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Hiroto Imamura, and Makoto Kicucur : Corrosion of
Aluminum Alloy Attached to Wood.
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Joint part of aluminum
frame and wood.
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HWAEEAINIZbDEEZ DD, AMRREKICIE, T8 EHZER 22z0-—-EBEETSHLI
2 BT E D Uiz, $TIERZ 2.3 mm, X 45mmadRT ¥ L ABOF (SUS 27, 18—8) %15 mm
I L7c b D&,

ARk, FRONEEEL AR O—BEROTER L/

AprelBRiA

LS BITHFR, NA4YH
* $160~100 £ » ¥ o
TAUIEE VR LMD 572 10X50 mm, EX1mmad7 LV — b

AMREAIL, Vv — VORICAREANR, T IASDT V— FEEHDRAADRIES Ui,

TRER I E TR L CREIC L, 60°C Tl o7z, 5 A%ROERLELEE Table 1 IKIRTY, KD
BREIZLEN 2 DORBADOTHETE S, 2EOKARZEREMTRD S 31, REGFICEE L.
EaERmARET 2 FESEELL Y, KERTE, BARERWETA Y—7 7V THELRY B
B0 TEALRYD L LITNES, EEEMRIIELN S, Table l 2 RNTAEEEEE
BRAMTTIVIGEDBABKENT ERbS 5,

BEC L S EAROEL

Fig. 2 BT VI 440BARLAEAAR (AEHER 5 ORBRHREOEED LA TE~D) KL

TFay b L2bDTH S, KREFEIRDEBDTH S,

Table 1. & 15 © & &
Effect of salt.

Al £eBEBEN(D)
Al weight change.

t1 ta ts

7 ¥
X H R B K +40.11| 40,11 | —0.10

AR B & +0.12 | +0.14 | —0.05

Al 8&NERE (%)
Al corrosion
(o]
[o2]

S R X4 Bk | +0.08| —0.03| —0.14
Agathis, powder

NaCl (%)
~N 4y H
Fig. 2. AWMICHEDAARET VIAED A BB BE | 6 03] 40.05| —0.10
P ) I West. hemlock,

R E T powder
Relation between salt content and
corrosion of Al alloy buried in
wood powder. Kept wet at 23°C

60°C T 5 ARIEHIC R - 7,
Kept wet at 60°C for 5 months.
ty 1 KT 10 & ¥ Boiled with water for 10

for 40 days. hrs
® »7 -, Kapur .
. , t, « @ Not treated.
O 7#72 Agathis t,: 5 BAKIKIC 5 BRIEE 2

A 477 West. hemlock

O #7527 ,— Douglas fir Immersed in 5% NaCl aqueous Solution

for 5 days.
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# B:ATS—N, THFR, "AVYH, FIVT7RT 57—
VN ¥ 140 £ v ¥ B
TN 44 1 15X60 mm, EX 1 mm, R
REE, HAM :23°C, 40 H
i Ak (0.5%, 1%, 3%) %1#EIC > VTERIOMAS ‘
Fig. 2 itkhid, EABIAESAERLLSICHNT S8, 20BN REESIHERH S BHE,
NS AEANCH B,

KHEAFVHRTLVI =T LADBEEEET LDV TRROXIKELGNTNS, TIWI=TA
HERORETHREBILEESERIN, BELIK WY, BERM 2+ vBCOEREERT VDI T
WAY, McGeary ICXUTIERA & Y IEHET S C LIck D RORIBHHEL?Y,

2A18+ +- 60H-—>2A1(0H) g+ HCl—>A1,(OH);Cl+ HO

Wy VREOEAERBD—E LT ALCl(OH)y-18H0 BHREINTINEY, AMhOERA &+ v id
BEAETRTHAKDBAILLZLDTH 2, HKICETNAEMIT NaCl &£ (78%), KiC
MgCly(11%), MgSO.(5%) L7155 T 59, EAEWL S HEREK] ke hOAEHEERLTH, —
iz NaCl £ L FEEMICHO SN TO AW, RERTRIEMSE LTRIEERY, BmR IR
BT X B TAEIC LY, TT NaCl it LTkt

Kittho NaCl o2HHEiL, BAEFAINZES, 1 RKOAKTEKEDO LT, KROMEEGRE, &
BEHLBMTRELD, MM IR THLTORRLZOAHB—R TRV EBED, ZORHDET S0
REBEZTV Iy YHERLAILEAEONE,

ty SHROEEOEED

TEEDH L/NEEOIMDEDY v v HMEE Ui, BERRURDELICREL TN B, AMIRFE
EICED (HE0.25) M TH Y, BIEHERHEVHDO LI RICBONT S, TOARMO 25 cmfd
RO 2 o0 LRMAEE ZDHEOHS P oAMEDL D, BHEEREE PHERDLLERDOLITH
%,

RN Ekd: 1.02%, pH: 3.60
R URERER) #it4:0.82%, pH: 3.60
hoE O K4 0.56%, pH:5.00

Fig. 3 BBEOHBIERINLTHFRAO—ET, ChiCYFF ey B (Tv i)
BENSFEE Ui, Fig. SItE 0 TH» Y3 No. 7 25 No., 12 i - TR DA oh, ERME2 K0
FHEDH D, Bt EES pH ORERSEIE Table 20 & 513D, R LA No. 11 THibyE
& pH BEWEZRLTO S, AMORUADKEZRS &, WLOH >l Hir5 2 mmBEEIER
e, Z2ZHOAMIBALE-TVS, pH A% No. 11 LISHE 6 LIFTH 5Dt L, No. 11 Tl
9.10 L7 THAERTH, ChETVIAEORALEFRMOFEETHES I, PpH KON TRTEROH)
CERE KR TH S, PEBOMOEARY y VBORLUROT VANML AN NHERT213E
BEBKEN, TV =T sDERAF VEETCBY XGRS OHET S L, AMO pH BERDE

BIROENTZES5TH 5, 4k, MBROFITRT ¥ F R EHKEARDRERRETREL TEA
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Table 2. B&LEY v YBh OSBRI LR

AMOEHEEREE pH
Chloride content and pH of the wood
1 4 .
caused Al frame corrosion.
S AR (%) o
Ne. Chloride pH l{ﬂe mark
content
1 0.08 4,88
2 3 2 0.02 5.00 i #
3 0.00 5.80 Heartwood
4 0.00 5.03
5 0.30 5.49
6 0.75 5.50
________________ 7 5.31 S5.11
5 EE 8 5.91 4.89
9 5.79 5.12 3 B
£ 6 | ]13 10 6.39 5.63 Sapwood
S 11 7.59 9.10
12 6. 50 5,79
7| Te] ol [10]i]12 13 1.0l 5.70
T 14 0.25 5.79
a7
s L?I LR No. 11 (Fig. 3)
crew hole Wood (Agathis) was used while high moisture con-
. - tent and caused Al frame corrosion found 1~2 months
- D v
Fig. 3. RALLY v B 5RY after construction. Screw hole was at No. 11 (see
B LA OE B & Fig. 3).
U pH O JUE &R

Measuring points for chloride
content and pH of the wood
which caused aluminum frame
corrosion.

L, vy YOROATH, 1~2hAEB0EBKKANERINTV S, TOTHFAOLMBOELY
REbHTHEL, BABIMICRBELRLTEERLTVS, DX, AMBOEEHOIHI, &
KOBFEREIC L 513, HBITROKOFRBICL - THRE—KL B, EEFILOFEZISETE
BT ETEONRETH 5,

4 TILIBROBRECRETREREOFE

RESBL U TREBEHBICEBHICEATAHA A Y, BLXUY v vROROFFRBVOHE R
FYVRFAEZMO B, FERELCARLORDDELTAT VY VAOHFEZAY, BEOER I /ML
HBEED 12D DERELT -T2,

wERFOEE

Table 3 i3, RICBR~ARRREK SEANERED 1 0K RID ZMABRTHO, #n

ERMUIABOF BT IV I GEDEEBRENT Litbip b,
ATV L ATDOEEOKE
TN ASEEMBOAMIC AT VL AT EARTEROTRONG, BEBZLELLY, TrIiise



—112— WERBRBHERS £3405

Table 3. 8 ¥ © ¥ Z Table 4. A7V VAEGOESE
Effect of copper powder. Effect of stainless steel nail.
Al 5&EBEBEN(%) Al 2&EEBEM(%)
Al weight change. Al weight change.
z s g AT vV RE
Sample t ts ts aSa mole Stainless Wooden
P steel nail nail
T H F R —2,79 | —2.64 | —8.39
Agathis, powder (+0.08)[(—0.03)|(—0.14) T HF A
Agathis, —1.15 —0.03
~ 4R —3.05 | —1.30 | —4.976 solid
West. hemlock, powder |(+0.03)|(+0.05)[(—0.10)
e/ F
%4442 Table 1 &R, Hinoki, —0.96 +0. 10
Conditions are same as Table 1. solid
HEG) AR AN Without der.
( Y 8EpiL ithout copper powder 60°C T 5 70 I TIC Ro 720

Kept wet at 60°C for 5 months, Figures
are incomparable with those in Table 1
because of different Al shape.

/o Alalloy o /

€

L7 —"7 Vinyl tape
Wood /

Fig. 4. TnIA2D7 Vv — 2RV IERBRE

Sample with aluminum alloy plate.

At

Al &% Wood 2F L RS
Al alloy Stainless steel nail

Fig. 5. v=a7F—7itkb7vIA&d
27 vV L ZE OB

Insulation of Al alloy from stainless
steel nail by vinyl tape.

By VB -7z 20X60mm, EX 1mma7 L— ARV, EORMREBRELRELTHEOR
M (FHFAEE+) RROAY 7 (Fig. 4, {O&#R Table 1 LELTH S, $R%E Table 4
CTT, CNERBETHFAOES, BABEIAFLIVOXF VL ATEERLLFSH L LICK &
Ve B, £/ FRTHFRAIDNINEERT Y, AFOBETEEAMNTN LRI,
25V L ZETOERIRTORE
KIC, AFVUVREFET N A EDEMRENESICRIZTEELRIT L, 2T vV VAGOEREY
2.3mm (GiR#y5.5mm, £X(315mmizgl) iKHL, TrIEL07TV—OFRO EREZRD
K, /N2 EHE Ui,
STR#EK : bmm
JF/N 2.5 mm
T, SIRERDTRD S OEBBE=—VTF—FERY, COEBPLRAT VLV RFE - THOH
BLUERE TV I E40 BERT 2R 0T -7 (Fig. 5), TV IAEDTL— D2 DDEHRD
MAADRERD LI Ue K, INISTREZIET,
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Table 5. §FIROBEEDOEE Table 6. EAWICEIT INBORE
Effect of nail hole diameters. Effects of treatmens around joint.
SR EE(mm) Al A&EETA (%) i " Al &4 EBEL
Nail hole diameter | Al weight change No. Treatment
catme Al weight change
5 2.5 —0.58
5 2.5 0.58 1 g@tty)fa ﬁIdﬁﬁd 40.013
. —0. ubber-banded, .
Taped nail head
5 > ~0.25
Taped Taped ) A=Ak — bR
2 Wb +0.06
1BOT VI BEICRHAMN2OHL, ENTIS Polycarbonate bolt
AMEEICR T,
Each Al plate has two nail holes. Kept wet in . e
room for 15 months, 3 S/il]i}ct?n—/se/alec}ll/ +0.22
1) KR&h RN - & ERET :
4 Galvanized iron —0.70
@ K F=7) &/h nail
B KGF—-7)EXK G- ZF VU RE. HH
R N i il, —0.
ARHET AT 2E B, BRTISpAME 0 | Spanless nail 08

B> 1 RER, BaE Gk 2 E0FE) 3 23°C T 13 2 A EEICIR » 72,
Table 5 DX 51D, FIRAECEE B, Kept wet at 23°C for 13 months,
FNIEEERT VY VAFH—FORTERT @R ERUEERT, BERICE TV I S OHRO
Babatizn, FE040BARIRD NGV, THVIAEERAT VIV AT LOEMERT NI
BEEZBOIEIHEND S,
EREcLIRE
THFZEROEAELESETREERER~ . LRERROLSITH S,
1) TAIEEEAMEAZRTLTEEL, TV IALSOHRBICRAT ¥ VATH LMD R - 2HHHFD
HEBL,

2 RYAH—HKx— rBORNVFTESTS,

3) AMOFAWICY Y avDa—F Y FHEEALTLLRT Y VAEEIT D,

4) FEEA - &R LIBEITHET S,

B RFVVURAETEAL, B—7NI4&RNOHNBIICENNZED 5,

Thod 1 EEico % 3 BORBRKEER LI, 23°Cic 13 » ARIEBICR - 2k OB ARIZ Table 6
DL HITHE B, FICIHIBMBEOEHIENG, 16 PAROERE(IT—0.3~-1.5%THb, COREDL
B, RFVUREEERALIE LD, ThiZy—rT3EEaBi3/NgLiLs, 27 v VA OEBPIS M
TARETCRERIEREINZD, B - XFTOBERY - BEHT2 LR E, TRE
M A R TI, ENSEBEEES L TERA LTV 0 HRMPERTERNLEZ LN S,

AFVVATDESOHE

COERTRAT Y VASOHEL G TREABRBEINEINC LS, RORIOFEANTIORSD
BEERE L,

6T © 23mm
gl : 5mm



—114 — RERREMRRE #3405

Table7. 2 7 Y VA DOEIDEE
Effect of nail length.

ExS IR (mm)|Al £&EEEM(®) | K 7 RS (mm)|Al £&BEEN(S)
Sample Nail length| Al weight change Wood Nail length| Al weight change
THFR THF R 23
Agathis 23 —L15 Agathis Painted —0.67
e/ F THFR
Hinoki 3 —0.85 Agathis 5 —0.40

EAT 16 »RRAERICHK -7

Kept wet in room for 16 months,

BOHO—IciZ <4 v+ (72 VvBR) 28BFH Ui, AMETHF2EFLL, £/ +8A0E, 7
WIAEDERIZIIMM TEZ, 1 BHEORBRAOHIIZETH S, BET 16 » AMBEICR > HEOD
BEaR Table 7 DEBVTHBW, HOTHF RISV TRAE, EVHIVENTOHF AR
RED, =4 v P EBHLLGEHRSEE 20, L LTRTHRLARETREVWESKAZ S, T
N v BB L D THD, ROESTVWELOBRENMEI-0.17T%TH 5, TOREL
FHHT I EEDEEBRENC SO0 TIR, AROEFRBRENREEATICKS LHLEDEZ S HED
AN S AT EMNEZOND, —F, KTV ) - M EEOEEDORE LY T BT, Kfof
KOG ket y YBRORT Y VAR UOEBICHEABRONS E0H 5, ChiZAMOES &
HELTRALBENES, TORMMRECENI Y2 Y — MGEL, ABEW LN - THy VB LDE
BICA7-DDOBRREZEL OGNS, LB TRURENVEBEEEZECIKOVT LD, ¥y oFD
BaEPERITCLRIEETHA D,

CNETOEBRTEBEBET NV ISGLOBECKEBEELRIITCLSHL L ER -7, 2EHO
%ﬁ%ﬁw%ﬂ#%%é,%&K4ﬁvw@ﬁmk%mﬁﬁﬁ%¥%mﬁbﬁﬁf5oﬁm¢m#654
A VBERATRTNVE =Y AR, 188 27 YLV AMBLUCHKIDEVIEMI S 2Y, T I4&RT
WIZULRE, YTAY YA, YAV, GVERSLIVRIERTESRNENSDTH B, NaCl D
sk (53 g/D) 1 HaOa D/kiEHE (B g/l) RMA TiEHp (25°C) ik 2 BAEBEMIL, Vv Vil
BB TN A4 6063 H—0.83V, HH-0.20V, RFVLUMHN-0.09VTHI7, BRBEBL
&u,uUbKﬁNkﬁEﬂﬁw$wf%ﬁ®%i?5%ﬁ%if&D,ZEﬁ@ﬁEfu%ﬁomém
HEET 5,

$#4 A VIR 1 ppm BEOEETTVIGEOABEREITIVHNY, ElSELLTRELEE R
B B5DTHB, TVIAEDOBELAT VIV ZHOBBRICONT, KKHF L@ RKFTREZLTH
B, BLOKSHERFEKPTRTVI=VLOFBERT S LHEIN T ZPWIW,

5. FILIBGEOBEACRETHESEOS

BEgi s LTS EER, pH, HEIZIUHKMBEHERD B, 7TLVI480EaLoBES:
HErf, AT IME (ARAHMIENHESE) 2RA L,
i) & 60FE, O, BHORENI L TN,
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A ## F #k 1 100X 75X12.5 mm
TG4 15X60 mm, EE 1 mm, HERE, §3 mm
BEE, R 28°C, 114 H
B A HE:RFUVAL, BHE2.3mm, BEX 12mmicik
BHBIGE : mBAR (40 4 » ¥ a@Ef) 18%4h 100ms ofkENL, 24REAZEAKER
OLBHELAWBEIC LI TAKI D AgCl B4Kw, NaClicE L, BRARERY:D
TEbHT,
pH OFEIE : VAMREIC BEREES B mm BEOR 2510, MK THiERTAN LD BEIC
L, %4 pH # 7 2 &E#E (Microelectrode #:#, MI-408, JEHiHE#% 0.4 mm) THE (Table 8 TAH
FH)o Q%D LBIBE—RD N 7 AEHBTRIE (Table 8 THIMHE),
ok iR © AHO/RTE 100°C T 10 B L TR 72,
$E5% Table 8 IR, BWELTEARIKRIZVOERSLNEDKHEL, EhEhoNEEE
OHTOMBROBOEBEINE W, BEDERMSARICIEE LIc{ W, 2 THWAREOHIC
12, EILDBROSOEDEEBNAKE T3 ERLNE DO 550, BILPRBHDIEITS,
NUAOBHEMEF L THERBMNRE( L TR EEAONE 5055, TOERKDNTRAHT
Hoh, AMOMEHRSB LTV L AELOEMICH 1D 5 RIREL, ELYOBBILPDBK
SBRREEORFNEZLOSNS,
SBEOBAOFERDO—2I LIZ LIZAMD pH L 0T 5N 54, RERERTRTVIGEORE
8> pH & ORIICHHSBESS LM, AMO pHiZAK S ~7 0fEICH D, RiFHMB4~61CHE
LW, Table 8 OFEREIZIF—HKL TS, T =Y a3 pHA~ 8 ORI CTREL BB TR
ENTV3E, ENHIWENH B0, CORESERIA VOEETTHESNDPTNLEPEELD L,
pH BIENC EMEEEBISBIRELITEC LB, PROKMHOEERL Y FRNLEHLS
3TH55, PH 3% v vROBEBERMIC X - TENLT 5 Z SREERE~

6. FLIYyOBRAORERRL ZOWE

o VEOBEOREBRNT, RIGRRESiC, TiCYy VBROAM LET ZEREH L URES
TH B, AMDBEEINTOLVES, Fig 1 X3 NEEMSLETAH EEELTOROY » Y%
HERORETIBECEBNTEETZ S, Yo VEROMOTIET 2 BAORMHEELICCNT Lbh
B, CORADEER, VHAHEETIHAT, BIFACHAMBE S - ThSBIEIREL,
ONTIEOBHILEETZ, ZOWADERICOVTREBEDOATHEH, TEHERTHLLEELD
N5, TEWHEMIKE & BICEIESEEDP T BERICEELETREEL DD, BREBKEROMR
£EUTRHIE, BERZEMOBALVDEL, T IASATEMSRET 2T &85, —H,
7 v S VRTER AN L AT TEET 2 5DICO0TIE, BEABSIEVY, BEOEENALHT
BB, By YHEOERED SEEERBIRE L ARARES B,

o VHBOR URBSOBREOREISNTIE, ¥y vyBEARLOT XHZEL TKORA L RS
Fbih, AHORURESOEDTOEANED SN, AHEEE THILYHE BB, +v vBORL
REARADOT L AMT TN BAREEOREBRKLEDPTOHRAELTNE SR, OTFHBFEEL, B
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Corrosion of Aluminum Alloy Attached to Wood.

Hiroto Imamura® and Makoto Kjcucar®

Summary

Sometimes it is reported that a window frame made of aluminum alloy corrodes in con-
tact with wood. Generally, the aluminum frame is attached to the wood by stainless steel
Phillips recessed head wood screw through the funnel shaped hole punched in the aluminum
frame. The corrosion occures mostly on imported wood that containes some chlorides pene-
trated during storage in sea water. The corrosion is found around the punched hole and
along the interior side edge of the aluminum frame (Fig. 1). At the first stage of corrosion,
transparent liquid appears with some bubbles if any, followed by white corrosion products.
The corrosin, in many cases, becomes noticeable within one or two years after the construc-
tion.

Experiments have been carried out in order to clarify the causal factors for the corro-
sion, Aluminum alloy plate was taken from the commercial aluminum frame, and two holes
were drilled. The plate was nailed to the wood with stainless steel nails (Fig. 2). Wood
powder was also used. The aluminum plate was immersed in the wood powder without a
stainless steel nail. The results are shown in Tables and Figures with some comments.

The corrosion of the aluminum alloy increases with the salt content in the wood, and
increases when the aluminum alloy is in contact with copper or stainless steel that are
nobler than it. When the nail hole in the wood is filled with silicone resin elastic sealant
in order to insulate the aluminum alloy, the stainless steel and the wood, the corrosion
decreases.

A difference was found in the amount of corrosion of the aluminum alloy between the
wood species with small amount of the chloride. The relationship, however, can not be
found between the amount of the corrosion and the any of the factors such as pH, specific
gravity and amount of hot water extractives.

Important facts were obtained on the wood that caused the corrosion of the aluminum
frame actually used : High chloride content was measured around the screw hole of the wood
(Agathis) where the heavy corrosion of the aluminum frame occured. This suggests that
the chloride migrates as the water moves in the wood. The pH of the wood also seems to
change with the amount of chloride and corrosion products.

Stress and crevice are also favorable factors for the corrosion, besides water, chloride
and nobler metals. Stress corrosion probably happens around the punched hole of the alu-
minum frame, because strain has been induced by press punching and stress is produced by
screwing. Crevice corrosin probably happens also at the slits between the head of the
screw and aluminum frame, and between the wood and the interior side edge of the alumi-
num frame.
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