~~~~~~~~~~~~ a3~*r,’~1 Su’ta C $  Reagent ,‘a- fn  charn.c~~ “aTrip o ’~ ~~~~~ ~ C~O t’ø$fm.- ’ ‘c~r Concentration, were chosen which
“ r- i~~ r~q fr~pr$ Iur ’3 “ properties -,f 

~~~~~~~~~~~~~~~~~ t O  ~~~~~ 1 25 2 5  and c 0 
~)fl5 4a ’b’,44~ ~~~~~~~~~~wood “4; bean demOnStrated (2. 3 perce” “rom urpi in 5O’i,? r’ ” es C.r ’ *-.~~~‘,. ~~~~~~~~ -
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Wood Sp.cimens ., • -
~~~ • a • . -... a - ‘ 0”,~5 5

8 ” .. a .- .-n.’ 3.’ 75 ‘

Ves t s ,, a e~ hea, * ~od ,n.% SI a ’*d 1 5 30
spec -“ or ’s - - , the lo li.’ A -“~~ . 4 , 4  .., • a” , a- .,S’ -,•’,,
“P” ~ S A”~ uSed t n t ’  5 stutiy Do ~~~~‘ a ’ . ’ 3 75
.,oSts’r ” f ed.c.dar (Th uja phca!a Oonn)
IflC ‘p.1* ood (S.guo a oem p.’, - ‘i’ - ; 0

-- -~~ ~f ,‘a “i’.t anti Cto u’ Finishes
— “  ‘ -on specimens -~ ponderose o ne
Pin~ s p’On(la’ ,— s.ii , . i ’  Pon-t i” - ca)

SiIPA . 1  A”,’ used ‘ A•3” f P4CkUP T ’- .’ , ‘ - ‘rance ~ ! l-” rshes applied
- ‘ - ~s, Specimen ’. :.- . and 

~~~~, ~~~~~~~~~~~ * - ,. r surfaces was- s are ~~
‘- 

~~~
- r LID ’- 2 A e-val ult c ’ d asa  fun Ct - ”i ot c hr -’” ,umSpec,I’- ”- s were rt ” ,l- ’ion.d .t’ 65 conc~’ - ‘ -i ’ • a r t  SOurCe by usingpercent “ .1 ’ .0 hu” ti , (AHI a-nd 

“
-“~~~~~ -‘ , l ’oL ,l’ot oil-base and late;2 ‘ ‘ C  to, at east I *ee’ ~~ -‘e “i’-~ ’ • - 

base c ’a- ’-c Compos -“c were a;

Accelerated Weathering Oil Stain
Corn ~~~~~~~~~~~ Percent by weight

600
All specimen, o’ acce ~esatasi V ‘— oral SP~It5 28 5

As” .’ eipooed to a 6500- f “ - ~~~~‘- iron oside P ~~“~~~‘ !  (50 ~~ ci - 1 ;  10 i
wa tt •- i” - - ”  arc ~~°! SOurce *h Ch • •i 1 ’  *$5 1 2
C -c.’ , ap oi 1t~ates - 3’ ‘4 Sunlight lates c ’4 - f l
spectrum ‘fl “‘e , ~ f - i ’  and ,I’a-. - s” Corn ; - - o” - PO r c  003 by weightregions) n a -  enclosed chamber at 45 - Ac~ ,-- C -at.’. resin (50 pct c - d o )  250• 50 C F ~posu’e to “ “s ‘ a d - a t - c ’- Fl ’ - ~~~‘

- iron ox ide ~~q”-~r”~f (SO p ‘ sotidol 125
a ta rn ated A “ .3 cpr$y ~ c ’ ad *4”'’ .‘i -i ’s’ ’ 62 ~at .3’~’t ~ .‘l’lt t0mp~~ r . 3 t irø; A ‘~ ‘~~0

The tr’ ,~’o.. - !  w ater ro t s~ 5~’oft One A” I’ i ‘ accelerated
*aat” ering # r - r c - c ? a d  ‘ seven ,‘4 1’our *000 SurfaCis t reated w ith Cr”
r - c a ’s  Each r5 - a - - - c cli’ ‘ 14 hoofS compounds was comp ared to e
)c cl ;I “ *~ t.’ spray c?a’-dard water repelIent(~~~ ) -~~ “-a

-q ”~ Esposure ’ ‘~,ac are -o* - q Composition
c-cs, 0~~P~ø’ *5 ‘~~!a t 4 c  C” as Water repellent

hOurS —“ hght Erosion ~ weathered Cocnpor’ar-~ Percent by wecghtwood ASs ‘vle asl l r ed - 5- ’ c~ INS’ p~ -~ j rp rh$fl C esterior yarni h (50 pci c — ’ - ts 20 0ter’P’ o ’que 4,-i specimen 54’-or? - r’  Paraff in we. 1 0described iarl *’ (t9) ‘ Y-r ’~ ,~ l cp ’ ‘c 790
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Water Pickup Electron Sp.ctroscopy For Subserluent reduction of the Cr ” T he-

Chemical Analysis (ESCA) ~f success’~ 6hOuld

Cr ’~~on the ! ‘oat ~ i *c ic ic l  s j r 1 .ic I’Th, r on,!,, ’ r ’ ,‘~ i. ’ : i f ’ f i c ~~ - - ‘ Cr0 ,- -

t reat~’~1 *ood Surf .*i os was investi gated Tho ~SCA t e - h -  i~~~.’ has b.’s-” - ‘,t i c i ~~ l

USifl ~,r-..’r.ll b c  Irniques St*n,iarj !n b’- usetul in the surface analysis ot
‘, .4~~’ i~ rn.’t,~r cross ~~~~ !- ons(14 of papor and A , - . - - 1  t b., (SI f - s e uni~~ ,’
p000erosa p110 were t ,•j!.~-.t *ith 4 ~~ 

‘ - -  - bot’ ‘- it li’o cf,,.f , of electronic u us. o
percent Cr0, SolutiOn (30 s.c ‘d’ .o f - n- ,ir-d mO,*cuta ’ bonding and
“~ ‘144f 5*~ f l) Add t b ” ,.- ~.*e ’dom,teq also ’ - -  the 5 i ’!Jc 5’ 3fl4 VS -S Of solidS In
specimens A . ’ r~ Cut !‘ i”) ll ,~f -grained Si. A a s iod specimen placed on a Protection Against
porjsn nsa pine-tab le .’ and .‘~i~ .’c mi.— , -! in a high .e. urn is i’radiated W•at h• ring
COf.’ 5.’d r’d A - IP* ~‘ - ~ee Co*t~ - - ‘ A tb ~ ‘ ,.~ 11010115 Some - ‘

al:~ rn nu.~- p- ~~
‘ri,,,,t,’ ,’ ~~rn.sh (‘ to photons cou ld.’ e4*s! cIl e -Ih ,nnef

~~~~~ as *r’i,’ !ti0,3 treated A t ~ 4 8 shell r’ s’ ~~ . -n~ i t  atoms in the Aqueous c~ - bOth oontain ng Cr’~,
peri.on! Cr 0 co-uton by brush or cp ’i ‘i’en (In our Stui:I4S tti o s’-oc !‘on s when applied to A .~ .i c , ’ ,n os p n c - . ~de
‘-“s’tsion .%,i!r’r l-~CkuP by ‘.p’~i, w as ,) t Intefes’ wi’ ” the 2p- electrons - a 1,’~ ’oe of proti’ ‘ - - n  agai nst

ifl veS~ig$tad on h*t ,
~‘ ,ii’iO,f ,i’ - -t 1. - ‘ .500 C’ ’  on the ‘ ‘‘ ‘ .i ’’- .41)00 u ltrIviolet (LIV) - ‘i~’aita! e’ ~i , 7).

,p” !-caj - ~;‘.iir- -ed ‘,
~~

-.‘ - in~i
-’ri S - - ‘ ‘,,n’,ii t ’ Afte r ,)hoton impact i’loc !‘ c~fl5 Ac c elerated .4s ’ .* ” •- ‘  ng data ‘ if

pOnc1~ s ns ,i pine and *,‘s’ “- redce-da’ leave !~~~t i ’ )ms *-t !’ a kinet ic .nerg~ A.’sts .0 redcpd$r s ,f’ ‘rons tig 1)
1,4~ ‘S tu’s’  P-C’ -~~~ ‘ t~ esposure t - - eguli to !‘-at of the p” o!Ofl minu s the s u rf ac~ -t re ate0 c-I’- ‘ ~ ‘- Cr” ‘
increased RH A IS - -  , .“ - ‘ tQilte ’J on ii i! bit ’ ting energy *h’c I’ held ” o eln~ ~‘ “  co - i  - - g compounds show f t -a !  Cr0,
-~‘4n ,’,, and i.’ l’ ;$f .gr$ir n’d specimen, f :’ - !c par”-! atom Thr~ bindin g “ “ 4 ;  acid copper ~,hwm at e and ammon isci l

western reOcedar Compar rsons ‘ i’  ‘s ‘h.’,’ ‘ lQt *‘ , s” , e’n “- - C ~~‘~~ ‘~~ )l copper ch romate s r , ’  highly “ i- ‘a in
$11 s’~~~i~~. A”  macis. tO unt’.’ ,i’,’i ‘~~ ‘~~~ el’~~ent in !~~p persodic ~ it - ,

~ m d  p ’oti’i ‘ Ing *000 against LIV
00 *01 f : A - od ttC mtsmd by -‘imersion ‘ i3 ~‘.‘.,‘.i~~4e to -1.’b” ne A~ de.~~,i - :.i ’ - - ‘ Sirmlar rosut”- es.retøund

“-“r’n”its anti their valr” i. s. state are ~~ ,
~ 
,.‘,Ood ) Of these three i” .’ ‘

Sc” V ~“ “ ~ 5?% 1i t~~g l i &  ,~ ‘ -
~~~) .~s ’ rm ~ pr~”..”i! ri t”s’ specimen by maas .’mn-~ f ’ !”-’~~dc Cr0 , is perhaps the 54’.’s’

p’-” -)rr ’ lPI t us i’i~ standard “i.c’hr ’rg t ; . ’t, “ ‘ - . “ ‘-f gy - ‘ a” ‘f e-ti eI’o ” ons ‘h” b cause hf’at t ’i’ ,i”p”t Of wood
‘ -4 ‘‘) “. - I ”- S;- i , ‘“sIs (3 rep l iCat as~ 

‘ i’ ‘-nigue 15 ~ i” ~~ SefiSib~S’ ‘ ~~~~~~ “ s - t *C” ’ , ‘‘eiit~-0 A 0 th che,-~ ca t: ’~”

A ” O  Condi -- “ nan espos ” COfl st it t ” ‘5 (5) !‘~~ - ‘ ~~ ‘ “ ~~~; - ;:~‘ ,,al ,; : “‘ pasureabli’ Cr ’ ’ - This -s - ‘ ~

“,s ” f: - io c - ” cos - ’ -nuous dictll(. ,t *ater electrons e~iit1ed “ m a gryan or’ !’4s! ¶,  Immon iacal copp er
s ,o’ay Samples - ! ,it - - i ’ 2)  *.“ s ’ ’ pmoyØ,f ‘ “ - “ ‘51 ç 0 ,~ 

- “-a, be a-te r ed Ch,O!1~a!, ~ - ‘ .‘sa”-;--s’ w hera 2 pe~cei ’
“ -rn ‘‘ •‘ C” -’I “-f- -i’’ at ‘“-i - ar - - ‘  fr ’p.’nd-”g on t’ ’~ !~pe - ‘ ““' -‘ so - t - ’ Cr~~ can be remove d w ‘‘ eater
Or s~~t f ” ’ A “ - folds ,iI absorbent - i;-. ’ ’  bond ‘ - ‘ “- ed F ,  ‘ - c  element In ,~~

“ ,,i f- li• ,4f 0 ,.a!’nO’:! 9. A r’ii rr bpr ‘

A “- 4 ’ ” and then ‘otum” I- ’ If-n’ ‘ mi - - f a ble C~ CLl ~” c ’.,ii’CpS th e chem ical oth er A-)od cp.’r i’s were also protec ted
C” -I” bs” Aver age mrs,Stur ,i ;‘-c ;up was sht ’! 11141, Indic-ate thp t ,pe ~t 1-pm:, 4 egai” st u~ degradation - *s’atPiering) b;
iietn”ined for Cr0 trp*t490 ,‘,q bpn ts p- ’eser- ~ on p’ s’ c.,”4c .‘ surfac r’  f rØ44I’ ra” t *ith f ‘ i- c -- ‘IOnS
“i’,i’.’,t ,i’-d unti es ’~’ w ood Small ~l’.” “ ‘‘~~ ~

- ‘ wester ’ “- lcedar ol Cr0, tug 2
Adsn’~- t. on ‘ wa ’ s” ~ ispor *CS As” 5’”  i. i ’ - . ! *0 ’  increasing Sprir~~wood p’osof l  rates If~q western

determined by “~ pos “ 1 ‘si ,m ”- arid Conca ‘-bar ~>r - c c ’  C’O in eater .m ’ ~ ‘4 !s’ re<jced r treated with i.ftere, t
u”!’.’a?ed A Xl spec mans i 3  ‘0 ;  -iC.l”5 - ‘ 0 0 * 8  mIlhil,ter per c’~,j $re Ct.nti”etp’ conc’-’ f ’ i ’ ons - - ‘ Cr0, are shown in
0 e4 hi )rCvr( -c , COPCli!ioflSd .‘ 30 of wood surfac e ’ - ‘  tti:c :“ -  r” ”a n, ‘-gure .1 ‘he degree ot p’ ’t oc!- ~ ”

pets .“ P1-4 ‘ - ‘ pe’ er- ’ l~H At’s” I SCA study Thø ~~~~~ ~. i ’  c wer e a- ’  1’:i’d prc , - :e-d ,‘m44 ric’ tJV degr adation is
F — ’ i s ’” h$d bee” reached samples and hp,ited -n ~n ove n ‘ or IC r ” - ’  “ c ,)t seen ’ f - o  d ‘0 ‘-y related Ii’ Ci” ”

were .i piin e.pii~~ ci ti ’ 30 percs’’ ~~~ ~~~~ C 9 5 ’  u!-Ofl onc stnt’atsons are concentration over thr’ ‘a ’-  4”
u’ ’ll ,o~~u,I’b,iu’1’ was ‘cJChed “ i ‘,‘ c ’ Ill ‘ able 3 aIonq A I” inyp5ti~~,i’.’ Treatment ~~~ ~ 6 percent
ns Pos . j reC,-Ie ’ 90 pen .“t P14 was COflC en t r lit- o nS 0 c hro”-urn on “ -e C~O 0(~0~~~ I “-‘to s pci Cr ” ) c,J ave

“ -s ” repeate’cj f - ’ s ’  ‘plativa wood 5,s”4- s’ ‘eal-Zed ‘rom “ a !i 14 ;- ‘ : - ‘s’ r-t ’ofl f or ~0 weeas n’
‘ .ar “ S  ‘he t rpatr”ants in “fl4l!”0nI S1,i~ .1a, ESC A ‘oi “r’~Q ues accelerated weathering Th is is

‘at ard ing adso ’ ;  ‘On ‘ call” vapor ,a’ ~~ s ” '  employed and a ca—pie F’oa ” d ec~,Ji,aler t to 103 years of outdoor
90 parc”-’ RH as co—p red to ,s 0- Cr . i (~ ,“aca concentration ol Cr , wc*fherrng ( t O l  Fsi. ,i re 3 also shows
u” !’n * ’ °—F Contro ls cac then 04  “--~ 

Cr” ’) was included I! w as that LIV protection is i-’ - ’.- 3s’l1 ont~ hi’ a
Is’ ’”” “ad i --f Cipated that treatment of w ind limited time After this ; — ‘  ‘Is’ I - ‘ -  period

s i ” ac es with Ci” * 1  yield Cr ‘d u e degradation ocr  is’s at the same rate as

Heat Treatment tO 0.id afi on of wood com ponent s and observed for the unt’nated Control

T~~ ip 3 Surlat. a”.~’. 0, f3( *
A l l specimens in t hi s s’udy were 9 -~~f ~~~~~~~~~ cen’~— 

,,—
~~‘- drred si”.” Cr0. tter*b” ” ’ and thpn COfl~._”aiiO,’ C~~~.’,’at- ”- .~*

“ eated in an oven hi’ ‘0  m,nhtp5 at Pr I Mg CM’
135 C s,nce e~~r’p’  ~‘-.dse, ~ s ’ A ”  

C~C~,(C”

that ‘- . a t  or’ ‘Cr ” occu rs under !NSse 2 5  1

cond i os~; s o  S
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So~ut~o~ pH m ets the degree of LIV

/
7 

protection (fig 4) The pH of C’0~sOlUfl Ofl S was varied by addition of
aqueous NH.Oi-l The best protect ion

-‘ 
250 -

• t~WTR(AT(O W(5 7’(RA’ REOCEDAR - -  W*i Provided by the simple Cr0,

~ ~~ 
solutiOn if It S ougi nal pH 010 5
Addition of NH4OH resulted in

A CFO,
0 ACID CC~~ (R CHRO4I4TE - pH o t 2 b a s co mpareti to apH otO5

Impr ovement above the 2 6 velue was+ 4M.VO.i’/ACAL CO~’P(R C~dYO41 foui’nj when NH,OH was added to raise

¼ 0 ~~~~~~~~ 

/
/

/ dec ‘eased weatherin g effectiveness at

the S i l ij IlOri pt-i t o 8 8 Earlier resu lts (2)
- 

- chr om at e Solut iOns were better than
I had show n th at ammoniacal copp er

acid cop r iir , r i ,i(s’ 1 , - u t , ( ii~ tr ir UV
protection In the case of Cr0,.

- h -cp;r’ the most effec t ive treatment is
found when pH ix 0 5 IThe aqueous chemistry of C” is pH
di’ps’c’ds’nt Initial diSsolution of Cr0 m
water takes place according to the

50 -

I
Iollowirig reaction

(;rO • 0 Cr04 + 2 H’
0 - - 

_,
~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ The chromata ion (Cr04 - ) exists at0 2 4 6 8 ‘2 -‘4 high pH As PH is lOwered. dichromate.&‘~‘[5 LR4r(O w(ATN(R/NG (We•Is) hons (Cr ,-O. ‘)form accordinig to ttie

Is - ‘lowIng equilibrium
— Spi.ingwoori •ro-s t~n 01 w~~fec r reciceda, treated *tth ‘iv* Ct• 

~~ rO, ‘ • 2H Cr~O. • HO Ico” pOunds 2 5 c~ ‘~~ 
“ - “  rum)—. csie’ated weathering Th ,~ equilibrium is quite labile Acid

*.f ‘46~~J2i solutions of d ich romate are powerful
oxidizing agents w hil e chr omate ion in
basic SOlut iOn is much less oxidizing It

Iappears as - , nx-dC ! c ’n of wood1 components by Cr0, in water (pH —

0 5) 11 impor tant in the protect ion
A WES TERN RED CEDAR mechanism Since Cr ~ the most

r 

~ r~ ’ ~T T 
____

o REt) WOOD stab le ox idat io n slate o~ chromIum this
o EPIGEL 4IA P~~ SPRXE ion probab l y is formed when Cr” ‘ reacts

- w ith oxi dizable wood components 11*.
* PCWDEROSA ~~~~~ presenc esdC r ’ lpr obably asoxi de, oe

— 
~REA rED A as a complex I would exp lain the green

~~~~~~~~~~ 
rREA TED J coior Observed tot C’ ‘treated wood

A surfaces after several days oi weeks of
exposure

The reaction of C i’  with wood
substance on the su rfac e is

~ 2X — undoubtedt\ comp lex Rapid nindatmon
,“ easily Oxidized wood constituents
could Occur on contact during WhiCh
Cr’° c ould be capsdly ‘educed to Cr ’

0 Additional Cr” would then be
IX adsorbed along w ith add it ional acidic

solvent Variou s complexes n’ Cr”’ (or

stat es) Could form w ’ fh wood
- Cr’ ’ and ‘r’tixr med ate mixed valence

— components duri ng thiS adsorption~ 
The adsorption would minimite the

O 2 4 6 8 ~0 /2  /4 /6 mobil ity i ’ the ions and thus r*duca
ACCELERATED WEA THERING (W,,ks 1 Pie reaction ‘ates However, the

adsorbed ‘or’s are in a thermo-
~ ~s- ’~ 2 —Spn ” ,j wood erosson ‘acc elerated wearl*’rng ot tour wood species dynamically unstable state and the

‘-a’ed a’ - ”' 5 75 perca” Cr0, (3 pcf C’)—daIa ot 9lat~ ansi Ura, (3) reactions must continue in order to
3 ‘ascIi Iti. lowest energy state 1 .acfson

‘ales will undoubtedly depend on

I

I’

____________________________________________________________
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600 r - - - - 1 1 1 - I
rr.siucing agents and pH UV
irr ad ,i’ :on COuld also play a role in t ’ r
mec f’i iirr sm 0

5) ,

P.rformanc~ 01 FlnIsh•s
. oNTREA TED

TM enhanced w eather ing ~~~ “ 
~~ 2i~~~~ Cs’O

perform anc , ~ f Cr “-tr eated wood I 048% C’O,
sur faces Subsequently tinished with (

~) A 96%Cr O,
stains or ~nintS has been described
(2 3 fl IS i  Finish p o ’f ’r r l r , . ’  i’ll ~~~

‘ ‘

,iireci , rciated b C ,  conce nt ra~ - - -

( tat ’-” 4 Thus a .i~ ’~~’i ’- r i prepared ~
F oil-base stain (linseed Oil) performed

best Ov er ‘r.J*oid o’ western red c edar ‘~~~ — //
when t’~c wo od st. ’ 1 ice had been --

treated c !‘- a solution containing S ~ -

per cent chror’r-~ m Similar results were ~ 
-

obServed with a laboratory - prepared ~~, i’,,
~iti ~i SISI r’ Th ‘Inished c ” - - 1 samples

are ‘‘ow” in figure 5 after 120 days of
aC*- c’erated *eathering(2 4~~ ri xenon
arc , -~~ r r !  - ,c ” c ’a’ , C r ” t ,e,atm ents 

, L - - — i
cOrk c- - “ ‘ it ~.i”i’r Ofl redwood “ an o 2 4 6 8 10 12 4 ~F Of~ **‘s tcr ” redcedar A t , ’ S perce’- I C’ 4cC1 i ~~ ?f~ ~j4 rMf ’prn’G ( r1’KsJ
however . per ’- . ’ “ ,ir ’ e -s ssentiai y
•~~~ ,5l r~~ the ~~~~~ SpeCies F igur e -i — S p n ngwood St OSioO (Sc spler~~tc- w.5?h#nng) - - ,  wester n reclcedar

A “-ough add- -t on of NH (as N’4 C)H) ‘~ iited ix r- ’ Ct0~—eltecr 0 COncr”? i”on
‘ . - copper r~romafe solution enhances W 146 ) i4-

rmance i 2i add it .001 N1’4 10
Cr0, ~‘il-..’ ‘ns of ~arying COfl cPr ’ lrat-& n perfor”.’ belier than did acid copper absorption rate -0 the treated wood
gc”evaily resulted in poorer s 4ir, c’ ,i ’i’ Bes t i.r ~iSh perfor~’~arice c ix  Another factor contributing Ii the sIo*
perf ormance after weathering. as obtar -s ’ - l  *-t ’ r hromium con~.ntr at.on wate r uplaxi’ may be the increased
co mpared to $oiu’On$ c 1h~ 1 NH - 0 2  percent ~~ Cr0 , and with Contact angle o~ water e t h  the treated
tab le 4 Th is wax partic ular t’ ui’ St ,j ’nm rfl iacal t sipper chromates These wood surface this is indicated by the

th e f t -  ‘
~~“ 

chror” ium con centra t.on 5 copper Chromat es (in reek? , m-.tures f Spherica l shape assumed by s m Si i
~c t ’  On - - “ c. ’stem recjcedar and Cu’ - and Cr” compounds) are not drops o~ water on the surface of dry .
iedwOod in add-t on, l,achi,’ ,~ - -- i tota uy ‘- i “- On t h e trea t ed wood Cr0 -treated wOod - i Q 6 S,”~ilar
so—uble Chromium ” the ammoniacal su rface and s - ”~n lei.c ‘- hg - - hna~ obs ervat ions he ,’ been reported ‘~
treatvne” s OCCurred ‘h’ough the stain metals ~~ H~~ wa s obs~ ’ ~.‘ i du’~ the copper’chrome.arsenic CCA 1
i” ”’ a s ho rt timS in the exposure Course 01 fh~ accelerated exp osu re ~“pcr” .a!,

-,p treated w Ood ( 13 )
c ’ -a ’D t’er ix “ - “‘c wate r sp’ ,i, portion of experimi-”-- t ’-. Chemical chan ges in the wood
“ e  exposure cyc le £ ar ia ,  studies have Man , of “-e r0~ t reatm ents especiall y rel ative to polar hydroxyl
shown th,~t add ‘ on o’ 1*4 10 Cr0, invest- jated by accelerated weathering 1, nCtlons are also most - -kety involvsd
sol-sJt,ons reduced hi  son 0 Cr ” and t echniques are being evaluated in Coelzee 4 found t hat the rate of
increased Subsequent leaching by outdoor ss.~~-c ,jrp teSt ” 00 Severn’ wood mo’stu re uptake from sod resulting ‘rr
ci” (9) and wood-based c t - ct ’a tr ’ c Results *41 mOIt”is’r’ contents above the level

Th. relat .e performance ~ Cr0~ be reported In future publ.cnt 00$ Crit iCa ~c r  decay was Substantiall y
, i xr S uS ~ aCr ,0, tr~ atm~ ntt 1” sources reduced by t ’ca t - n g co’d samp c~ with

‘C r -h  on wood surfaces was also CCA preservat ive Coetzee , - c..J
* l” estIg. ted The r’isl- .idual compour’ ci Moisture Repellency Of that ttus retardatiOn of moisture uptake

petlormSl’%Ce was compared as w l l  as Cr0 - Treated Wood wa s caused by a layer of Insoluble CCA
c~”~b’na ’ -os with CuSO,, with and s*ltc On th, tr eated c )od cell w5lls thiç
without added NH , The data (table 5) layer results in an increase in the
shO* tha ’ generalH~ C0~ is more Blac k and Mraz (~) observed that the c” ucturing of wate r in contact with the
‘fl*Ct vø than Na rCr ;O’ as the source ~f tangentia l swel l ing in cross ~ec t o n s  Of wood surface
Cr Best performance *-th ,ith. ’ ponderos,m pine ~iipwood in water w as The wa t e r-r.~peIlent ,ft ect ’vene~~chemical w as foun d at a chromium greatly reduced after 10 seconds (W RE) cc  treated wood is determined by
Conciintra!-

~
-
~
’ of 25 percen t Earlier ir,’rnerlion ri acid copper chromate or immersing the wood specimen in water

t s ervn! -005(2) were cOnf’rri~e t  in that Cr0, soiutions )
~ 3 pcI chromium) “his and com paring ft.e results to those to.

ari,’’ir’ - acal copper chroma ’~ was due apparent ly, I ’  a reduc ed water untreated woOd ( 14) The WRE at any

S
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sealed the Cr0 , treatmen t was more

} 

nOr’s t~ ’e initi all y than the WR treatment
(fig B) This was expected , because
waler absorption on lateral wood ,

~~ 250 - pH OF 4 8% Cr0 Ss) L UT/ON - ~u”~4 ~s would be less due to diff iculty
in wetting (fig 6) The water repelli.rc-,

S (UNTREA TED) fur Cr0 ,-t reated wood surfaces was
0 0 5 observed even after hours of water

I 0 2 6 - “Sr’  .“~,iOfl (fig 8) and compares
.,, 200 

~

.‘ 
A a 8 

- ‘si, — i ,*blr lii that f ound for a standard
W R after a similar time This high WRE
f or Cr0,- and W R-treated wood
su rfaces IS found at relatively low

~ / 5  ~~ 
,
~ 

- chemical pickup compared to that
• - ,. ‘ isj fOr Cross sect ions at equal
t . ’ -~ ’ n g t ime (table 6) Dip t rea°nent ‘ - -
30 second’, resu tnd in about ~hi’ same

/00 - ,,4 amour of chemical pickup as waS
fOund by bruSh appliCii’iofl s f  Cr0- . at a

- ‘dti’ ~ h U 1 milliliter SolutiOn per 6 ~~‘

squar e centi meters ~ii wood sur ’as.e
Ike WRE was also evaluated using

ti~ 50 - A 41Cr spray The result’, for ponderosa

- 
pi n e sapwood , tlat-grarned specimens
- i’ipressed as amount of water picked

~ - by each specimen fig 9) shOw that
~, _ L ~~~~

___ ,_L~_. ~~ in I t s  s case, a standar d WR is
0 2 4 6 8 /0 12 /4 C. ‘- siderabty more effective ‘t- 4n the

4CCEL (RA TED ~V(A THfRING (WEEKS) Cr0, !‘n,t tmi- - particular ly afti.r ~ or
more hOurs of spray I ‘o r’ Figure 10

4 ~~~~~‘ “i wc’o c’ e s  ~~~ tee- er*r.rti’Cl *CS IP ’C ’i f ’( - ‘ ‘ west ern re,lCeclar A - ? ”  
~hO*$ ?~~,1• improved cater repellency

Cr0,- --’.’e~ ‘ -,r~ •~‘~-i -w,.r  water p.r ‘up) i~ 
i i - m U  for

(i5 S ‘1” ‘ ‘5~ w e s t e r”  ‘e,~i- edar treated w i ’ -  Cr0, as
Co “ - ; -~i ’v ’  ii to ponderosa pine ~~

- t’ r

Tau. ~ ~~~~~~~~~~~~~~~~~~ - -i -~ ~~~~~~ ,~~~ - ,~~ ~~~~~~~~~~ ,, ~~e. - -  Ae ’ ,?C rn revjced.r Cr0, treatment s
- ‘ , . ‘e ’  “..‘ .ssC’O- iiw i rd ‘- i ’ar , equal to WR in wale’ ‘epeller l

“‘~“ i”~~~’ “~ •-‘~~~~~‘ 
- ‘ “ &f ect-veness especially for wat er - spr ay

- ,#4 cii Si,,” pa.SO” “ periods up~ 2 hours The h’gh
-. ..‘i’a--- - car’- ~ - - ‘ • ~~h~,,- 

‘~~~~“q 
~~~~~ •~~~~

, 
~~~~~~~~~~~~ 

e~ tr~ Ctive’S contCnt t,0 the ix ’  ‘ - - 1  as well
as d-’~ prences in a’- ,ctr ’mi caf Si~ J( tu’~ - 

-

‘~~ o x  - 0 - - “ i , have an “l. -i.nce on thp WR E
; , 

~ 
- - the treatment

4 5 5 10 C Although treatment cd western
100 10 1 

~ ‘e ’cedar wlh Cr0 , or Wa is ve ry
i~~

4 $  
- 

,,‘ ~ 0 
r ’fAc I’ve at providing water repellency

ewi~~ .- - . . ~~~~ .-. ~~~~~~~ ~~~~~~~ ~~~~~~~~ 
- ‘ ~~~~~~~~~ ~~~~~~ 

,,, ~~~~~~ ,,, ~ ~~~~~~~~~ 
the uptake of wat e r vapor after Cr0 ,

- 5 A ~~~~~~ 
,‘., ~~~~~ ~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~ a ~~~~~~ ,~~~~ ~~~~~~~ ~~. ~~

,, 
~,. ~~~~~~ treat mert was relativ ely unchanged kg

a.’ *i’i .,a.~~
.-’ ...i ,.. ’.’g - r~~~ t-~~ i,, ‘t x ” i..,~

, 0 .“~ aac~~.’-,. -‘ 1’)  as compared to unt reated wood
~‘.“‘ “ ‘“ .4’. “i’~~ spec imens Simil ar resultc were

a’c •~ S•~~ ’~ ~iV ê~ 
- observed using redw ood Ponderos.

- pine was not Investigat ed but similar
~,.en -mm.’~~ on ‘ -“c ‘S ,~lCuIated as 1-q,i’e 7 along with the WRE -bin-ned 

‘ a
‘olk ws for ‘hi” wax-containing. WA-tr eated “ - -

~~ S . - S1 -~~ *
-
~ si Bolt” samples were immersed for treatment is also ineffective in reducing

S 30 seconds in the treating solution water ~ ap c” uptake (16) Thus it
where S equals th e swetiing O?)Sef’VPd Cheniicai 501 utiorr pickup was 75 ap pears that water repellency Observed
‘on th e C~ ,’tr~ - specimen and S~ tbe percent for Cr0 , and 30 percent for the for CfOrtreated wood rs direct l y related

m i ’  ~n, “r’ated 5pp( men after WR t able 8) Even with this increased ~~~ ~~~~~ ,nCrp~~eØ conl ct angle o~ water
ri eater ( all spec —mens chemical solution pickup, the WRE ~ 

with the treat ed wood urface I 1~~
pner s’ndi?iofled ‘ - - 65 pct RH crO,-lteated wood -s considerably less
Equilibrium values of WRE represent than “-at for WR-treatsd wood (Fig 7) Surface Analysis by ESCA
any —limensional Stabili zation resi kflg The WR was more effpc t rr, C than Cr0,
“- - “ the ‘r.atmefll Th. WRE as a even after 2 hourS of water immersion

s~~ i,rin of m~~’er*.Ofl tm . 101 Crciss When WRE was determined on flat Preliminary ESCA exper iments we”
sections ,s~ ponderosa pin, sapwood grim ed specimen, wIt?, r’od .grain perform ed on western rsdc.d$r
whiCh were Cr0 1 treated ~ ~Piown in

6 
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-- - ,uc~~a~~~r

~ u ’f ,*i. c~ treated with Cr01 “- - - -- ~ - ‘ - ‘ I

with L,)Iicentrationb of 4 to ‘i 6
percent (equivalent to 1 25 to 5 pct

r~ are Shown in f ’~~ur,’ 12 These

~ - ,~ r ’ cr  ,~~1i’,r- cm. ‘d i!~-’ - ‘ chr omium
probabl y Cr ” These experiments ~t , A

- t i S  ~~~~~ t -  “ to distinguish
-i “m.’e”’ ,.l •“- i. m,’ s ’,i’”,Ot ’ ‘-‘r ,-m.um on
woo d s . ” ,i es This ‘.“ ‘ ‘ -  .~~,,“ should
t’n , ‘.e’s in characterizin g w - - -  - -I

‘‘ i.  ,“, ‘‘.‘,i!.’-U w i ”  ,ci’ -.-o~r, metal ions ‘ 
-

_ i’- i an be used Ic It’ ’ “‘ ‘ “ ‘ n ‘ alt ’ - 
‘ 

—~~

s. iOta AU-,lt-o -- a ‘— A i !,
i ;- c’ “m. ’’s ,i’c It’’ A l , I- . - It’ Ii’’” - ‘ “

‘‘ “ e c 4C I ~~~~ 0f Cr ’ on c- - -~ s ’ .i .‘s ‘‘ 1
as a ‘ - - -

- t ‘,, ~~i ~ - ~“ temperature
C . — ’ ;c’o~ aI-on~ ~ii~ - I - - - spec ies
These .‘ s ~-.t n - ‘-‘--e n - Is  • i c ’  ,i~c! ,~ .i ’ , ’ the
‘cc that tes~nnr~ O0 u P t ,4 t O~ s playS -n
“~ ) i ’ l i1  “ 5~ . ‘ i ~~ ‘, ‘‘ ‘, ‘0’ A I

s c t a ce-s treated #. -- Cr’’ .. O’~
-
~ ~O~~,i ” -:15

Summary and
ConcIus~ons

The results of this s ’ ..  I , -‘nI- c  4?f ’ !~~4?

Cr0, is an effect ive source c ’ C r - - ‘or
c ’o ’ect -o r  ot wood ;ur~aces The figure 5 —Performance Of Oil-base sta in on red cedar and redwood 7op portion of
In,,-” .  ‘ c’ ‘.“- ‘ - ‘ s directly related “ wood par,I.l was untreated arid lower portion was treated with C’O —intl

to - - - - - concent r ation ‘ bOth panel 1 8 oe cen? center pane4 2 4 percent ‘ ghr panel 1 2 percent
-w r i4 t ” ar~~~~ ~s ’ - -- t f .  ‘ - ‘- against 4. — A n a?A.l weathering— ‘.‘i days (2 400 Pr o~ I .g hl ,
degr adation and for improved (U ‘4 ”

1
~~~~~~~~~ ’~~ ‘I oil- and latex-f ~a,ed

-- s “ m.  - ix pH - ‘ 0  5 ‘cr ’ a 4 8 attr ibut ed to bulking as well as physico’ affects performan ce and water
O~~~re”t Cr0 s. 0-on -n w ater is 0er~~c4I  modificitions of the cell wall in repellency Cr0, treatment has lift s
apparent ly a necessity ~~~~ be-st surface fibers by the penetrating effect on the pickup of water vapor
pmi”nr-’sar’ ,-o. F- .a t c ’~ o f C’ - - - ç  n-cs chemica t These mod if ications could be Prelimin ary ESCA experiments show
best at th .s pH as c ” - -- c ’  in earlier wnn~ a result of oxidation of wood that Cr” is reduced to Cr’ on the wood

- ‘ ci - ~( )  ?~ f ’ ,i t p - I  A n) .( ~~~~~~~~~ cc have components by Cr0- to form ca?boxyl surface at lOw Cr0, concentrations
irn~- ’ - ‘ci’~I - ~ ‘os ,s ’si r ’ cn and a dec ree sf groups will” accom panying rpduct’~ n of This suggests that the fixatiOn of Cr ”’
wat er repellency n”-l corresponding Cr ” to ( n  - ( rc,55 nv-np o’ complex on the wood surfac. requires chemical
1 ~‘- ci’sc “‘5 stab .- ,?-, as compar ed to formation of C’ ’  w ’t h n nac i -ve  ox*dation-reduchon sections
!“ai -if ~-itneatet i  woo d Ihe (‘0 functiona l group s such as the car boxy l Additio nal studies on ttie unique netur.
t raat ’-nant reduces thC c’-’ n~ v ape would result in iri.olubilization and of Cr ”’ wood Surface treatments are
swelling, and free wife- nbco r pt,. n of t ,xation of the chromium 1k~ amount of continui ng
It’. wood s , “ a s .  Th,~ change may be Cr05 on the wood surface direct ly

7
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Figure ‘~
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