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INTRODUCTION

Preservatives are exteusively used to protect wood from the ravages
of fungi, insects, and marine borers. Many preservatives are used;
ench has different physical and chemical properties, and each meets
a specific need.

Tho effectiveness of each preservative depends on the relationship
of the kind of treatment to tﬂm degree of hazard to which the freated
wood is exposed. For example, posts, poles, marine piling, bridge
timbers, and crossties of most wood species will give long service onT;,-
if they are well impregnated with a suitable preservative, while items
lilke intevior trim seldom need preservative treatment. In bebween
ave many situations where surface applications provide adequate
protection.  liems of intermedinte rislk are siding, exterior trim, sash,
and other parts subject to wetting by rain seepage, particularly when
the worst hazard has been avoided by designiug the butlding to limit
rainwetting and to permit rapid drying between showers (56, 35).

This butletin reports results of experimients on the effectiveness and
fimitations of brush, dip, wnd shorr-soak methods. The experiments
are of two main categories: penetration and absorption of preserva-
tives and decay protection. Particular attention is given to water-
repellent preservatives because much of the wood which can be pro-
tected from decay by simple applieations also needs protection against
stain, paint peeling, warping, and other defects frequently associated
with relatively minor min seepage. This minor wetting is effectively
controlled by water vepellents {38).

WATER REPELLENCY

Water-repeilent preservatives were introduced abont 1940 to pro-
tect sash and other millwork from rapid changes in moisture content.
Saveral sonthern sawmills are now dipping general construction lum-
ber in & water-repellent preservative, primarily to minimize rainwet-
ting during shipment, storage at the building site, and construction.

Water repellents consist of waxes and synthetic resins which reduce
wettability und thus curtail the capillary movement of water into joints
and into the wood proper. Water repellents suitable for the uses cov-
ered Ly this bulletin should meet the standards of the National Wood-
work Manufactnrers Association or Federal Specification TT-W-572,
i.c., have a repellency of at least 80 percent by the Swellograph test.
"The effectiveness of commercial water repellents in oil solutions varies
considerably (28).

Manufacturers and distributors do not disclose the composition of
the water repellents added to their preservative solutions. However,
extensive trinls at the Forest Products Labovatory (7) showed that it
was not possible to achieve the repellency desired for siding and other

1
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exterior woodwork in o single application without incorporating ¢
moederaie proportion {about 1 percent) of n hydrocarbon wax such as
paraflin wax or veresin,  Vegetable waxes and other true waxes were
much less effective, and resins or varnishes still less so.

Paraflin wax emulsions added to water solutions of preservatives
impart significant resistance to rainwetting {37) and are now commwr-
ci:t-hy used to keep framing and sheathing lumber dry during trausit,
storage at the building site, and construction.

Moro must be learned about the paintability of wood treated with
wax smulsions before they ens bo recommended for use on wood to be
painted,

Properly formulated water-repetli ut preservatives in oif solutions
witerfere with the subsequent painting only if excessive absorption
oceurs {as is likely with fungus-infected wood) or it insullicient time
isullowed for solvent evaporation.

Hxperience has suggested that application of water repellents to sush
produces a murked beteficial effect. Recently, this has been sub-
stantinted by the accumulation of much experimental evidence. A
dip in o water repellent greatly curtails ruinwetting of siding (7, 38),
sash (#2), and other wood products (37}, and thus minimizes decay,
stain, paint failure, warping, checking, and nail rusting.

Whter repellenis ate most useful in protecting siding and other
exterior woodwork exposed to limited rainwetting (36, 38). Bven
when water-repellent treated wood is exposed to severe rainwashing
under conditions hindering drying between showers, wetting is greatly
restricted for us long as several months (37). IMowever, the wood
sventually becomes saturated.

Water repellents will not prevent losses or gains of moisture re-
sulting from Iluetunting humidities. They reduce the rate of change
but eventually the wood reaches equilibrium with the average relative
humidity.

PENETRATION AND ABSORPTION
STUDIES

MATERIALS AND METHODS

Both dry and green senthern pinewocod was nsed.

The commeranl kiln-dried lumber used was free of obvious fungus
infections, knots, resin poclels, and similar defects. No attempt was
nade to exclude slightly off-grain boards, except for special tests on
radial, tangential, and longitudinal penctrations. Unlless otherwise
noted, the samples were all su.pwoo({‘ In most cases, wood species
could notf be determined. but the Iumber oviginated in Arkansas,
southern Mississippl, and central Adabama, and probably all £he im-
portant soutliern yellow pine species were represented.

The green wood was either freshly sawn lumber seenrved at mills or
cut from treshly felled longleaf pine trees. The green lumber was
air-tried or kiln-dried and handled to exclude or to favor fangus
infections, whichever was desired. Except for special comparisons,
samples were surfaced after sensoning as 1n commercial practice.

In general. fumber was cut inte 1- by T-inch or I- by 2-inch strips
of sufficient length to furnish one sample 3 to 10 inches long for each
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test category. Within a strip, sumples were randomly distzibuted
among trertments., In tests with many categories, the samples for
longitudinal and lateral absorptions were cut from adjacent strips.
Usuaally 10 snmples were used for each test category.

After drying or specinl prepatation, samples were strip-piled on
n laboratory shelf until they attained a uniform moisture content
of 10 to 14 percent, depending on season of the y=ar, except in special
tests where variable moisture contents were desired.

Usually absorptions were restricted to cortain surfaces, for example,
end ov lateral surfaces. Nontest surfaces were conted with an oil- and
water-resistant vinyl chloride paint that excluded all water or oil.

Thirty-three of the 36 tests of oils were with 1‘enci{-to-use cem-
mercial preparations containing 5-percent pentachlorophenol in min-
eral spirits. Two were with concentrates diluted with kerosene.
When solutions with and without water repellents were compared, both
were furnished by the same muanufacturer and presumably vere
essentinlly identical except for the presence or absence of the water
repellents.

or studies of the penetration and nbsorption of water, no toxicants
or water vepellents weve ndded.

To stain the wood for penetration measurement, Du Pont oil red*
was ndded to oil solutions and aniline blue to water. Absorption rates
of dyed and undyed solutions were not significantly different, but it
enn only be nssumed that the penetrations of the dye und preservative
wers the sumie. Penetrations were determined after 1 week or more of
open-piled drying of the treated wood. The saraples were split, and
the longitudinal and radial limits of the dyed wood wers measured.
A fow tangential measurements were nlso taken. With water the dye
limits were sharp and easily measured, but with the oil the dyed wood
varied from deep red near the surface through varying shades to the
straw color of the wood. Thus, measurements of oil penetration should
be interpreted as relative rather than absolute values.

Befors the preservative was npplied, the samples were weighed and
placed in racks holding them apart. They were then immersed in
3 or 4 inches of solution and reweighed after being wiped with 2 cloth
to remove excess solution. Weights were taken to 0.01 gram.

When samples were numerous, the temperature of the treating solu-
tion varied slightly between the start and finish of treatment. To
equalize this and other treating errors among all categories, the
matched samples from one or two strips were treated simultaneously,
except where special test factors prevented such treatment.

DIRECTION OF GRAIN

The capillary structure of normal coniferous wood (37) consists
of (a) the transien! spaces around the micelles, {b) tracheid cavities
in series with pit chambers and pit-membrane pores, and (¢} resin
ducts and rays. The transient cal\—wu]l capillaries are operative only
with water and other liquids that swell wood. Thus, they are not
important in treatment with petrolenm oils. Even with water, the

! The mention of commereial produets or trade names In this publication is
golely for information purposes. Endorsement of any commercial product is
not intended and must not be inferred.
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transient cell-wall capillaries prebably are u very small part of the
affective capillavy strocture. In woods without extensive resin ducts
or conducting vays, the ratio of longitudinal to transverse penetration
approximates the ritio of the length to width of the average tracheid
Lumen,

Longitudinal penetration generally is greater than transverse pene-
tration (24, 37, 52, et al.), and in most conifers tangential penetration
is greutor than vadinl (273}, Bovdered pits are usually much more
prevulent on radial walls, thus facilitating tangential peveteation.
IHowever, radial penetration is greater than tangential in pines, prob-
ably Dbecause pines have well-developed radinl vesin ducts that ave
quite permeable (5, 27) and well-developed ray trucheids. There is
no evidence that ray parenchyma are important in radial penetration.

In most penetration studies of wood, diffusion or pressure-perme-
ability enleulations have been used (12, 16, 25, 31, 82). Sonkmg in-
volves capillary rise and liquid flow, as does pressure treatment (57).
The same principles ought to apply te both pressure and dip treat-
ments, but rates and differences may not be the same. A major differ-
ence in simple treatments is that treating depths are insufficient to
creata appreciable hydrostatic pressures. Without external pressure
the buildup of back pressuve of air within wood should cause the
rate of capillary rise to decline rapidly. Lindgren (17) reported that
afueous solutions applied as 10-second dips penetrated shortleaf nine
L6 Lo 8.5 mnw transversely and § to 10 mm. longitudinally. Brown et
al. (6) found that the m?at.i\-'e rate of penetration and absorption of
mineral-spirits solutions into ponderosa pine sapwood varied with
toxicanls, moisturo contents, and specific gravities of the wood. In
goneral, a 10-minute sonk resulted in radiul penetrations 1.5 to 3.20
times and in longitudinal penetrations 80 times the tangentizl pene-
trntioh.

The relative permeability of lateral and end surfaces is best mens-
ured by absorptions, becnuse lateral penetrations cannot be measured
aceurately.  All comparisons betaween end and lateral absorptions are
summarized in table 1. In each comparison the difference is signifi-
ennt statistically at the 1-percent lavel,

Although the tests varied widely in time, source of wood, specific
gravity, seasoning condition, straightness of grain, ete., the data in-
dicate that the vatio of end to lateral absorption is roughly 10 or 11
to 1 for the specimen sizes used. For the infected material, the ratios
in 10 of the 14 individual comparisons were less than for the matched
uninfected wood. The ratios for 5 seconds were lower in all five
tests fhan for the matched 3-minute samples. The lower ratio for
kiln-dried wood mny also bo sigmificant: at least it was observed
in the two matched comparisons as well as in the unmatched compari-
S0NS.

The data of tests in which absorptions and penctrations in the
three divections were separately considered are summarized in table 2.
Meun ratios of absorption through tangential, radial, and end sur-
faces ngreed closely with ratios of penetration in radial, tangential,
and longitudinal cdirections. These were 1:1.7:12.6 and 1:1.6:11.4,
respectively. s the grentest differences were betaveen the tawo results
wi_tlh pentachlorophenol in mineral spirits without a water repellent,
thero apparently are only minor diflerences, if any, in the ratios for
the different solutions.
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TanLe l——dverage ebsorplions of walvr and oil solutions through end oud
feteral surfaces

1
[ Solution absorbed
: Comparisoons per 10 sq. ain! 12nd
Wouod condition nim! immwrsion period L] R S F —
| Interal
0il Waler Entl Lateral
Upuntehiet comporlsons:
Tuinfeqted sapwoul: Nutaber | Number | Number | Grims Frums
5 secondy. . e e e e e E 5 0 6.2 0.8 w8
gl oo o e b} 18 3 14,9 1.3 10.6
W0minnLes.... . - o o Lo - e i 8 1 15.0 .7 8.8
ISmlpules.o.. - .. aeeoee 2 2 ] 1.4 L3 1.4
LV T [T 1 H] [i] o] 18,0 2.0 )
THOUR e e vie = wan e aeas 5 K 0 211 a2 o6
Cuinfeeled sapwoml, 3 tintiles:
Kilndelod ... . .. . . . 0 2| 1 1. L4 .5
Alegried. .. . . C 5 5'!' P 15,7 1.2 12.7
. L PR 15 150, . . .4 [ 10,3
Y plus woter repeblent.. . ki 3 . 1.5 1.1 10,5
WHer. cvae - o oo - 2 3 1443 1.4 0.2
Atateld cornphrigans, 3 nifnules:
UTnlnfeeted heartwoed. . .. oo - .. 1 1 0 6.2 B 7.8
Unlnfeeied supwood . : ] 1 1] 18,7 1.G .7
Inlected sapwomd .. . P 3 il 4 43.9 4.4 10.0
Uninfeeted supwood... - - -ao. ; E (¢ 4 20,4 L7 12.0
Al diteronces butween end and lateral abgorplions are significunt at the .01 level,
TalLE 2—Rotutive absurptions and penetrations willh S-minnte dips
I Absorptiion rntio— | Penetrationratlo—
Holution ratfal:tapgentinl; | tangential:radial:
el surfaces lougliudinal
direetlons
Pentuelloroulienst in wineral spirits:
R 1 2 S SRR 1:%*1 B:**16. 7 1. L3:**14.7
8l s e cimaae s csmssmmarmmam—bodmamemr Ao toamEasstavaT I *L4:**1L3 1: 1.0; *“*8.8
Pentueliloraphenol pius watet repellent in wyinerol splrits (test i 2%, G:**12, 5 1;%%1, 4:**10.3
Woter 1Hus eniline Bhoe (est3) 0, coaaaaens eanemrmmmmranas aaem 1L 8" 10.8 Levg 200124
GO I TN e e iv - ccmmmrar mmccesmmammmr e g s e ———— LT 128 1 L4 1.4

*\lue ks signifieantly greater b the 0.05 level Lhan the voale for radial.
“*V'5lups are signifiestly srenler at the 0.01 fovel than the values for radial ubsorption) and tangentlal

(peoelration).

Penetration in vertieal vesin ducts was usually several times as great

as in the adjoining wood (racheids.
ignored in measuring penelration.}

(Resin-cduet penetration was
The treating solution did not

penctrate the parenchymatous border of the resin ducts or enter the

tracheids,

Teesdale (32) and Scarth (25} reported that creosole or mercury

under pressuve spread ont
In some pine specics.

LBecause rac

longitudinally from the radial resin ducts
linl penctration was generally better

than tangential penetniion in the current tests, it is assumecl that the

rays were important.

As with the vertical resin ducts, the ray duets

wora penetrated to greater distances than the ray tracheids, but the

solution seemed to be conlined o the duoeis.

The vay tvacheids ap-

purently are more effective avenues for radial treatment than are ray

resin ducts.
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VARIATION AMONG BOARDS AND TREES

Analyses of variance were mnde of data from six tests on per-
meability differences among trees or boards,

In Tour of these tests, commercially kiln-dried lumber was used.
1t was not known from how many trees the boards came or even
whether all boards in o test were of the same pine species. A sig-
nifieant varianee was ascribable to hoard seurce, regardless of whether
Me bourds were frem one mill or from widely sepnrated mills.

For the Gfth test, the wood was from six longlent pine trees which
grew in close preximity. Samples from eacl tree were dipped in
pentachlorophenol, in pentachloropheiol plus a waler repellent, and
in water,  No signifieant variance was ascribuble to tree source.

Samples for the sixth test were taken from the outer rings at dif-
fereut heights in three longleal pine trees from ditferent stands on
the ITarrison Experimental Forest in southern Mississippi. Per-
meability differed significantly among the trees (table 3), but not at
ditferent heights or among samples at o given height in an individual
tree.

Tu most tests, variance due to board or tree source was exceeded only
Ly that between infected nnd uninfected and between end and lateral
surfaces. It is not known how much of this variance is due to dif-
ferences among (ree species.  Tlowever, important differences did
oceur among sumiples of the sue species.

SPRINGWOOD vs. SUMMERWOOD

In most species, summerwood generally treats better under pressure
than springwood. or at least allows o grenter peneteation (4.88). The
springwood ot rapidly grown southern pine reportedly is particularly
fow in penctrability {J4). In contrast, pressure-flow studies show
thit longitudinal tlow through southern pine sapwood (72) is greater
in springwoaed than in summerwood. Even though summerwood is
more casily penetrated, springwood has a greater void volume and
can retain more preservative, Springwood of freshly pressuve-
trented southern pine supwood usually contains more solution per unit
volume of treated wouod than dees summerwood(8).

[n the three tests in which separate measurements were taken, the
penetration in smumerwood was usually double that in springwood.
This relation held for pentachlorophenol alone or with a water repel-
lent, and for treatment with dyed water. Differences were marked
in fast-grown wood but were small or absent in slow-grown, even-
textuved wood.  Latera) penetvation was greatest when summerwood
was exposed on the surface of the lumber. In samples heavily in-
fected with Trickoaderma or Penicillivm. penetration of springwood
and summerwood was equal.

HEARTWOOD vs. SAPWOOD

In many species, including the pines, heartwood is much more re-
sistant 1o pressure impreguation () than is sapwood, but pressure-
flow studies (/2) suggest that the vatios of penetrability of sapwood
and hearfwood vary greatly among speetes. With shortlenf pine (5),
dips and cold soaks penetrate sapwood further than heartwood.
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Tanle 3.—dbsorution and penelralion of §-poercent pentechiorephenol in mineral
spirits, longieaf pine saprwood?®

Absorpiion per 166 Penetratlon
Helpht Spweeine Ristgs soire contlmetors
Uree number in lree gravity froim pith
End Lnteral Ewi Lateral
Feet iNo. Graimy {irams A, M.
| [ G.7 18 8.37 084 .4 2.8
10 .50 17 9.13 Rt 3= 3.1
put] L 533 1 E. 07 1) 5.3 3.1
a0 .52 in 8.78 1.62 et} 3.5
e ammamaan [t} 608 i3 8.63 01 2.1 3.8
i) L0 17 8.08 85 2.3 2.2
0 490 11 863 B8 4 2.0
30 .55 9 8.45 70 30.8 2.8
b Y 1] i i8 13 .13 2.8 5.9
10 677 i) 8.87 .0 0.5 2.6
20 . 596 12 .3 .81 23,0 2.2
3y 587 o 738 B2 4.5 1.7

| Egcly velue is o sverage of 4 trials.

Henrtwood and sapwood samples were cut from 10 edge-grained
pine 2 by +'s from widely separated sources. All comparisons were
between sapwood and heartwood from the swme board. The transi-
tion zone wag wvoided, but the snmples were essentially outer henrt-
wood and inger sapwood. Information on treatments and absorptions
18 summarized n table 4. In each board the heartwood was less
absorbent, both on laternl and end surfuces. Ilowever, in both lateral
and end ubsorptions, certain heartwood samples absorbed as much
us or more than some unmatched sapwood sumples. Appuorently,
variability within second-growth sapwoeod or heartwood is sufficiently
great so that the two categories overlup in absorptivensss. No pene-
trations were measired in heartwood. Differences in penetration may
ba greater than indicated by the absorption data because the latter

TasLe 4.—Relative ghaarption of copper naghthenate {G.5-percent Cul or 5-per-
cent pentachiorophenol in kercsene dy kiln-dried southern pine sapwood end
keartivood in e S-minnée dip

(rams per 100 ag. ¢m,?
Trealment Orams persamplal
End surfaces Lateral surfaces
Copper naphthenntae:
4.0 a--
LB e nmmvsacea|mmmem——— e —————
Differenced e rr———n 2,1 0,46 - ——
Pentachicrophenol:
Sapwood I JE T, 18,7 1.8
Heartwoot .. _e..o R - 6.2 B
Differeneet . ... [ A 12.5 132 B k12
! 4 boards,
38 bgatds,

540 ditTerences were slgnlficant ot the 0.01 lavel.
TEIHT1 O—B6—-2
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mcludes the solution coating the surface and entering trucheid lumens
exposed on the surface. Differences between sapwood wnd heartwood
also ure probably more pronounced with pressure treatments or long
sonks. Teesdule (.27} found that some heartwood samples reacted
like sapwood to pressure treatment.

SPECIFIC GRAVITY

Genernl experience with pressure freatinent shows no corvelation
among species between treatability and specific gravity (27). Within
a softwood species low-density samples often nre the most diflicult
to penctrate, although density per se may not be the determining fac-
tor.  When pressure-troated to refusal, low-deusity muterial usually
shows greater retentions than high-density wood. With dips and
short period sonlks, nbsorptions of several oil solutions by ponderosa
pina sapwood were found to vary inversely with specific gravity {(6).
This relntionship held for wood (renfed ut different moisture contents.
It was nlso refiected in longitudinal penetrations, bug laternl pene-
trations were too statl to show elear diflerences,

The studies reported here included only a few determinations of
the effect of density on absorption by southern pine. In two of five
frinks with wood from heterogencous sources, a wenk inverse rela-
tionship that was not statistically significant was vevealed.

In another friul, samnples were taken from the outer 1.5 inch of
sapwood of three longleaf pines at approximately 0, 10, 20, and 30
feet ubove ground. This procedure automatically gave a series of
specific gravities, because in southern pine density decrenses with
height in tree (/8).  An inverse relationship was again found (table
3), but it was neither consistent nor statistically significant. Thus,
even with wood of different ensities but taken from the same annual
rings in an mdividual tree, no significant correlation between nbsorp-
tion and density could be measured by the techniques used. The
data, although mconclusive, suggest that specific gravity is unlikely
to have a prackienl etfeet,

AIR-DRIED vs. KILN-DRIED WOOD

Kiln-drying pinewood causes resinous extractives to migrate toward
the surface ({5}, » process which probably reduces the effective capil-
lary cross-sectional wrea. With Monterey pinewcod, rearrangement
of futty substances during severe drying decreases permeability to
water but not to oils (70). Xiln-drying also tends to increase pit
aspiration {13. 24) and hence reduces permeability. However, Suth-
erland et al. (32) report that temperatures above 70° C. or intense
drying of wood cause & permanent increase in permeability.

Kilu-drying increased the absorption of an oil solution by pondeross

ine at three moisture contents below fiber snturation {7). Perhaps

in-drying temperatures, with concomitant uneven drying, open mi-
nute checks in the cell walls or enlurge the openings In pit membranes
and thus more than offset uny hindering offects.

In two tests, mutched air-dried and kiln-dried samples were com-
pared. Kilning was more severs (75° (. in a forced-draft oven) than
n commercinl iumber practice.  All swiples were conditioned to the
same moisture content before trentment. In general, kiln-drying
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incrensed absorption and penetration of the oil (table 5), but the
reverse was trne when water was used. These limited data swpport
Davies' finding (70) that ssvere drying changes penetrability but that
the cireetion of change muy vary with the type of liquid.

The end surfaces of fresh] y felled southern pine ooze oleoresin, which,
on drying, forms a pitch encrustation. During o 3-minute dip in min-
aral-spirits solutions, these encrustations prevented most end penetra-
tion. Genoral experience in treating fenceposts with cold sonks in
heavier oil solutions indicates that the effect is removed with longer
lmmersions.

WOOD MOISTURE CONTENT

With short-period scaks, absorption and penetration of oil sotu-
t1ons by ponderosa pine sapwood are inversely related to the moisture
content, both above und lLelow fiber saturation {6). Moisture con-
tents below fiber saturation had small effect on lateral penetration (6,
J0).

TavLe S.—Absorptions and penctrations of water and 5-percent pentachiorophenol
in mineral spivity for Kiln-dried versuy vir-dried pine sapwoad, afler S-minuie
dipy

Average nbsorptlon Avernge peneirotlon

Tost and treatment Grams per 100 s, em.
Gmms per End Lateral
sample

Lateral

Taat I:

Pentaghlorophenol:
Alredried ...,
Eiln-dried

Test 2:

Pantachlorophenoi:
Adrdred. s,
Kln-dried . ... ..

Water:

Adrdrled_ ..l
Klla-drled. oo ...l

*Signlncantty greater ut the 0.05 lovel,
**Signllicantly greater at the 0.01 level,

Ditferent moisture contents were tested.

In one rest, samples were cut from one sapwood board from each
of five longleaf pine trees; they were the kiln-dried at 70° C.
Matehed groups were conditioned over salt solutions until equilibrium
moisture contents of 12, 16, and 25 percent were renched. Ialf the
ronditioned sumples weve end coated and halt were side coated with
vinyl chloride.

In tha second test, all samples were from one longleaf pine tree,
The Tumber was surfaced green und seasoned in one of three ways:
(1) Immediate kiln-drying at 70° C., (2} dipping in a stain-control
solution wid partial air sensoning, and {3) the same treatment ns in 2
but with full nir-drying. When the samples aftained the desired
moisture contents, they were made into boxes nominally 3 by 8 by 12
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inches {J7}. A fourth group of samples was treated green. Ten
boxes of each moisture group were given a 3-minute dip in 4-percent.
sodium pentachlorophenate plus 4-percent borax in water, and 10 in
5-percent pentuchlorophenol in mineral spirits.

In both studies nbsorptions decreased as the molsture contents In-
creased {tables ¢ and 7). The udverse effect was most pronounced
at moisture contends above fiber saturation.

ROUGH VS. DRESSED LUMBER

Tu o small lnborntory test with water solutions of a sap stain-control
chemical, rough sumples removed 1.8 times as much solution from the
vab ws did planed sumples (40}, Presumabiy, the roughened surface
held more liquid on the surface, and some of this liquid later penetrated
deaper, thus influencing the degree of stain control.

Tants G—dAbsorplion of S-percent pentachlorophenc! plus a waler repellont
per 100 sq. om. of pine supwood at different moisture conlents below fiber
saturatioh during u S-minunte dip

Mofsture content when treatetd {percent) Throngh lat- | Through end
eral surfeces surfaces

Grams Qrams
R 0.16 172
mmmmmmmm——————— w—— 44 .58
- 13 1.54

TanLe T.—Effect of moisture content of pine gapiwood on absorption of 5-peroent
pentachlorophencl in mincral spirils and f-pereent sodinm penigchiorephencie
ping f-pervent boraz in waler

Absorption per box
Type of sensoning Molsture
gontent
ol Water
Percent drams Groms
U T e e e ————————— 119 1C
Partisity aic-teted 143 72 87
Fully alr-drled . 14 108 87
ok R T | 2 [ ix)

! With o woisture gradiont from outside (30 percent) to inside (65 percent).

In another test, 10 pairs of matched samples from seven boards were
dipped for 3 minutes 1n 5-percent pentachlorophenol in mineral spirits.
Bach pnir consisted of & rough and a planed sample. After being
dipped the samples were drained but not wiped before reweighing.
Absorptions per 100 sq. cm. were 2.80 grams for rough samples
and 1.69 grams for planed samnples. The difference, 111 20,161, 1s
highty significant and approximately as grest (1.7 as compared to 1.8
times) as for the water solutions {(40).

FUNGUS INFECTIONS

Fungus stains, except perhaps those developing in the living tree,
are generslly known to incrense the permeability of wood to Iiquids
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(20 and literature cited therein). Lindgren and Scheffer (20} found
that, with pine sapwood, different species of stain fungi increased
abserptions 1.2 to 1.7 times with a 30-minute soak and 2.1 to 2.5 times
with hot-and-cold or pressure treatments with creosote.

There is much less information on the effect of decay on permen-
bility, Scheffer (26) found that sweetgum that had its specific gravity
reduced 10 percent or more by Polyporus versicolor (E.) Fr. had a
slightly lower fiber-saturation point, a greater water-sbsorption rate,
and n greater evaporation rate.

Linﬁgren (19) reported that the mold T'richoderma viride Pers. ex
Fr. is particularly effective in increasing permeability to water and oil.

Blew (5) showed that in the cold-soaking process the degree of
general fungus infection markedly affects absorption by southern pine
posts.

Five of the current tests were on the effects of fungus infections.
All samples were fresh, green, southern pine sapwood treated and sea-
soned in different ways to secure the desired infections.

Naturnl infections were secured in three tests by dipping samples in:

(1) 2- to 4-percent sodium fluoride to induce heavy growth of
T'richodermaviride (19,85).

(2) 0.015-percent ethyl mercuric phosphate to induce heavy
growth of Penicillium (35).

(8) A double-strength stain-control chemical to prevent all but
small amounts of fungus infections.

The treated samples were placed in miniature enclosed sen.sonin%
piles (40) and progressively opened to aeration until seasoned. Al
Fnal preservative treating was done at uniform moisture contents of
12 to 14 percent.

Tor the fourth test, matched green blocks were surface sterilized
in boiling water, placed in sterile glass jars, and inoculated with pure
cultures of Cere ‘neystis ips (Rumg.) C. Moreau, T'richoderma viride,
or Lenzites saepioria Wuli. ex Fr. (representative stein, mold, and
decay fungi). Dilferent incubation periods were used to give samples
with high and low levels of attack. The blocks were finally air-dried
to 14-percent moisture before preservative treatment.

Tor the fifth test, only T?-a'c}:odewm-molded wood was used. Five-
inch-long sections from 10 molded fenceposts were split in half. They
were dipped for 3 minutes in 5-percent pentachlorophenol plus a water
repellent, Absorption by a radial surface was tested on one piece
from each post, and absorpiion by a tangential surface was tested on
tho other piece. The infected and uninfected posts were adjacent
sections of the same trees.

For both water and oil, all infections increased the absorption rate,
and most infections incrensed the depth of penetration (tables 8-11).
The effects of the different types of infection agree well with the known
eifects of the fungi on wood structures.

A olds.—Trichoderma wiride, which grows mors luxuriantly on pine
sapwood than any other common mold, markedly increased permeabil-
ity. In the fifth test, the ratio of radial to tangential penetration was
9.8 —significantly greater than the average for uninfected wood (ratio
1.6) as given in table 2, Apparently the effect of T'richoderma on

ermeability is ter in the radial than the tangential direction.
e pronounced breakdown of ray tissue by Trz'chogjrma (19) prob-
ably facilitates radial penetration more than lateral penetration.
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Penicillium grew less luxuriantly than Trichoderma and caused no
obvious breakdown of ray tissue. It had a less marked effect on
permeability.

TABLE B.—Effects of mold (Trickoderna) end stain on absorption and penctra-
tion of s-percent penfochloroplenol in minergl spirits, into pine sapwood,
during a 8-minute dip (test 1)

Absorption per sample Penetration
Ares Mold
Infectio stained rating 1

All Latera] Laterat End
surfaces surfaces surfaces surfBees

Grams Grams Mm, A,

3 514 5.3 30 110
Atadn e ae PR— m—— 324 .6 11 250
Uninlected 8.5 6.2 1,4 87

| D=none; 5= very lLsavy.
T Trace.
! Some samples were completely penetrated (12 mm. lateral and 140 mm, longitudinal).

TasLe 9.—Effeets of mold (Trichoderma) and atain on absorption and penelra-
tion of 3-percent peniachlorophenol tn mineral spirits and of water, pine sap-
wood, during 3-ntinute dips (test 2)

Absorption per 100 8q, em. Pengtration

Infection Araa | Mold il Water ol Waler
stained |rating !

Latersl| End |[Lateral]l End [Lateral Lateral] End
surfneos|sur; prl faces 1 faces|surinees

Percent Grams | Grams | Grama | Grams Mm, | Mm.
@} 6.2 4.5 4.5 35.0 3.4 218
69 2.0 2.2 20 0.7 . .4 8.6
Unlnfected..... ... {8 1.4 18.8 1.6 168.3 L .0 8.0

10=none; §=very heavy.
- Tract.
! Soine snmples were completely penetrated (12 mm. Iateral and 128 mm, lengitudinal).

TasLe 10.—Effect of the molds Penicillinm gnd Trichoderma on gbserption and
penctration of 5-percent pentachlorophenel in minertl spirits applied as a
d-minute dip and of water applied a3 a I0-minule soak o pine sapwood
{fest 3)

Absorptions per 100 5. em. Panetration

Mold ]l Water 15 Water
ratlog !

Lateral] End jLateral} End Lateral} End |Latcral| End

S1Lrfacessurl irfaces|surll [aces|sur faces|surfaces

Percent Grems | Grams | Grawns | Grams | Mwm, | Mm. | Mm,

Pealelllium, ... 0.2 1Lg .5 3.0 419 4.7 | 260.0 25
Trichederma.. 2.8 5.7 3.7 8.1 80.3 20,04 60,0 4.3
Unlnfected o 1.6 15.2 2.9 22.3 4.0 471 2.3

L 0=none; $=very heavy,
* Some samples were completely penetrated (17 mm. lateral and 84 mm., longitudinai),
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Tane 11 —EfJects of Tevel of infection by stuin (Ceratocystis ips), mald (Tri-
chodermu ), and Jeeey {Tensites saepiacla) en the absorption and penctration
of F-percent penlachloropkenol in mineral spirils, pine sapweod, during a
S-minnte dip {test §)

Absorption Penetration
per 100 sq. ¢m.,
Arpn Mold
Infeclion stoined raling !
Lateral End Lateral End
surfaces surfacus surfaces surfaoes
Stoln: Pereent Grama Gruma M. A,
) 5 - 11 S 35 0] 2.5 35.6 16,0 130
Honvy 94 m 2.4 36.0 110.0 13
Mold:
)T | 0 1.2 25 47.4 38,0 139
v Y e caaae Q 2.8 85,6 110.0 138
Doy
| T3 O 0 o] 25 35.0 ‘0.0 139
Henvy . 1] 1] 1.8 81.7 111.¢ 139
Uainfecled 0 0 1.4 23.6 3.7 138

L g=none; &= very benvy,
1 Traoo.
» Syma samples were completoly peneirated {12 mm. 1stersl and 39 mm, lengitudinal}.

- The increased end absorption associated with mold and stain infec-
tions presumably is due to enlargement-of the pit-membrane perfora-
tions by the fungi.

Stuin—~—Except for the inoculated samples, the stain encountered
in theso tests was caused by Ceratocystis pilifere (Fr.) C. Moreau.
In general, stain fungi in coniferous woods are more restricted to
the rays than are molds and decay fungi. Stainers do not cause as
great a ray breakdown as does 7'richoderma. The data on absorptions
and penetrutions of stained wood verify these points. The stained
samples, even when deeply penetrated, were not dyed as intensely by
the treating solutions ns was the wood invaded by Trichoderma.

In most discussions of the effects of stain on permeability of wood,
a reservation is made that stain developing in dying trees followin
beetls attack may net increase permeahi]ity. Nelson (23) reporteﬁ
that stain of the type associated with beetle attack in living shortleaf
pine trees caused stoppage of water conduction and that dyes would
not. pass through stained zones.

During the present studies, a few samples were collected from pines
freshiy killed %y beetles. The samples included wood infected with
Ceratoeystis ips, associnted with /ps beetle attack, and with ¢. minor
(Fledge.) Hunt, associated with Dendroctonus beetle attack. All the
wood was readily penetrated with oil solutions after air-drying. All
isolations attempted from stained woed from beetle-killed trees yielded
Trichoderma wviride. Nelson (£3) also found this mold commonly
associated with beetle attack.

Nelson’s data on occlusion were based on tests of wood stained by
artificinl inoculation and not by Dbeetles. Apparently, the stain oc-
curring in beetle-killed trees is nlso commonly accompanied by the
mold Zrichoderma and, at least after seasoning, the wood is readily
permeable to preservatives.

Decay—Incipient infections by Lenzites saepiarie incrensed ab-
sorption about us much as did stain. However, visible but not ad-
vunced decay increased absorptions as much as or more than did

762-874 O0—853-——3
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Trichoderma. Decny fungi, in addition to enlarging pit-membrane
apillaries, also bore directly through cell walls, thus creating new
capillaries. The decay fungus used in these tests makes Iarge holes
through cell walls and may have increased permeability more than
some other decayers would have. For practical purposes the big effects
of decay beyond the incipient stage ave lessened by the slow growth
of thesr {ungi. Except for localized pockets, advanced decay is sel-
dom encountered in wood being treated.

LENGTH OF IMMERSION

Initial absorptions with dip and cold-soak treatments of dry wood
are high (6, 9),fpmbably because of the initinl unrestricted capillary
action (57).  After this initial spurt, the rate of absorption decrenses
rapidly with increased immersion time. For treatments in which
no artilicial external pressure and little hydrostatic pressure are oper-
ative, the buildup of back pressure should be purticularly effective
n_decreasing the rate of absorption with length of immersion.

The relation of absorption to length of immersion was determined
for Internl and longitudinal penetrition in six tests with kiln-dried
southern pine sapwood. The data are summarized in table 12.

When theso data ave plotted on logarithiaic paper, the absorptions
for immersions longer than § seconds fall approximately in n straight
line. The aversge curves for the data from ull tests fit the following
exponentinl equulions:

Log lateral absorption= —0.38+0.19 log immersion in seconds,
Log end absorption=0.64+-0.18 log immersion in seconds.

The coeflicients of the log immersion times, indicating slope of curve,
show that lateral and end absorptions have the same relation to length
of inunersion and differ only in the amount of absorption. The end
nbsorption is about 10 times the lateral absorption per unit area.

In two tests the combined absorptions of laternl and end surfaces
were secured by using uncouted test blocks. Slopes of the curves
were flatter (0.11 and 0.14 log immersion time) than for lateral or end
absorptions alone {0.16 to 0.25 log immersion time), perhaps because
of differences in the rate of buildup of back pressure or other physi-
cal phenomena accompanying simultaneous penetration from both
ends and sides. The difference was further shown by two tests (see
tabulation) in which the sum of absorptions per block through the
ends and sides of matched samples was considernbly greater than
through ends and sides simultaneously.

In another test, the ends and radial edges of three matched groups
of flat-sawn pine sapwood samples were conted with vinyl chloride.
In addition. one group was coated on the flat surface towavd the pith,
one on the flat surface toward the bark, and the third was left with
both lateral surfaces uncoated. The pieces were dipped for 10 min-
utes in §-percent pentachlorophenol in mineral spirits. Average ab-
sorptions were 1.38 grams through the bark-oriented surfaces, 1.34
grams through the pith-oriented surfaces, and 2.18 grams through
both simultaneously.

The available data suggest that size of test sample may influence rate
of penetration. Therefore, the rates reported here should be con-
sidered comparative ratherthan absolute.
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At 12 - dbdsorptions of pentagchlorophenol fn mineral spivity and of roater,
with, curiony (mmersion periods, kiln-dricd ysoutlhern pine sapwond

Solutlvn & ] kil 1 | 3 I 1% s ]
secotidefsecond odalurbua tesinisuetedminuissiu i Lutes| hour

LATERAL SURFACES
(Urams per 100 50, ¢}

Pantachiorophenal... ... L1 T PR SRR J | PRI |1 PR 2.0
21T e mmmt e tae s i 2 PSRN PR camamamt 1.2 |1 T PR, P4 2.0
THI perain smmse oo menn FS- TN [PV VI, wmvm———— |3 [ |70 Rt 4 2.0

MPaatnehlioropienet play

water popeliend. .. 7 (R R P - -5 L3 |avnenva- iy f.4

END SURFACES
£ Oromes per 100 5.0 e}

!

Penlnciiorophencl. .., . 8.2 ! . l RPN (R 10 N 20,4
1M L e e e {193 2 RSPRRPNS JRY PRE 05 5.6 is.9
P, e e o e T T L .7 P2 15 &

Pyntachiorophenol ping

wuler repellent ..o oL . |0 TR, PR PP the PR %0 (R 17.8 4.2

LATERAL AND END SURFACES
{({ruang per dnmpte)

Pontaehioropbienol oo, o, odoe o0 Lo L I SRR R 58 8.8 1.4 -
Pantachioraphonol pus
watetr repeilenh. oo Lfee iaiafan ceeas T 4.9 Wl <7 I [N [ -
BT . e 0.7 1.8 A4 L7 S R R PR
¢t Eneh Oguce 18 o nverags of 10 samples,
‘Preatwrent Abagrpiion
Test 2
Teat &
3-minute dip Sminule df ftminute dip
{grams}y {prama (grome)
Bndcoated .. ... ... .o. 1.7t 0. 80 (. 8¢
Side vonter . ..o R, 1.7% .15 .95
Unconted....o - . auo 2,24 1.08 1,18
Compictety conted_ oL .. ooaoo- B

1n two tesls penetrations were determined for ditferent innmersion
periods.  Beenuse of the small Interal penetration rod the difticult
of measuring it sceurately, only end penetrations were considered.
Tho following equalions were determined for the average exponentinl
curves of the data:

Log end absorption=-0.38+0.22 log immersion in seconds.

Log end penetration = L0 +(.21 log immersion in seconds.

These data indicate a nearly linear relation between rates of absorp-
tion und average penetration, nt least when no disturbing elements
such as fungus infections nre involved.
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WATER REPELLENTS

Hubert (14) states that addition of water-repellent oils and waxes
veturds penetration and absorption. The type of repellent probably
is also influentisl,

In field tests (39), sxmples absorbed only 53 to 91 percent as much
pentachlorophenol plus o water repellent us they did the straight
preservative,

The addition of a water repellent reduced absorption {table 13),
but interference was less than previcusly reported (39), even though
the same solutions were used. In every case the water-repellent solu-
tion penetrated less laterally and longitudinally. The differences in
absorptions are partly masked by the somewhat higher specific gravity
of the water-repelleut solutions.

RETREATMENT

The effect of previously applied oil-carried preservatives on sub-
sequent oil penetration wasevaluated in three tests,

In one test, kiln-dried samples were immersed for 8 minutes in
dyed solutions of pentachlorophenol alone or with water repellents.
Three weeks later, after much of the solvent had evaporated, the
sumples were redipped in the solutions. Because dyed solutions were
used throughout, penetrations on retreatment could not be measured.
Consequently, only data on absorptions are presented.

The second test was similar to the first test, except that immersions
were for 10 minutes and the samples to be retreated were originally
dipped in undyed solutions. All retreatment was with dyed solutions.

IPhe third test was similar to the second test, except that the original
treatment wus & 3-minute immersion and the retreatment & 10-minute
sonk, and the interval between treatments was 8 months.

Resuits of all three tests ave given in table 14£. Wood treated with
pentuchilorophenol or pentachlorophenol plus a water repellent re-
sisted retreatment for & few weeks. Retreatment after 8 months
showed that only those samples previously treated with the water-
repellent solution were resistant, and even their resistance was not

great.
AIR TEMPERATURES

Most brush, dip, and short-soak applications of preservative are at
ambient air temperatures, and if the wood is to be painted the carrier is
unlikely to be heavier than kerosene. With light oils there will prob-
ably be little change in viscosity with varying weather and little direct
effect on absorptions and penetrations. Nevertheless, four tests were
designed to determine the direct and possible indirect effects of pre-
vailing temperatures in the Gulf Coast area. ) .

Tn the first test, pine sapwood was given 5-second and 3-minute dips
in 5-percent pentachlorophenol in kerosene., One group of samples
and the treating solution were refrigerated for 2 hours, and the other
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Taurk 13—Abyorptionsy per 100 square centimeters ond penciration of penta-
oltvrophenol and of pentaehlorophencl plus g water repellent in mineral spirits,
pire suptovod®

Tmmersion time In minates—
Jolution
3 3 3 3 5 0 10 i0 D
ABSORPTION
Loterai surfaces: Graws | Grams | Grams | Qrams | Grams | Gramz | Grama ; Grams | Grams
Pentachioropiwnol. ... .- ‘1.3 1.& - - [ S 1.7 1.7 -
Pentachloropheuo! plag
wuter ropellent ... .. L1 | P PR 1.2 |ameenaas 14 1.4 1.9
End surluces:
Pentachloropbenclo ... 120 )€ TN PR K ho A% T P A, *15.1 20.8
Pantacholorophensl
plus water rapeilent . | 0.5 il  LLN0  PR S 12.0 19,7
Tote! absorption:
Pentacholorepheael. o aeuae il )eaacaas 3.9 2.8 LS J SRR ST
Pentscholorophonol
plus water repellont . 1.3 b B R 4.2
PENETRATION
Lateral surfaces; Mm. M, Mm, | Mm. | Mm, | Mm@, | Mm,
Pentucholorophenol..... *3.0 -3 T R B N 1.8 4.2 44
Pentucholorophetol
plus waler repellont_ _ 4 - 1 PRI N *3 1.7 28 Jeacoas s
Eund susfaces:
Pentachiolotoplunol. .. 34 o N [ F b N B | *45,0
Pentacholorophenol
plus waler repelient_ .| 25 18 o Bl ST 3.0
I

¢ Each figurs is 111 avernge for W samples.
r3ignliicantly greater nt 0.05 lavel or better.

group and the treating solution were stored at room temperature (88°
i‘.) before dipping. Absorptions per sample were:

53°-53° F. 88° F. Difference

Immersion time {grams) (grama) {grame}
§ secontls_ _— -—- L9 1. 45 .50 =0.34
3 minutes___ - 2.96 1. 90 w36 X .08

*+Slpnitieant at 0.01 Jevel,

In the refrigerated grounp the wood probably had & higher temperature
than the solution, the effect being that of a mild hot-and-cold bath,
which wounld increase absorption. With the 5-second dip the sample-
to-sample variability was too great for a significant difference between
the groups. .

In another study, one group of pine sapwood samples was_dlpBed
for 3 minutes in 5-percent pentachlorophenal in kerosene during De-
cember, when the air temperature was 48° F. A mu.tched group was
dipped in May, when the air temperature was 77° ¥. On both oc-
castons samples were dipped after 3 or 4 days of fairly constant tem-
perntures. Absorptions per sample were 4.28 grams at 48° F. and
4,11 grams at 77° F. The difference {(0.17 =013} is not. significant.

In a third study, one set of pine sapwood samples was wrap ed in
moisture-proof paper and refrigerated at 40° F., along with sufficient



http:TAIJI.Jo

18

TECHNICAL BULLETIN 1334, U.8. DEPT. OF AGRICULTURE

dipping solution (5-percent pentachlorophenol in kerosene} for 30

days. The other set and treating solution were stored in the laboratory

at about 77° F. Both were treated at room temf)umture but before
v

the temperature of the refrigernted samples or so

preciably.
minute dips:
i
{grome)
Lauteral 1,43
End... 13. 80

§0° P,
{proms}
1.2
13,49

_ ition incrensed ap-
The nbsorptions {per 100 sq. cm.) secured were with 3-

Differencno!
{proms)

0.14 =0.12
.31+1.15

t Not algnifteset in either cose,

For the last study, ssmples from 10 kiln-dried boards and the treat-
ing solution (5-percent chlorophenols plus o water repellent in mineral
spirits) were kept at 80 22° F. for 16 days prior to treatment. Wood
tstmperature at the time of immersion was 80° F. Matched lots of
10 sumples were dipped for 3 minutes in the solution at 40, 60, 80,
1400, and 120° F. This resulted in the mild hot-cold and cold-hot treat-
maents likely to occur with rapid fluctuations of =20 and =40° F, in
air temperature. The curve of absorption versus temperature is es-
sentinlly a strnight line (fig. 1).

TABLE 4—Fffect of dips und soaks on subsequent treabmont of pine sapioood

ABSORPTION |
Laterad surfsees End satfoous
Origtunat and subsequant
trontinent pertods and orlel- Retruatmment with Retranlment witlh
pul trendinent solution
Origlnai Orlglzal
lrantment Pentachlo- | treatinent Pentuchio-
Pentschio- | rophencl Penluchio- | ropheno!
ropheno! | undd water rophenol | sod woler
ropellent repellent
443 inftrutes: Qrawms frams {rams Frama Qrems Grama
Tentuehioroplienel........ 1.4 0.5 0.4 1.8 2.6 2.0
Tentuehiorophenol pls
water repeblent oL L -] N ] b L7 1.8
HI-#F nrinnetos:
Pentochtictophenol__ . . 1.8 .3 3 4.9 23 2.3
Tentnchicrophoto! plux
wuler repeilent..... L5 s ] 13.8 L0 17
3410 mrinutes:
Fentuehlorophenol,, - .. 2.4 LA 3 R oo PO RO O
Fentachlorophenol plus
witer repellonto oo a2 L3 T PR, JEEORPRNRITY DRI .
PENETRATION
104 10 minutes: Mat. M, Mm, Afm, A, Mm.
Pentuchbropbenol.. . .. 4.2 1,2 12 2.6 4.8 8,4
Puntachlotophbiensl plus
water repoilento.. ... 4.3 "1 .7 24,8 38 31
34-10 milnntes:
Pentschloropienol... . ... 8.3 193] PR 380 37 |eeneccrrmnn-
Pentuchioroplieno] pius
witer repelfento .. 2.3 I D, 15.0 [ I S,

t Por 100 3. cm., except us noted,
1 Total sbsorptlons, grams per sampie.
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AVERAGE ABSORPTION FER SAMFLE (GRAMS}
1

40 Lolv] 120

&80
SOLUTION TEMPERATURE ([*F.}

Fravne L—Effect of temperature varintlon of a chlorophenol-water-repellent
sulittion on abserption by pine sapwond with a temperature of 80° K.

These four tests support the contention that temperatures likely to
be encountered in the South will have little effect on absorption
through changes in viscosity of treating solutions when kerosene and
mineral spivits wre the carriers. HMowever, the tests indicate that
the lower Hleat conductivity of the wood as compared to the treating
solution can appreciably affect nbsorption when temperatures fluctuate.
With a falling temperature, the wood may be warmer than the solu-
tion, resulting in a mild hot-and-cold bath effect and resultant in-
creased absorptions.  With n rising temperature, the effect is reversed.

DECAY PROTECTION STUDIES

Past experiments (4) clearly showed that brush, dip, and short-soak
trentments deo not afford sulflicient protection to warrant their use for
wood in contact with the ground. The current studies, therefore,
wore designed to subject wood to less severe decay conditions, ie.,
conditions more commensurnte with those on the exterior of buil&ings
where the hazard is created mainly by rain seepage. This purpose
required the development of the exposure techniques described im-
mediately below and illustrated in figures 2 and 8.

EXPOSURE UNITS

Step rail—A 10- to 12-inch length of 2-by-4 Jumber nailed at an
angle of 45° to the side of a 12-inch 2-by-4 post simulates the joint of
step rail to newel post. Rainwater, running down the top of the rail
nndd penetrating the joint, creates a decay hazard as high as any
assoctated with rain seepage. For exposure, the step-rail units were
nniled to the side of elevated pressure-treated 2-by-4 rails. This unit
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proved the most satisfactory for test purpoges because it has o high
decay hazard and is easy to construct and administer. Each is o
completely independent test unit.

Column.—A 13-inch 2-by-4 toenailed to the top of u 2-by-4 sill simu-
lntes the poreh column, which alse has o high decay hazard, Decay
developed somewhat more slowly than in the step rail-newel joint,
perhaps partly because the sills were of pressure-treated lumber. The
colwmnn tended to work loose from the sill. This unit was inferior to
the step rail and thus was used in only two studies.

Weathering wnit—2A 12-inch length of 2-by-4 nailed flat to a 2-by-6
g1l of the smme trentment permitted the easy exposure of many
samples. However, the individual 2-by-t's are not completely inde-
pondent, because decay developing in the sill may iuflluence other
smmples on the same sitl, and interfere with maintenance of the sst.

ey

S

'\\?,_ A\

F—505016, 505018, 543012, 605011, S05013, 6050LT

Fioure 2.—Installations for determining effectiveness of simply applied pre-
servatives: A, Step-rail jolnts; 8, simulated ammunition boxes; ¢, columns;
D, weuthering unity; B, part of the exposure nrea for a slep-rail study; F,
bourd unit,
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F-5050aT, S05008, 505000, 505014, 505010, 500010

Fraure 3.—Some demonstration units to show the effectiveness of simple pre-
servitive treatments: A, lixterior steps: B, M-22 pmmuaition shipping boxes;
€, siding panels; D, window shutter; B, large porch-flooring uuits; F, swmall
poreh-Nooring panels,

Board.—Twelve-inch lengths of 1-by-8 lumber are stacked on
edye on a treated table or treated sills. This unit was nsed primarily
to study methods of protecting inilitary ammunition boxes. Units

iven the sume trentment were stacked together, Border effects are
e, and this unit appears unsuitable for most studies.

Simulated bow.—Two 12-inch pieces of 1-by-8 lumber are nailed to
peripheral cleats about 1.5 inches wide, and & 84-inch hole is bored
throngrh each fuce board to aliow ready entry of water. Doxes were ex-
posed in tiers on treated sills; those in each tier were of the same treat-
ment. As with the board unit, the simulated box exposed in close-
stncked tiers remnins snturated for long periods nnd thus favors soft
rot over regular basidiomycete decny. This unit was used mainly for
simulating exposed ammunition boxes (7).

Demonstration units—Units of this class included steps having
carringes and treads of 2-by-10 humber und risers of 1-inch material;



http:ervnti.ve

22 TECHNICAT, BULLETIN 1334, U.5. DEPT. OF AGRICULTURE

2- by 2-foot units of porch flooring fully exposed ; 4- by 8-foot units of
flooring exposed under a roof edge; window shutters made of 1-by-6
tongue-snd-groove panels and 1-by-4 rails; and ammunition boxes and
siding panels. These units were used not only for demonstration but
nlso to study the behavior of treated wood under use condibions. Be-
cause of the difficuliies of matching wood among test categories and
of getting suflicient repliention, these demonstration uunits cannot be
recommended for most studies,

Most of the wood was southern pine snpwood purchased on the open
market. For somne studies other general construction woods were in-
cluded. Bonrds with appreciable stain, large knots, nnd other defects
were excluded.  Most of the lainber was kiln-dried, but some was air-
dried. When possible, the wood was matched among treatments; i.e.,
one ur two units from ench piece of lumber were included in each test
category. When the namber of treatments precluded such matching,
lumbor for units was partially randomized or matched by groups of
related treatments.

TREATING SOLUTIONS

Water rvepellents—The U.S. Forest Products Laboratory's formu-
lntion WR-7 was used with oil solutions in rail test 3, und in the step
test, wenthering test, and amrmunition box test. WXE-T cousists of 8-
percent methyl ester of hydrogenated vosin and 2-percent paraflin wax
(AMP 125° F.). The hydrogensted rosin is omitted when already
present in pentachlorophenol solutions. In other studies the water
repellent was a commerciz] concentrate or one in a ready-to-use water-
repelient preservative. The compositions of the commercial products
were not disclosed.

The repellent in water solutious was 4-percent paraflin wax added as
a 50-percent wax emulsion (37).

Ol solutions.—The toxicants were dissolved in—or concentrates
of them were diluted with—aliphatic mineral spirits, stove-grade
kerosene, or 1 No. 2 fuel oil sold for use in furnaces. Some specinl
solvents wers used for certain toxicants in the box study (57).

Pentuchlorophenol.—A homemade solution was used in ruil tests 3
and 4, the step test, lests of water repellents (fable 18 and “no water
repellent™ columns of table 19, p. 35), the box study, and the mold-
infection study (tuble 24, p. 41). The solution consisted of 5-percent
technieal crystals of pentachlorophenol, 8-percent methyl ester of
wydrogenated rosin, 43.5-percent. aromatic mineral spirits, and 43.5-
percent aliphatic mineral spirits. Commercial preparations were as
follows: n 2-to-1 concentrate in rail tests 1 and 2, shutter test, and
column test 2: a 10-to-1 concentrate in the weathering test, and tests
of dilferent oil carriers: and ready-to-use solutions in column test 1.

Copper naphthenote—A semiliquid concentrate containing 8-per-
cent. metallic copper unless otherwise indicated in the tables.

Creosote—AWPA No. 1 coal tar creosote.
Tetrachiorophenol —Technicul crystals.

Zine (‘Mm-e'(!e.—']‘echnim] crystals,

Phenyl mercuric oleate—A 10-percent concentrate.

The miscellaneous toxicants in the box studies are described in
reference 37.




PRESERVING WO0OD BY BRUSH, DIP, AND SHORT-80AK METHODS 23

Treatment was by immersion or two brush applications at air
temperatures, ufter the pieces were cut to size but prior to assembly.

The units designated us painted were given two coats of u titanium-
lead-zine oil pamt, and repainted at approximately H-yenr intervals,
The exceptions were the flooring and step units, which were painted
with n deck enamel, and the boxes, which were sprayed with a general
utility enmmel {T'I-E~k55b, Type 11).

EXPOSURE AND EVALUATION

The units were exposed at Saucier, Miss,, under partizl shade of
hardwoeod or pine trees.

Decay ratings, based on evidence visible on the surface, were made
annually, using the Lollowing scule:

{. None obvious
20. Discolorations suggesting {hai decay had started
0. Obvious deeay but limited toa sivadl nrea
60, Generul decny but unit still serviceable
80. Advanced deeny-—wood would be replaced prior to normal
repainting
100, Complete fuilure

Comparisons based on (hese ratings are not entirely satisfuctory be-
cause 20+, Hl-, or even Gt-rating decay can oceur without external
evidenee. purticulnrly in painted uoits. Most veliance in comparing
treatments should be on pereentage of fuilures, ie, proportion of

units with decay ralings of 80 or nbove,

A step-radl unit was considered to have failed when either the newel
or rail piece had n rating of 80, for failure of either piece destroys the
unit.  With poreh flooring panels and steps, each board was con-
stdered o unit.

At approximately 5., {0-, and 15-yenr intervals, 20-percent matehed
samples of step rail, column, and weathering units were removed for
nternnl exmmination,  [Mnits thus removed were ripped lengthwise
to expose a 2-inch-wide surface through the center.

The ratings were based on the cluss or stage of deeay and the num-
ber of area units oveupied by each clas,  Decay classes were assigned
(the tollowing values: 0, deeny not apparent; 2, deeny definite but
relatively light or spotty: 5, decay gencral but the wood still might
be serviceable: 1L wood essonfiandly destroved. Ten equal-sized area
units were designated on ench post or rail. To obtain the decay rating,
the numerical value nssigned the deeny class was multiplied by the
number of area units affected, and the tolal points obtained were
added.

Decay claax Area unily Fgints

0 4 0

2 2 4

5 4 20

Rating 24
Tn this example the rating is the point total, or 24. The maximum

possiblerating s 160 (10X 10). )

I'several euses where all units of o treatment had 'l":n](‘:d, the true
nyernge service life corresponded closely to the time required for 60
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percent of the units to fail. Therefore, averuge service life was de-
termined by plotting the data to determine age at which 60 percent
hind friled—or would fail. No determination was made unless at least
50-percent fuilure had occurred, except when specifically indicated
that the determination was tentative.

The results of the decay protection studies are presented in the fol-
lowing pages under the following nine headings. Some typical re-
sults ave shown in figure 4,

F—505008, 505005, 505004, 505003

FLaURE 4.—d, Wenthering units split after 7.5 years to reveal interaal decay in
samples given S-second or $-minvie dips in S-percent pentachlorophenal. B,
Lenziles sacepiuria fraiting on the surlace of a treated sample, indicating con-
siderable interior rot. €, Deeny in a column test revealed by splitting samples
aftor § years’ expesure.  In exncll group of three the left snmple was given a
S-minute sonk in 0.2-percent phenyl mercurie oleate, the center plece wis
wntrenled, nnd the right picee was sonked for 30 minntes in d-percent pentn-
chiorophenol. D, Rail vnits after 4 years” exposire.  The right unit was un-
trented ; the left unit woz soaked for 30 minutes in 5-percent pentachlorophenol.

TOXICANTS

The effectiveness of a preservative depends not only on its toxicity
and endwrnnee but also on the amount that enters the wood and the
distribution wifhin the wood. The wmount that enters the wood de-
pends on the volume of solution refained during treatment and the
concentration of the solution. The severity of the exposure and the
organisms present mmy affect length of service. Therefore, this dis-
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cussion refers only to wood given dip and short-period sosks and
exposed under the conditiop~ . these studies.

Cffectiveness wnder high hazard {table 15) —The ammunition boxes
in uncovered, closely stucked, outdoor piles {fig. 5) were exposed to &
high decay hazard.,  After 10.6 yenrs' exposure the only 3-minute dips
that had not failed when used on unpainted boxes were 5.0-percent
copper pentnchlorophenate tlone or with water repellent and 10-per-
cent tetrachlorophenol with water repellent. IHowever, the following
had high effectiveness ratings:

Copper naphthenate, 1.0 percent Cu when used alone, but not when
used with water repellent.

Copper naphthenate, 2.0 percent Cu alone or with water repellent.

Copper pentachlorophenate, 2.5 and 5.0 pereent alone or with wa-
ter ropellent.

Pentachlorophenol, 10 percent alone or with water repellent.

Petrachlorophenol, 5.0 and 10.0 percent alone or with water re-
pellent.

Sodium pentachlorophenate, 3.
water repellent.

In genernl, the average service life increased with incressed concen-
tration of the treating solution. In the box study the toxicants were
ab coucentrations usunlly veconunended and at half and double those
recommended. No usual concentration hus been set for copper penta-
chilorophenate, but this was the only phenol or phenate outstanding at
S-percent concentration. The other chemicnls required double con-
centrations for high effectiveness.

The following treatments were inferior, giving average service lives
of less than 10 years:

T

and 11.4 percent alone or with

Copper 3-phenyl sulicylate, 1.25, 2.5, and 5.0 percent,
Copper 8-quinolinolate, 0.15, 0.3, and 0.6 percent.
Orthophenylphenol, 2.5, 5, and 10 percent.

Zine ndkyl sulphonate, 2.8 and 5.7 percent,

Copper winmonium fluoride, 5, 10, and 20 percent,
Rosin amine-D acetate, 2.5, §, and 10 percent.

F=505000, BO4GED

Provke H—:1, Shnutated boxes of sap ghin after 6 months’ exposure. Those
given n d-mwinute dip in JH-nercent pentachlorophencl with & water repellent
are free of decay ; those left untrented are heavily decayed by Polyporus versi-
volor. I, Roxes after 3 years' exposuce, frown left fo right: Untrested, 3-
minule dip in S-percent pentachiorophienot with a water repetlent, and $-minute
dip in copper unphthenate (2 percent Cu}.
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Most treabments were intermedinte bebween these two groups and

performed satisfactorily at some concentrations.

Even some chem-

teals listed as inferior were fairly satisfactory at some concentration,
but these were not always the highest concentrations.
variability may have been due o bovder effects, as where a treated unit
was touching nn untreated control, or to the uncontrolled and unknown
variability nmong the commercinl boxes.

Some of the

Tapli 13.—Efectivences of preservatice treatnienis in preventing deeay of un-
painted AM-22 bores wnder severe ceposure for 10.6 years

Treatuwnt

Solutlon abserhed
per cubie font

Avornee service
ilfe 1

Ol solutions, 3-tninule dips:
Cuopper nuphithenate:
0.5 pereent Cln oo aeas
LA pereent Gl oo aoes
20 pereent Cuoo oo
Copper pentachlorophenate:
25 pereent. ..., s cmmasaae ]
LI T 40T | | RSP
Copper 3-pheny? salicylale:
125 pereent s e
S peret . e
STl e aeaa
Copper Squinglinolate:
0,15 pereent_ e
03 PereUTLe oo e e
LR EN I RSP
0.3 pereent <+ 0.5 poreent gamins
BIC
Crthophenyiphenol:
.5 peroent .
5.0 percent. ...
10.0 percent
Pentnchiorophenol;
E 3 G 1 | S
5.0 pereent. .
10.0 percent..
50 ncrcul.lt + 0.5 pereent gummu

Phenyl mercuric oleate:
CAS peretnt oo e memaes
.3 pereent.
0.4 pereent
Rosin amine-1 pentnchlomphenat&
A IR o111 1 L | A
5.5 prroent.

Zing nlkyl sulphonate:
2.8 percent.
5.7 pereent. o
Zine pophthenate:
0.5 prreent 2B, . oo cenmenaee
L0 pereent Za.. .
2.0 pereent Zn. ... ... ._.._I

Bee foctnotes ut end of tahie.

Water |No water
repellent | cepellent
Pounds | Pounds
L0
1.2 L2
.9 1.1
T 2 P,
L2 L2
L2 |eas
1.1 1.1
1.2 1.1
J: N I
1.1 Lo
2 L0
.......... .9
JS: N IR,
1.1 1.0
1.0 1.1
| R P
11 1.2
1.3 1.3
.......... L1
L0 | oees
.8 R
.9 .9
) U+ [ PR
1.0 1,1
1.0 L0
j A U P,
1.0 1.1
1.1 L2
| I
| U 1 PO
1O e eee
0 L0
L0

Water [No water
repellent | repellent
Years Years
- AE N
8.8 10.9
10.7 10,4
T {emmaameas
{28} 33}
- 553 P
6.6 6.6
9.1 8.7
B2 |coeereenan
7.6 9B
7.4 7.5
__________ 4.7
3 I,
6.2 4.5
71 4.7
50
0.7 9.9
10.4 1.3
__________ 10.6
A -
B2 10.2
9.5 9.8
LN 7 T
8.4 8.7
8.7 IL3
8,2 |emermmeens
0.0 10,0
(33 10.7
7. 3] PR
-5 (A,
8.2 |
8.8 7.3
o1 10,2

Ralutive
etfectivencss ?
Water |No water
repellent | repellent
3 P,
2 3
3 3
3 DO,
3 a
3 D,
1
3 4
2
2 2
1
.......... 1
) A P,
1 1
1 1
3 [
2 2
a 3
__________ 3
) I P
2 2
z 2
N [
2 2
2 3
N .
3 3
3 3
1
2
2 e
a 1
2 3
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TARLE 15.—Bffectiveness of preservative treatmenis in preventing decay of un-
painted M-22 bores under severe exposure for 10,6 years—Countinued

Solution absorbed Averags service Relstive
per cuble oot It eflectiveness 2
Trentment

Water (No water; Water |No water|] Water [No water
repelient | repellent | repelient | repeilent | repellent | repellent

Water salutions, 3-mngta dlps:
Copper amuronlum Aueride: Pounds Years
5,0 percent
10.0 percent_. .
0.0 pereentee e ian s
Rogin awmine-1) scetate:
2.5 perovnt.
5.0 pereent.__.
10,0 percent.
Sodlum pentachlorophenate:
2.85 pereent,

2.0 perosnt 4 borax, 3.0 percent._.
4.0 percent 4 borax, 4.0 perpent._.
Sgdium tetrachiorophonate:

Ol aotutlons, pressund treatment:
Pentachlorophenal, 5.0 percent

Water solutions, pressure treatment:
Copperized chromated rine ohlorlda__ , o]
Tanalith . , . {22}
Celcure , {6

t Time requited for 80 percent of samples to fail. Flgures in parentheses are percent of fallure for treat.
menta for which average service Hfe 1s not determinabie.
* Relatlve efectiveness scale:
1. Aversge sergice 1lfe less thun 1.6 timea that of untreated,
2, Average service life 1.6 to 2.0 times that of untrested.
3. Avwerage service lifc niore than 2.0 thmes that of untreated.
1 Expressed as pounds of dry salt,

Effectiveness under moderate kazard—The units under moderate
hazard were fully exposed to rainwetting, but to promote drying be-
fween rains, the piles were made small enough so that each unit was
exposed at the edge. The studies under this category varied as to
toxicant, water repellents, painting, and length of immersion, each of
which atfects length of service.

Tables 16 and 17 show amounts of decay at the last reading of each
test. The relative effectiveness of the treatments is shown in figures
6 and 7.

Each group in figures 6§ and 7 was comparable as to wood, exposure,
treating time, and the presence or absence of painting and water repel-
lents. They therefore indicate relative effectiveness of the toxicants
at the concentrations listed. On the basis of the data in these curves,
phenyl mercuric olente and zine chloride appear unsuitable for surface
treatments and will be given no further consideration. Five other
toxicants warrant comment:

Copper naphthenate.—When the studies were started, 0.5-percent
Cu was the commonly recommended concentration for this chemical,
but it proved inadequate even when applied as a long soak that gave
an absorption or 4 pounds per cubic foot. At 2-percent Cu, copper
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Ficure 6,—Effectiveness of toxicants in preventing decay in unpainted weathering units.
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FIeUre 7.—Effectiveness of toxicants in preventing decay in painted weathering units.
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naphthenate was satisfactory. Under high-hazard conditions {table
15}, 1.0-percent Cu guve protection as good as that obtained with
5-percent pentachlorophenol.

Takiy 10—Effectiveness of brush, dip, and soak treatments with oil-carried
presereatives in preventing decay of pine sapwood exzpossd off the ground
but subject o rain seepage at joints

Type of test, preservative, snd length Condition of
of exposire lumber when
treated

Rall test 1. 20,1 years' exposure: Kiln-dried, bright.
Fpercent pentachierophenol in kero-
e Perceni
PR T B [ o
30-minnte seak
$o-minate scak
Yatrested ...
Hall test 2. 183 yeurs® exposure: Alrdried, 5 per-
5-parcent pentachiorophonol in kero-
sene
30-roinute sosk,
2 Lruat conts.
miomo soak .. -
2 Lrush costs, .
Untrented.
Do, - et A v m—————
Rall test 3, 13,9 yoars' exposties: Purtlally kiln-
5-percent pentuchlorophenol in mlun. dried, 8 percent
eral splrits:
Froinute dip,.
End dinside brash,
Spercent pentuchloreplienci4water
repellent in minersl spirits;
Fmlnute dipa.a ... ————
B dip+4side brugsh.
Untrented .
Columzt test 1. 19.0 years® expostire; Alr-dried, 8 per-

Speroenl pentachlorophencd in kero-
sene. JF-minuta soak,

S-percent  pentschlorophencl-twater
repelient I minersl splrits, 30-
mbnute soak

Haut

Column test 2. 108 years' cxposure: Probably kiln-
Spercent pentuchlorgphena| in kero- dried, bright,
senw, 30-1ninute soak
0. 2-percent phenyl inercuric cleate in
keroserte, 30-mioute soak,
Usttrested
Shutter test, 19.0 yours' exposure:
S-perceni pentachloraphienot D kerc-
sene;
36-minuts scak.._,
f0-minule scak
Untreated

Zee lootnotes at ensd of table.
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TAsLE 18—Efectiveness of brush, dip, and soak ireaiments with oil-carried
preservatives in preventing decay of pine sapwood exposed off the ground
but subject to ruin seepage at joints—Continned

Palnt- | 8olu. ; Aver- Aver-
Type ¢f teal, preservutive, und leogih Condltion of edafter | tlon age |Propor-| Bge
ol expoaure jumber when treat- i ebaorb-] decay | tion | service
treated ment | od per |rating!| lled 1§ Lifad
cu. ft.
Flooting test . 118 yeary' expastire: Kiin-dried, {race
S-perocunt pentschlerophenol in mlau- of staln.
eral splrits: Pounds Percent| Years
Jaminuto dip Yes .48 4 L T
Fmnute dip et ceaan Na 82 )7 T S
S-percant  pentoachiorophencl 4+ water
repollent {n inlnerul spizits:
KE NTER] TR H] o B8 £ T Jammmmae
S TTEESTT 1.4 5 T R IO -+ |+ S PP 68 b2 ) T,
Utttrented, phadn folnts | YES | 160 1e0 3t
Fiporiny test 2. 198 years' exposire! Alr- ned kfln-
S-percent pentschlorgphenol Inonlu- drled, 8 percent
erai splrits: statn,
demdnata felidength dipo oo Yeg 2,30 H 2
Bminute end digs .o . . dowves oL 100G 100 8.0
S-percent  pentachiorophenol-+water
repellant i minerod spirity-
3-minute I)k-length dip 151 8 . 30
Sminmtaend dlp. .o Y s 100 100 3.7
Untrested, leaded jodnts_ . 100 106 &0
Uutregted, plaln olnts oo oo ons 100 100 .9
Brep test, 4.0 years' expodura; Partlally kiln-
drled, no staln,
Mght mold.d
Spercent  pentachiorophenol-twater | .. Yes [y} 58 ' IR
repelient in mlueral splrits, daninnta
dip.
Untregbed. el Yes  |ooeeeoas 100 m &0
o T, - R I [ T A, 100 100 45

1 On u Lasis of @ {none) to 100 {(destrayed),

t Deeny ratings of 80 or sbovo.

¥ Tlme required for 60 peroent of the ssmples to fail.

¢ Not determine,

3 Decay Hmited to top 0.5 lnel under the unpatated exposed end surlsce,
¢ Lumb er wos wetled by rolu in transit and molded durfng redrylng.

Copper 8-quinolinolate—This materinl is not promising, but until
further datw are available its relative effectiveness will be uncertain.
Because of low toxicity to humans, it is one of the few preservatives
generally accepted for use in refrigerators and in other places close
to foods.

Creosote {No. 1 AWPA).—Creosote indicated little promise as 5-
second or 3-minute dips but gave good protection when applied as &
12-hour sonk. Its odor, color, and lack of paintability limit its utility.

Pentachlorophenol —Atb the usually recommended concentration of
5 percent, pentnchlorophenol was in the highest protection closs.

Tetmcfz;orophenoi’.—Except. in mixtures with other chlorophenols,
tetrachlorophenol is seldom used for millwork or construction lum-
ber. At 3-percent concentration, it compared favorably with penta-
chlorophenol. Because of this and the ease with which it can be dis-
solved in the common petroleum oils, it warrants further consideration
for dip and short-soak trentments.
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PasLe 17.-—Efcctivencss of dip and svek trecalments on southern pine sapwond
and hearlwood weathering unite after 15 peary’ coposure

Averago servlec [lfe
Sotutlon absorbed
per eubie foot
Unpatnred Paloted
Solvent nod chenien) Cezcen-
tratlon
5 3 s | 3 5 3
secomd { minnte] Soak | see- | min- j Sosk | see- | wnin- | Scak
dlp dip ond | ute ot | nte
dip | dip dip | dip
Snpwowd:
Keroseme: Fereent | Powsidsy Potendap Pounds] Years | Yeurs| Years| Years) Years| Years
Pontachivrophenol ..y &0 07 1.8 421 87| 14,0 (& 13,8 | (B} ()]
[ 10,0 .7 1,3 .7 7.5 |{a3) [ (1) TR P (RO
Fentnchloropinenol
with water jepelfent | 5.0 .7 1,2 4,7 [ 12,8 ¢ 1A L1} I R R R
Potruchlorophenel .| &A@ B 1.2 3.0 T.AL G| (B 2 {0} 6]
Phenyi mmerearic
alente. .. . ... L85 .7 i1 ¥ 5.1 LI 30 [ 1 . I TSSO U S,
Copper guphihenmnte ] 5 (o R 1.1 4.1F 48] 46|80 153 144 {m
0. oieeeean, 2.0 Cn 3 L1 641 R3] SO0 [oanifonenntea
Mineral spdeits: Penta-
ciloraphene!. . . o.....1 4.0 [ [T I 2N S S S PR
Mo, 2 {uel oll: Penta-
ehigrephanel.. . ........| 50 L2 I 0 T P T S SN S
Water: Zlne eliorkde ... 5.0 1.2 TN [ S 920 -
Mo solvent:
Conbibr creosole, .0 . . ... Li L4 57 4% 6.1 (B) -
Nocbembeal .. ofeiri e aaaas (R RS B N ¢ I SR | T2
lieartwood;
Rerasenie:
Pentachioroplienol.... L 14,90 |.... () I P
Copper unpiitlcnata, JA& B LA T R P L€ 5 T I,
Ng solvent:
Coul-tir ereasote. . mdevmmmmeeealoaeaaaas |9 I SRR I 13.6 |amene s
Nechemfenl, oo oocicreeee e it e e e 0 God [emmnam

¥ Piowe required for 80 peroent of Lhe satapics to foft (Le., have decay ratings of 83 or more). Figures in
purenlivwses indieste pereent of fsflures in the better treatments for which average service Mfe lias oot been
cdetermined, )

LENGTH OF IMMERSION AND DECAY RATE

["nder the severe exposure of the ammunition box stndies {37}, there
was little or no correlation between decay rate and immersion periods
of 3 seconds to 10 minutes,

In the studies with simulated building structures, essentinlly no
decay hasoceurred in units soaked for 15 minutes to 1 honr in 5-percent
pentachlovephenol or copper naphthenate (1 to 2 percent Cu} and ex-
posed for 8 to 20 yeurs {lable 18). Material given & 3-minute dip in
the better preservative solutions has developed apprecinble decay but
will have an average service 1ife of at least 7 to 15 years when exposed
unpainted and well over 15 years when painted {fig. 8). Even the
units wiven two brush coats of preservative and subsequently painted
are more than 50-percent servicesble after 18 years.

Saveral compurizons were made in the weathering study {table 17).
With creosote, phenyt mevcurie oleate, and the lowest concentration
of copper naphthennte, there was lirtle difference in the effectiveness
of 3-second and 3-minute dips in either the painted or unpainted series.
Only when the treating time was raised to about 12 hours was ap-
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¥=503401, S0A002

Maure 8—4A, Porch Hooring after 5.0 years' exposure. The left seven boards
were dipped for 8 mlnutes in §-percent pentachlorophenol plus a water repel-
lent : the next three were unteealed ; and the next seven were given g $-minute
end dip (7 inches) in the pentachlorophenol-water-repellent solution. B, Win-
dovw shutters after 1. years' exposure: Left, untreated unit; right, unit
gonked for 15 minutes in G-percent pentuchlorophenot.

preciable protection provided. With the better preservative solutions,
the 3-minute dip was appreciably more effective than the 5-second
dip—particulurly when the snmples werve subsequently painted. In
the unpainted series, the only 5-second dip aﬂ'oming good protection
was S-percent pentachlorophenol plus a water repellent. In the
painted series, all three solutions used ns 5-second dips gave good
protection.

Thus, the degree of protection expected from different immersion
periods depends on several variables: The severity of exposure, the
presence or absence of u water repellent, and whether the wood is sub-
sequently painted. In addition, the length of service desired will in-
fluence the kind of trentment needed.

WATER REPELLENTS

Whater repellents probably are beneficinl mainty because they reduce
wetting. They also lessen surface checking (22) and possibly the loss
of preservatives throngh volatilization. Both checking and volrtiliza-
tion are particularly serious with dip treatments which impregnate
only a thin surface Inyer of wood. On the debit side, water repellents
may lower decay protection by hindering absorption and penetration
of the preservative,

TTnder the severe exposure of ammunition box storage, water repel-
lents significantly reduced rainwetting for severnl months (37}, but
the boxes grudually became wet and then vemnined wet for long pe-
riods. The highly effective water repellent WR-T had no consistent
or important etfect on the decay rate or average service life (table 18)
of nnpainted boxes.

The effect of » water repellent on the decay rute of treated wood
was determined in seven studies under less severe conditions than in
the ammunition box exposures. )

In four of the studies in which the test samples were painted with
an oil paint, the water repellent did not improve the performance of
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S-percent pentachlorophenol (table 16). The treatments counsisted
of o 3-minute dip, & 30-minute soak, and a 3-minute end dip plus
brush treatment of the Interal surtaces.

In the fifth study with painted units {table 18), water repellents
reduced the decay rate of wood given a 3-minute dip in copper naph-
thenate, peutzurh{om shenol, and phenyl ineveurie oleate.

For the sixth Stu(&y, unpainted simulated boxes were exposed in
snuller, norve open piles than in the other Lox tests. ‘I'he purpose
was to bhasten deying between rains (fig. 28}, The results ave given
in table 20. The two water repellents without n preservative in-
creased the svernge service life of untrented wood from 5.0 yeurs to

TanLe 1K-—Rfeel of water repeiients in preservatives In presenting decay in
uupainted gmmunition bores

Solation sbsorbed Average service lie?
per cubie foot
Toxleant, concentrallon, nhd type of freatment

Water No water Wuter No water
repeilent repefienl | repeilent repeliend

Ol sojutions, Fminute dips:
Cupper usphibhenalar Founds Pounds
1 pereent Cu . 1.2
2 pervent S .oaaas 11
Copper pentuchlorophenate, b 1.2
Copper 3phenyl salleylate:
2.5 percentd_ . 1. 1.1
Spercent. ... .a-.. .2 1.1
Copper Squinniinoiato:
0.3 prrcenit . bt 1
0.8 purcent_. ., - L
Minerad splrits (aliphatic). .
Orthophenylphenal;
5 percent
10 percesit
Pantuchloropheiot:
Spereent el T
10 percent
Pheny! imeccurle oleata:
0.3 percent, . ...
0.8 percent ... cmememeaaa
Rostu smilne-D pentuchlorophienate;

5.5 percent
11,0 percent
Tetrschiorophenoi;

5 percent
10 pereent ... . (33)
Zine naphthenale:

1 percent Zn

2 pervent Zn
Waler solutions, 3rimite dips:
Copper amtmonium Nuorlde, 10 percent 8.2
Sodfumn pentachivrophenate:

B.7

8.8
9.1

10,4
2,0 percentborsz, 2.0 percent H .6 . 9.5
Sodlum letrachiorophenate, 5.7 peroent. 1.7 . 10.8
O1il solutions, pressure treatments:
Pentachlorephenol, 5 pereent 5.6 . (42} {42)

I'Time required for 60 percent of the sumpies to lodl {i.e., reach decay ratings of 80 or more). Figures in
parentheses indicate percent of failure for the better treatments for which sveruge service lile has not been

determined.
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5.9 und 6.2 years. In 10 of the 14 comparisons, addition of a water
repellent {o the preservative slowed the rate of decay. This was true
for the relatively ineffective preservatives—0.835-percent phenyl mer-
curic oleate, copper naphthenate (0.5 percent C-Eil), and 0.3-percent
copper 8-quinolinolate-—as well us for the better ones.

TanLs W—Decay ruatings ' of pine rail unils given g 3-minute dip and then

puinted
8.5 years' siposure 8.3 years' s1pogure
Toalennt No With water repelient No With wuter ropeilont
water waler
repilent tepeliont
WHR-Y | No. lt]| Ne, 21 WR-T | No.it| No. 2+t
Copper naphihennte:
Obpereent Con . Lo L. L. L3 N 0 4] o 2 IR, 1l i8
LOpereent Coo. . L. L 5. ..., 0 [ 17 loeevmea ki 40
20 percent Caa. . L. L 2. 1] Q 20 ianea.. b 5
Pentuchlorophenol, § percent .. H [ SO 21 L T S
Phiens!  cmerenrie  olente, 845
pereent . . .. o L. L. [£3] IPUUUN |11 F I8 foerrmnn f. 3 I,
Unlreste oo o0 0 L L | T SR I 531 SR P IR

* Oy posenbe of 0 {poned to 100 (destroyed).  Eoch tigure {s ant avernge for 5 rulls plus 3 posts removed ondd
tisseetidd,

¥ Cotmingrels) repellents of undlsclosed compesttlon.

U Trace,

_The addition of a water repellent signifieantly incrensed the service
tife of unpainted wenthering units treated with 5-percent pentachloro-
phenol {table 17):

S-accond dip 2mninule dip Long scak
{yearz) {years}
Withont water vepellent_________. 6.7 11. ¢ {*}
With water repellento .. 128 15.1 {*}

¥ No futlures 1o 13 years,

In the other study with unprinted flooring units (table 16}, the
water repellent did not incrense the effectiveness of 5-pereent penta-
chlorophenol. Bevere checking occurred even in the fHlooring with
the water-repellent treatment.

Thus, oun the basis of decay control alone, the added cost of a water
repellent cannot be justified for wood under severe exposure—as am-
munition boxes in tight, uncovered. cutdoor piles in areas of high
rainfall. Iowever, water-repellent preservatives are recommended
for ammunition packing boxes {$7) on the assumption that most ex-
posures, particularly in pencetime, are for short periods, as during
transportation.  Under these conditions the water repellent is highly
cffective in preventing rainwetting, and thus reducing the handling
and shipping weight.

The simulated building units are subject to a lower decay hazard
than is a pile of ammunition boxes, but to a ter hazard than
for exterior wooadwork of a well-designed building (36). In most
studies with simulated building structures or exposure units with
similar hnzard, the water repellents significantly increased the efficacy
of the preservatives when the units were left unpainted. Since this
was true for the highly nonvolatile copper naphthenate as well as
for the more volatile toxicants, the salutary effect probably was re-
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duced surface checking or wetting. The lessened beneflits when the
trented wood was subsequently painted also suggest that redueed sup-
face checking was n likely cause.

TAKLE 20.—Effect of water repellents on the decey rale of simulated booes, pine
approood, piven S-minule dips and coposed anpainted for 8 years

Selutlon ahsorbesd 1 Proportlos falled 1 Average service ILfk?
Toxleants {appiled as
3-mluute Wpa) No Ne ]
water [ WRIWR | Wi |water | WR | WR | WR | wuter | WR | WR | WR
repel- 1 2 3 | repel- i 2 k] repal- 1 2 |
jent lent lent
Phenyl mereuric grama |gromalgramajgrams) el § Pel. | Pet. | Pet. § Yre. | Yra. Y, | Yra.
oleate, 035 pereent. .. 86 78 [T N P, 100 BO 30 |-—ns 6.2 8.0 () |eaoaaa
‘Tentachlerephenod, §
POTCENL e e en| B4 84| GO} 0 o 0 0 gl o | @ w]| @
Copper naphtienate;
0.5 pereent Cu.. .. -+ 20 R 84 8 100 |-eeeea 20 40 5.7 |-eae- 0] 4]
1.0 percent Cu.. .. B2 (... as| o .11 N I 1 n| 8% W | o
2.0 pereent Cu..... [y - 85| 108 [V P Q L0 B L R T, %) {1
Copper S-qulnolino-
inte, 0,3 pereent. .. .. 3 T - BE [L.o... 100 |aaes 10 |.eme. L35 N PR LT IR
Copper 3-pheny!
saljeylate:
5 percent.coon —uan 1 e |-, 30 |.....- W0 |ennane [ L) T (R L) I (R
5 percent ¥ . Wl oefeeoea| 14 1] Y F— 40 [ L) T O PR 0]
Untrealed o ooaooieans 0 34 .1 I IR 10 100 100 [aaenn 5.0 b5a 8.2 |.o.an

I WR-1 was WR-T: WR-2 wns & comiperclsl concentriste; WER-3 Included resdy-lo-use salutlops of
wauter-repelient preservatlves.

t Samples with deeny ratings of 80 or above.

| Time required for 80 percent of sutnples to fail.

f Average service life hus not been determined for these trestmenls, bt It exceeds 9 yours.

! Commercln} ready-to-use solutlons.

Apparently the uscfulness of a water repellent is inversely propor-
tionn! Lo the severity under which the treated wood is exposed. Under
the maderute to low decay hazard of most siding and exterior trim,
a 3-minute dip in n water-repellent preservative 1s highly elfective in
preventing ramwetting (38). There is little doubt that the main etfec-
tiveuess of the treatment nrises from the repelling of rainwater and
that the preservative is merely an added safety factor.

SUBSEQUENT PAINTING

Good maintenance of paint films often is advocated for the preser-
vation of exterior weodwork. Paint reduces such weathering defects
as grain raising and checking and prevents rain seepage into
the painted surfaces. However, paint only temporarily seals joints
{38)—eventually water will enter joints unless the wood is protected
from rninwash. It is this rain seepage at joints that results in most
decay of siding, trim, and other exposed woodwork. Moreover, once
wood is wet. print greatly retards drying, and thus, under some con-
ditions, may increase the decay hazard. If the wood is treated with
a preservative, paint may reduce the decay rate by preventing season-
ing checks through which rain and fungi can penetrate the treated
shell, nnd by reducing loss of the preservative by evaporation or solu-
tion in cainwater.
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To determine the effect of puinting, some untreated and treated
sumples were painted, und others were left unpainted. The results
nre summuarized in tables 21 and 22.

Paint had no clearcut effect on the decay rate of untrented units—
deciy was less in four compurisons and more in two. None of the
differences wore marked.

Paint definitoly enlunced the eflectiveness of the preservative breat-
ments. 1n 16 of the 18 comparisons with ammunition boxes (table
21), less decay occirred in painted boxes, though many of the dif-
Terences were small in terms of nvernge service life. Because the decay
hazord was very severe, the results for 5.1 years are probably more
applicable to exterior woodwork of houses than ave the service lives
bused on longer exposures. Decny was first obsorved in the exposed
tops of boxes. Unpainted boxes developed multiple sensoning chlecks
through which wator and decay fungi could penetrate into unireated
wood ; printed boxes were largely free of those checks nfter 5.1 years.
In most cases the puinted boxes had appreciably less decay at 5.1
yeurs.

Taue 21 —Effect of two coalz of paint, applicd efier treatment, on raie of
devay of M-322 bores

Proportion fatled ulter Average servica lifa?
5.1 vanrs |
Trontment (3-utlnate dips unless noted)

Painte? | Unpainted | Palnted | Unpaloted

04l solutions:

Copper naphthenste (L0 percest Qudtwater | Pereent Percent. Yearz Years

mepeitent 1} ¥ (33 8.9
Copper Z-phepyl salleyinde, 2.5 percont-f-water

[ TR SN 0 42 {33} 6.8
Cojiper S-quinclinolate, 8.3 pereent-bwsler repel-

L SN 8 8 8.7 7.8
Mineral splrits (niiphatie), 100 PEreCnte .| 33 687 6.8 4,7
Orihophinyliphenel, 5.0 pereent-+-witer repetlent_.. ) 7 0.1 8.2
Pentachiorophenet, 5.0 perccut+water repollent 1] 5 {33 o8
Phenyl mwercurio oleaie, 0.3 percent+wator repei-

18I, s vemimie v ves e thdmrmm e mana] o 25 10.2 8.2

Produel contaliting 23 percent ring nonphthenate,
2.5 percent {covo} dodecylminine sall of teira-
ehlorophenod, and 255 percent water repalient,
BT B U T iy 25 &0 7.3

Hosin amine-D pentschiorophenste, 55 percent

lus water repelient, . . V] 17 10.3 8.6
Zinc uiky! sulphionate, 5,7 percont4-water cepellent.. 8 33 10.0 8.2
#ine naphthenate {1.0 perccnt Zin)4-waler repellent, 8 17 8.8 8.8
Water repelieat {10 percent SOFYS) o meence e amaamaa 8 45 0.7 7.3
Water solutlons:
Copper prnmonium fluorlde, 100 pereent ... [+ 17 10.6 8.9
Rosln nmine-IY peotnte, 5,0 pereeittoo....- 25 17 .5 7.3
Sedinm pentsechiorophenste, 5,7 percont ¢} 8 {33} IL2
Soclhium pentoctdoroplennte, 2.0 percent--borsx,
KA oL 0+ Y [ 17 (25) 8.8
Sotlium tetraclidoronhionate, 5,7 peroent.. . .eeceen. [t} ] (i7) w2
Ol solution: ! Pentachiorephienol, & percent | 0 g (8) (42}
L s} Bl .4 5.0

1 Avprnge tecay tatings (scsle O to 100} of 80 o mord.

2 Avirnge service jlie is elapsed tiino st 80-pergent (ilure, Flgures |n parestheses e percont of follum
uiter 105 yents for trenbiaents i whiel average secvion YMie hos not been determinel,

3 Presgure treatinend,
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With the simulated building units {table 22}, painting usually
greatly reduced the decay rate. Because most compurisons were for
preseryetives without water repellents, it is nssumed that the salutary
offect of the paint was not water exclusion but the maintenance of an
unbroken shall of treated wood through which decay organisms could
not peneotrate.

Tauct 22— Effect of puint, applied wfter treatment, on the decay rate of southern
nine test units

Proportion Avernga
Length fnlled 2 servies life?
Typa of unjt t pmd {reatmeant Extant ol of
treutiment axpo-
sufe {Painted] Un- Palnted| Un-
paioted puinted
Yegra | Percent| Percent| Years | Years
Suep radl, unteeatod oL . S, [T 72 100 A8 3.4
Colummn, vutrete e e e e w.d a7 100 10.0 8.2
Pareh ooring:
Pentuchlorophenol, 5.0 pereent... dmin. dip 116 Q
Pentachilgropbenol with water ropellent.! min, dip....-.. L6 7
Stop, vatrenbed . e maaa . 5.0 kit
Wenthering: Sapwaxl;
Ssec. dip. .. is0 100
Pentachlorophenol, 5.0 Pered Nt . aeceae J-min. dip...... 15.0 1]
Jtodfen. Nl 150 i}
Ssee, dip....o.. 150 42
Tetroehlerophonel, 5.0 pereent |3-min. dip 15.0 1]
Stobjou fto] 0 0!
[ T 15.0 50
Copper naphihienate, 0.5 percent ... {:!-m[n. dip._ 15.0 5
Jtodlbfeu. .| 130 1}
Zine chloride, 5.0 pereant 3-min. dip 15,0 il
TRt oy ol e e s cmr e v e e ——————— 15.0 W
Wenlhering: Heartwoorl:
Pentuctoroplienol, 3.0 percent. .. ... 3min, dipeeeao.| 150 Q
{Copper nophihenote, 0.5 percent Cu___ | 3-min, dlp._ .. 15.0 42
Untreateet . o e e 15.0 100
Shomdwged ioxes:
Pentachlorophenel, &0 pereent....__... ] $-in, LN It} [ I PO
Copper nuphthienuie, 0.6 percent Cu. .. 3-nln. 4.0 ; L] | D, a8
1.0 pereettt Cu....) 3anin, LN 0 {1 (RO (R
Cupper S-quinotinclule, 9,15 poreend. . A-min. 4.6 ] 50 m, 49 3.5
0.3 percent..._ 3-mifn. 4.6 0 | 6] 4.8 1.8
| !

1 Bapwod unless othierwise speceiffed.

1 U alt was cotsidered p fallure when 1ts dechy mting was S0 of more.

T Iee required for 80 percent of snples to fail.

! Ratings made and samples removed before the end of the exposure period.

The results leave little doubt that the effectiveness of dip trentments
is enhanced by the subsequent painting of the treated wood. Previous
studies {<8) showed that siding given a 3-minute dip in a water-repel-
lent preservitive and then puinted after attachment is particularly
resistant to rainwetting and fungus attack.

TYPE OF OIL CARRIER

In soif burial tests Blew (§) found that, with solution retentions
of approximately 4 pounds per cubic fout, pentachlorophenol was
somewhat less effective in Stoddurd solvent than in No. 2 fuel oil.
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The difference can be explained Inrgely by the toxicities of the oils
tlone; the average service life was 2.2 years for stakes treated with
Stoddard solvent, 4.4 years for those treated with No. 2 fuel oil, and
2.2 yenrs for unireated stakes. Some heavier oils gave an aversge
service life up to 6.7 years and furnished correspondingly better penta.-
chloropheno! solutions. In test stakes (£}, appreciably more penta-
chlorophenol was lost when treatment was with = minera} spirits
solution than with kerosene or No. 2 fuel oil solutions. Differences in
viscosity may affect distribution of the preservative in the wood.
With the lighter oils, as inineral spirits, blooming or concentrating of
the toxicant near the surface may inerease volatilization.

In luboratory soil block tests, Duncan (77) found that the effective-
ness of pentachlorophenol and copper naphthenate varied with the
petroleum oil used. The lower the boiling point, the higher the reten-
tious needed to prevent decay-

Three studies were established to secure informution on how the
type of oil carrier affects results from preservatives applied as dips
to units exposed above ground and subject to rain seepage. Thres
petrolewn oils were used : Aliphatic mineral spirits, stove-grade kero-
sene, and No. 2 fuel oil. The last oil probably is heavier than any oil
likely to be used on wood to be painted. All solutions were prepared
with equal weights of toxicant {as a 10-to-1 concentrate) per volume
of solvent, so the stated percentnge concentrations are only nominal.

In the frst study, weathering units were dipped for 8 minutes in
5-percent pentachlorophenol and exposed unpainted. The results
were:

Abrarption Average service
per cubic feet life
Carrier oil {pounda) (tears)
Mineral spirits ——_——— 1.18 7.8
Kerosene ——- 127 11. ¢
Mo, 2 fuel ol 1. 168 14, 4

For the second study, simnulated boxes were dipped for 3 minutes
in solutions of four toxicants in mineral spirits ang No. 2 fuel oil.
The units were exposed unpainted, and were stacked so they would
become and stay waterlogged. Therefore, the results (table 23) prob-
ably are not typieal of building exposures. The data, however, sug-
gest that weight of oil may affect toxicants other than pentachloro-

phenol.
OIL vs. WATER CARRIERS

Four toxicants normalty applied as oil solutions were tested with
water as the carrier. These were the sodium salts of tetra- and pents-
chlorophenols, amamonincal solutions of copper naphthenate, and an
emulsion of copper S8-quinolinolate.

In the main box tests, 5.7 percent solutions of the sodium salts of
pentachlorophenol] nud tetrachlorophenol were slightly more effective
than 5 percent of the corresponding phenol in oil (table 15). In two
studies with simulated boxes, water and oil solutions of 5-percent
pentachlorophenol applied as 3-minute dips were sbout equal. The
percentages of units that failed were:

Study 1, Study g,
A jter 8 years After 3.8 years
{percent) {percent}
S-pervent pentachlorophenol fnollo . ____ 22 )]
& und 5.%-percent sodium pentachlorophenate im 20 10

waier,
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TARLE 28.—-Decay in unpainted simulaled bozes afler L3 years

TECHNICAL BULLETIN 1334, U.S8. DEPT. OF AGRICULTURE

Absorption Average decny Froportion [ailed 1
per cuble foot rating !
Toxleant
Minersl | Fuel oil | Mineral | Fuel il | Mineral | Fuel oil
spirity apirits spirits
Pounds | Pounda Percent | Peroent
Copper nuphthenate, 1 percent Cu. ... 18 2.1 # a5 4] a
Copper 8-gulnelinolate, 0.3 percent. _____. L4g LB 85 52 20 0
Orthophonylphenol, 5 percent .. 1.9 a2 T2 ¥ & 20
Pentachiorophenol, 5 percent . ooeooo oo 2.0 L5 40 46 0 i}

10 (mone) to 100 (destroyed).
¥ Decay ratlogs of 80 or above,

Copper naphthenate, applied as a 3-minute <ip to 1- by 8- by 12-
inch pine sapwood boards, was slightly more eifective in ammoniacal

water solution than in mineral spirits during 3 years’ exposure:

Capper Solution obaorbed  Average decay Proportion
content per agmple rating * Yoiled
(percent} (gramas) (percent)
0Oil —_— 239 22 0
Water 4 22 4 10 0
[431] 2 21.9 44 Q
Water 2 2.9 36 0

0 {none) to 100 { lestroyed).

In another study simulated boxes given 3-minute dips in 0.3-percent
copper 8-quinolinolate in mineral spirits and in water emulsion de-
cayed at the same rate; they also had the same average service life
of 4.8 years.

These studies do not establish. the usefulness of water-carried forms
of the preservatives now generally applied in oil solution. However,
they do suggest that the cheaper water-carried forms have sufficient
promise to warrant further trial.

PRIOR FUNGUS INFECTIONS

As already shown, fungus infections have a profound effect on the
treatability of wood. At comparable moisture contents, both pene-
trations and absorptions are greater in infected wood; the amount of
the increase depends on the type and intensity of the infection. This
does not mean, however, that infected woed 15 necessarily more treat-
able. If, during pretreatment seasoning, the infected wood is ex-
posed to rain, it may-absorb more water than uninfected wood and be-
come marked|y less treatable. Fungus infections probably cause much
of the varizbility in commercial treatment {19).

The most conspicuous infections in lumber prior to trentment are
stains and molds which have little effect on strength (28). But less
obvious incipient decay infections often accompany moderate to heavy
staining. Many of the common decay fungi remain viable but dov-
mant for years in dry wood and revive when the wood is rewetted
(27). Revival can cecur beneath the thin treated shell of wood given
dips or short-period sonks unless the infection is such that deep pene-
tration of the preservative results.

Infections prior to attachment are an-important cause of rapid
deterioration of wood siding (38). In one study 10 matched pairs of
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kiln-dried pine columus were drilled to receive pine dowels 114 inches
long and five-eighths inch in diameter. The dowels were at the lower
ends of the columns, 1.e., those nniled to the exposure sills. In each
pair one dowel was sterile and the other had incipient dormant infec-
tion of the decayer Lenzites saepiarin. After 3 years’ exposurs the
average decay rating was 59 with infected dowels and 30 with sterile
dowels. The diflerence, 29.0 2=6.40, is highly significant.

Studies of the durability of treated infected wood are confounded
by the increased decay rate and the increased treatability of infected
wood—Dboth of which are influenced by the type and degree of
infection.

Half the samples of 1- by 8- by 12-inch green pine sapwood boards
tfor one study were dipped in L-percent sodium f}uorida and wrapped
in waterproot paper for 3 weeks to insure @ heavy growth of the mold
Trichoderma viride {19). 'The molded wood was then air-dried to
L2-percent moisture.  Matehed sumples were dipped in an antistain
solution and quickly air-dried to 12 percent. No visible fungus attack
occurred.  After receiving a 3-minute dip treatment, all samples were
oxposed on edge on o treated sill.

Luxuviant growth of 'richoderme veduced the initial vate of decay,
possibly by competition or the production of an antibiotic. This effect
hacd almest disuppeared in 6.3 years. The heavily treated molded
wood remained free of visible decay, while apprecinble amounts devel-
oped in treated sumples of the originally uninfected wood (talle 24).
The molded and unmeolded treated wood nbsorbed the same amounts
of rainwater during the first 6 months' exposure (37).

PanLe 24.—Effect of mold infections on the rate of decay of treated and unireated
pine sapwood

Preservative Average duocay Proporilon of
spluticn rating ? fatlura ®

Treatmoent ! absorbed par

cuble fwot

3.3 years | 6.3 years | 3.3 years | 6.3 years

Molded wood: Percent | Percent
Copper naphthanata
Puntachlorephencl
Unlreatod. .

WUnlufeeted wood:
Cupper naplithenate,
Fantachlorophenol .
Untreated. . 50

! Threg-mlnute dips in copper waphthenate (2 pereent Ca) with water repellent and In § percent penta-
chlorophens! with water repelient.

10 (nona) to 100 (destroyed).

* Unlt wog considered a fallure when its decsy rating was 30 or more,

In another study the lumber was cut from one longleaf pine log.
Part of the lunber was given an antistain treatment, and part was air-
seasoned without fungicidal treatment, to permit the development
of stain, mold, and decay fungi. Half the lumber was air-dried to an
average moisture content of 40 percent and half to 14 percent. Moder-
ate amounts of stain and mc-ln{I and presumably incipient decay, de-
veloped during seasoning on the wood not treated with an antistain
selution. The treated groups remained free of visible infectiouns.
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The boxes made from the Jumber were exposed unpainted afier being
given o 3-minute dip in 4-percent sodium pentechlorophenate with
4-percent borax or in 5-percent pentachlorophenol with a water repel-
lent and exposed unpainted.

The mu{’tiple-species infection did not have a marked eflect on
absorptions of solution (table25).

8 The gl‘ates of decay of the different groups of boxes are shown in
gure 9.

The infected samples decayed faster whether treated or untreated.
The differences were simall, however, except in the partialiy dried boxes
left. untreated or treated with the oil solution. After 4.3 years, even
these differences hud largely disappeared. Under less severe exposure,
o.g., siding on a house, larger and more persistent differences would
be expected.

Thus, infected wood, if thoroughly dried, probably can be dipped
and used where uninfected, dip-treated wood is adequate. However,
infected wood may absorb an excess of treating solution, thus increas-
ing the cost of treatment and creating a serious risk that the carvier
will bleed through subsequently applied paint. The present informa-

SODIUM PENTACKLORGPHENATE PENTACHLOROPHENOL
PLUS BORAX PLUS WATER REPELLENT UNTREATED
YGO e e ! |
40 PERCENT MOISTURE
sob- :
q
o B
&%
a0 \/ f—
4G N
@ :
T 20 L
R _1
. i
E 0 ! ] | |
%100 )
g '] ! S
3 14 PERCENT MOISTURE
¥ aol L
-
50 |
(3
a0 _ 4
20 -
2
/i
a v L
1 z 3 4
EXPOSURE (YEARS)
Fioure 4.—Decay rates of infected and nninfected simulated boxes dried to 40-

percent and 14-percent moisture before being given a 3-minute gip.
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tion suggests that it is safer to use bright uninfected lumber, even if
it is to bo treated, and that if infections are obvious the need for treat-
ment is greater.

Tapre 2.—Absorplions of preservatives by simulated pinc bozes

Alsorpticn per cabie foot
Condition of wood 4 percent sodinm & percent penta-
pentachlorophie- chiorophenol

nate 4 4 percent | -+ waler repellent @
borax

Partiully drled; Pounds Pounde
Unlafected 1.5 L4
[MReTue) i et et b e e e mm———————— 1.7 2.1

Fally dried:

LT T T Y RO 1.5 23
Infected 2.1 28

l-w R-71,
WOOD MOISTURE CONTENT

With short-peried seaks, nbsorption and penetration of preservatives
ars inversely proportional to wood moisture content, both above and
below fiber saturation. The effect is minor within the normal moisture
vange of Jumber used for exterior woodwork, lLe, 9 to 14 percent.
Nevertheless, two studies were made to determine the effects of moisture
content on decay rate.

Tagre 20—Effect of wood molzture content prior to treaiment on the amount
of decay of M-22 bowrcs given $-minute dips and ezposed for 1.5 pears

MMolsturc content Absorpllon of Amount of decay
preservativa
Treatment
Average | Propor-
Ruapge | Average Ranbge Avetage | decay tion of
ratiog! | faflurel
Pentuchlorophenol, 5 pereent, + waler
repelient:
Hexes soaked: Pacent y Percent Grams Grams Pereent
Diried 15 minetes. ... ... 54145 3| —40—30 2 70 43
Ddect Ldny. ..o . . .o.o.o. 3640 a8 43-100 £ 20
Drisd 2ddays. .. . ... . L eies 31-39 35 60-120 88 54 10
Boxes notsonked. . .......0 .ol L L 13-15 4 #©-117 74 52 vl
Sodium pentechlorophenate, 4 percent,
=+ borsx, 4 pereent:
Boxes soaked:
Dricd t5 minutes .. ..oo..oo. ] 1302 41 30-50 36 54 20
Dried ¥dny...._.... ... _. 3442 7 80140 o E ]
Dried 2dwys. .- . . o .o.. 32-35 36 80-140 112 58 26
Boxes not sosked .o.. oL LLLlLl. 13-15 14 18874 188 54 0
Unirented boxes.,. . . o . .. oo .ios 13-15 14 88 -3

14 fnouet Lo 100 (destroyed).
T A unlt was considerxd o fallure when 1ts decsy ratings were 80 or more.
¥ The surfuce layers were saturaled,
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In the first study, air-dry M—22 ammunrition boxes were soaked for
48 hours in water to create a moisture gradient similar to that occur-
ring with rainwetting of lumber, i.e., with the highest moisture con-
tents on the outside. Fifteen minutes after they were removed from
the water, 10 boxes were dipped for 3 minutes in & water preservative
and 10 in an oil preservative. Other lots were treated after 1 and 2
days of drying and at the original air-dry moisture content. Infor-
mation on treatment and rate of decay is given in table 26.

The meusured absorptions for the fully wet boxes are not considered
accurate. Undoubtedly the wood lost water during treatment.  Also,
with the water solution a further uncertainty vesults from the un-
known amount of phenate and borax diftusing from the solution into
the water within the wood.

Therve were no significant differences in decay among the moisture
eategories with the wood treated with the 4-percent water solution of
sodium pentachlorophenate plus 4-percent borax. In contrast, thewet
and partially dried boxes dipped in 5-percent pentachlorophenol plus
a water repetlent in mineral spirits developed significantly more decay
than did those &t lower moisture ¢categories.

For the second study, simulated boxes were made from green pine
supwood which had been dipped in an antistain chemical. Four
matched groups consisted of boxes that were fully green, partially
air-dried, fully air-dried, and kiln-dried before treatiment with water-
and oil-borne preservatives. The partial air-drying created » mois-
ture gradient with the highest moisture content on the inside of the
wood. The antistain treatment prevented fungus development during
seasoning.

The absorptions of treating solutions varied inversely with the
moisture contents {110, 40, 14, and 9 percent). For the water solution
they were 0.7, 1.5, L9, and 2.1 pounds per cubic foot, and for the oil
solution, 0.4, 1.6, 2.6, and 2.1 pounds.

The amount of decay in the wood dipped in the water solution gen-
erally decreased with the increases in absorption as influenced by the
moisture content of the wood (fig. 10). Nene of the differences, how-
ever, ure considered of practicat magnitude. The relationships were
the same for the oil-treated wood, but the increased amounts of decay
in the green and partially seasoned wood probably are significant from
a practical point of view.

“The second study also included some boxes that were tully and par-
tially air-seasoned without antistain treatment; thus, stain, mold, and
incipient decny were permitted to develop during seasoning. The ab-
sorptions of water solution were L7 and 2.1 pounds per cubic foot by
the partinlly and fuily sensoned boxes, respectively, and of the o1l solu-
tion 2.1 pounds per cubic foot by both groups of boxes.

The relationships (fig. 10) were essentially the same as with the
corresponding uninfected boxes. The decay rate differed only slightly
between the partially and full air-seasoned wood treated with the water
solution. For the boxes dipped in the oil solution, however, signifi-
cantly less decay developed in those fully air-seasoned than in those
partially seasouned.

These data support the penetration and absorpfion studies in sug-
gesting that wood should be fully air-seasoned or kiln-dried before it.
15 given a simple preservation freatment.
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Freure 10.~-The intluence of woisture content at time of {reatment on decay
rate of udinrected and fofected simuiated boxes dipped for 3 minutes,

WOOD SPECIES

In the studies of simulated building units here reported, southern
yollow pine wus the only test wood. A study in progress includes step-
rail units of western hemlock, ponderosa pine, Douglas-fir, white fir,
and southern yellow pine given a 3-minute dip in 5-percent penta-
chlorophenol.  Inaddition, porch-ficoring units made of western hem-
lock, ponderosa pine, Douglns-fir, white fir, and southern pine wers
dipped for 3 minutes in #-percent pentachlorophencl. Panels of & few
wood species were ilso di])pe(l in copper naphthenate (1 percent Cu)
or 5-percent })entnchlom]l) enol plus a water vepellent. After 7 years’
exposure, oniy slight differences in decay rate were noted among the
Lrented units of different woods (£8).

Thoe units in the ammunition box study (37) were mainly of eastern
white pine. A few southern pine snpwood boxes given 3-minute dips
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in 3-percent pentachlorophenol with a water repellent decayed some-
what faster during the ﬁlrst 4.2 years thun the white pine boxes sinti-
larly treated. However, later observations showed approxinately the
sane average service lives, 9.7 years for the white pine boxes and 11.3
years for the southern pine boxes.

Simulated boxes made of eight wood species were dipped for 3 min-
utes in 5-percent pentachloropheno} with & water repelient. The only
important differences were the lower decay rute of the Douglns-fir
boxes and the higher decay rate of southern T’uu‘dwood boxes compared
with the rates for southern pine, enstern white pine, ponderosa pine,
and western hemlock (57).

The data strongly suggest that surface treatments wre oftective on
the coniferous woods commonly used for general building,

SUMMARY AND RECOMMENDATIONS

Even the best preservative will be only as effective as the amount
penetrating the wood in relntion to the severity of exposure. Brush,
dip, and short-period soaks give only limited penetrations; therefore,
they olfer good protection only under low to moderute hazards. Users
of simple treatinents should take full advantage of the factors which
increase penetrtion and absorption of the preservative and decrease
the decay hazard of the structure in which the treated wood will be
nsed. Of the many factors known to influence treatment eflectiveness,
the following have prctical application

1. The wood should be fully seasoned to the average moisture con-
tent recommended for use in buildings (12 percent or below, depending
on geographic region) because penetration and absorption vary in-
versely with wood moisture content.

2. Because longitudinal penetration is freater than lateral pene-

tration, the best protection will be afforded items on which the decay
hazard is mainly at the ends of lumber. A porch column is a good
example—decay usually is restricted to the base.

3. Lumber should be relztively free of stain, mold, and decay infec-
tions. If it isnot, decay may develop in the untreated interiors. Also,
infected boards may absorb sufficient solution to lead to objectionnble
discoloration when the wood is painted. For some uses outside the
scope of this bulletin, for example, fenceposts, moderate infections b
stain and mold are not detrimental provided the penetrations are suf-
ficient to kill the fungi present.

4. The temperature of the treating solution should be af least as
low as that oF-the wood to be dippedg Dipping in artificially heated
solutions or after a rapid rise in air temperature may materially reduce
penetrations and absorptions of the ow-viscosity solutions used in
treating finish lumber. )

5. Even though water repellents somewhat reduce both penetration
and absorption, their overall effect is beneficial. They definitely re-
duce the decay hazard of exterior woodwork and also reduce other
troubles from rain seepage. Water repellents should be incorporated
in solutions for treating siding, millwork, and other wood exposed on
the exterior of buildings.

§. Painting, with lﬁlse usual oil paints, of wood which has been
treated by brush, dip, and soak methods will appreciably increase the
avernge service life.
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7. 1f the treated wood is to be used unpainted, o No. 2 fuel otl or one
even hieavier will enhance effectiveness. If good paintability is
desived, o Hglitweight proven solvent of the aliphatic minerul-spirits
type shoitld be used. No oil treating solution will always yield paint-
able trenfed wood. Teven with o S-minute dip, an oceasionn] board
will abzorb exvessive oil, which will bleed through subsequently
spplied puint pnless an unusually long deving time is provided. With
the normal sbsorptions by short-period dips, treated wood can be
painted safely after 24 to I8 hours of drying.  Pieces with obviously
high absorptions shonld be sepavated for specind drying or for use
in places where paint diseoloration is unimportant,

8. Brush and J-minute or shorter dip treatments will atford good
protection in buildings designed to avoid the worst decay hazards.
Cigod desigms provide adequate rool overhang, gutiers, and other feu-
fuves thal restrict the amount of vainwetiing and promote rapid dry-
ing when welling does oveur. Where such n designn 18 nof possible,
souks of 30 minules or longer or preferably the use of commercinlly
impregnated lumber is recommended.

9. Peatachlorophenel and copper naphthenate in the water-repetlent
sofution covered by Federal Specifieahion TT-W-372 are highly effee-
tive. In addition copper pentachlorophenate, tetrachlorophenal, so-
diunt pentachlovephenate. nnd sodinm fetrachlorophenate warrant
further consideration as waler-repellent dip lrentments,  The last
two nre applied in waler solution and probably will be most valuable
for speeinl uses sueh as the temporary protection of framing and
sheathing during transportation, storage at the building site, and
construction,

10. 1n high-tainfall areas any wooden member of a building can be
exposed to a high decny hazavd unless the building is designed to pre-
vent il but Hght cainwash over the surface. The 3-minute dip i a
water repellent is intended to profect woodwork from decay and other
troubles traceable to minor rain seepage.  In a well-designed building
the following items are benelited by dips:

L {tems of any wood species W all areas: Siding and tvim; sash,
sereens, sereen doors, shutters, and louvers; decorative panels; access
nanel deors and frames to basementless space.

2, T oms of any wood species in low-hazard areas: Steps, porches,
railings, columns. and balustrades: exposed structural members;
faseta nnd other wood exposed at roof edges: watertables and adjacent
siding and {rim: gates and fencing {hut not nasted

1f aubjeet fo considerabls vf
suseeptible wood should ¢
of 13 minutos or longer.

Tn higherninfall aveas, the Bems fvwa : .
suzeeptible woods. ave best commercially impregnated according to
Federat Speetfiention TT-W-571. When left unpainted any treat-
ment listed in TT- W-3T1 will be satisfactory ae long ag the color and
odor of the trenied . «@ are avceptable. For wood to be painted
the printable water-repellent treatments included in the latest revision
of this speeification are advisable.  In lieu of these, the waterborne
treatments ean be followed after seasoning with a dip in a water
vepellent, or untveated lumber can be soaked for at least 15 minutes
in o water-repellent preservative,
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