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STUDIES OF THE DOUBLE- DI FFUSI ON PROCESS OF
TREATING WOOD. --THE TREATMENT OF FENCE POSTS
BY PARTIAL | MVERSION | N BARRELS

BY
R H BAECHLER Cheni st

| ntroduction

This report covers some sinple experinents designed to
explors the possibility of applylng the double-diffusion
treatment of wood to fence posts by standing them upright in
barrels.

Experimental work on double-diffusion treatnents was
suspended at the start of the war and resunmed with these
experiments in the spring of 1945 when it was found possible
to devote some time to non-mlltary problens. The status of
the project at the time of its postwar renewal wll be
briefly reviewed,

Laboratory experinents had been conducted in 1939-40
on a 2-stage diffision treatment of wood for the purpose of
| ntroduci ng soluble salts that would react to deposit
relatively insoluble toxic materials in wood, thereby
impregnating It with relatively nonleaching preservatives
Wi t hout using pressure equipnent or heat. At the start of
t hese experinments,one vital question concerned the rate of

diffusion of the second salt which, as it diffused into the



outer layers or the wood, would be precipitated by the
first salt so that diffusion pressure to force it deeper would
be lacking until an amount of the second salt chemically in
excess of the first salt could be built up. It was feared
that this progressive reduction in the diffusion pressure of
the seoond salt, along with the mechanical interference of
the precipitate which would increase the required nean distance
of nolecular mgration for a given penetration, mght retard
the ingress of the second salt to such an extent that an
i npracticably long time mght be required for the second
stage of the treatnent.

It was found that when sections of green fence posts
15 inches long were successively inmersed for several days
in strong solutions of salts capable of formng a precipitate,
good absorption and fairly good distributions of the two
salts were obtained so that the deposition of the precipitate
was not necessarily confined to the outer layers of the wood.

Leaching tests were made on blocks in which copper arsenate,
copper chromate, nickel arsenate, nickel chromate, and nag-
nesi um anmoni um arsenate had been deposited. Analysis of
bl ooks before and after |eaching showed the |oss of precipi-
tated chemcal to be slow while |[aboratory decay tests on the
| eached bl ooks indicated considerable resistance to attack
by wood-destroying fungi. It was then decided to follow
these |aboratory experiments with service tests to conpare
the effectiveness of these precipitates under actual use
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conditions wth the effectiveness of standard commerci al
preservatives applied by other neans.

In the spring of 1941, 100 Southern pine fence posts
were treated in tanks on the Harrison Experinental Forest
with coppor sulfate, followed by sodium arsenate after which
the posts were placed in the test fence containing posts
treated with various comercial preservatives and other
materials under test. Even though these posts were the first
to be treated in this manner and were not treated under
optimus conditions, the test should give reliable indications
regarding the practical value and feasibility of this nethod
of treatment. The condition of these experimental posts at
the time of their inspection in Deeenber 1945 is shown in
tabl e ZM66800F.

Late in 1941 some green 2 by 4 stakes were treated with
copper sulfate plus sodium chromate and were installed in
1942 in the stake-test area on the Harrison Forest along
with stakes treated with copper sulfate plus sodium arsenate.
The condition of these stakes at the time of inspection in
Decenber 1945 is shown in table M67328F. These tests should
afford a conparison of the effectiveness of these two conbi-
nations of chemcals. They will not necessarily yield a
direct conparison of the protection that may be given to
| arger sized wood since sodium chromate and sodi um arsenate

diffuse through wood at different rates.
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It was planned to start service teats on wood treated
with other combinations of chemcals but, as has been stated,
this investigation was interrupted by the nore inmediate
i mportance of mlitary problens

The essential theoretical advantages and di sadvantages
of this method of treating wood have been pointed out in
conferences and in scattered mermoranda but may be repeated
here for convenience. It should be borne in mnd that the
followng is largely specul ative. The effectiveness of these
precipitates in actual service remains to be determned and
iIf they should fail in this all-inportant respect, other
features of the nmethod will be of no significance.

Sone of the advantages which this method of treatnent
appears to offer are:

1. The equipnent required is sinple;, consequently, it
IS possible to mnimze transportation costs attending the
centralizing of sufficient wood to keep down the unit over-
head charge for equipment. This particular feature is of
special inportance in the treatnent of wood that is produced
and used at a considerable distance froma pressure treating
plant. Fence posts constitute an outstanding exanple since
the producer and consuner of fence posts are frequently the
sane so that treatment near the site of production and use is
especi al |y desirable.

2. The cost of transporting the treating materials to

the site of treatnment is |ow beceuse the solvent used is
- 4-



water, while the active ingredients are solids that may be
shipped in cheap nonreturnable containers.

3. Because of the relatively low cost of the chemcals
and the permanence and high toxicity of the precipitates, an
initial absorption |ow in pounds per cubic foot and therefore
low in cost may be expected to give long life to wood even
when exposed to leaching conditions. (This presupposes the
possibility of obtaining good distribution of |ow absorption
sonet hing which has not yet been acconplished.)

4. The treated wood is clean, odorless, and very likely
pai nt abl e.

Est abl i shed nethods of treatnent possess one or nore of
the foregoing advantages; none posessses all of them

Sone of the disadvantages of the treatment are:

1. Geen wod is required and pronpt treatnent after
cutting is not always convenient.

2. Considerable tine is required which may be relatively
unimportant in the treatment of a cheap formof wood such as
fence posts, but would be inportant in the treatnent of
| umber, poles, etc.

3. The results seemto be |ees subject to control and
therefore less uniformthan those obtained by pressure
treatment.

4. No mechanical protection against weathering and
retardation of checking is obtained, which would be especially

di sadvantageous in the treatment of cross ties.

- 5-



5. The excess of soluble salt would increase electrical
conductivity which is of inportance in telephone and power
l'ine pol es,

6. some conbinations involve a decoded hazard during
the treating period to any but a careful operator and al so
to |ivestock.

7. Sone conbi nations would be corrosive to iron fastenings
If the second stage of the treatnent were inadequate.

8. As conpared with a sinple diffusion treatnent with a
single salt, this method requires an additional handling of
the wood and additional investnent in a second container and
sol ution.

To sum up these advantages and disadvantages, it may be
said that the nethod offers a possible solution to certain
problens in wood preservation. Wiether or not it wll
contribute toward their solution will depend |argely upon
the service life of wood so treated. Specul ati ons concerning
its ultimate application are quite futile until the results
of service tests are available. Until then the use of the
method in practice should be discouraged.

It may be seen that, for econom c reasons, the nethod
appears nore promsing for some fornms of wood than for others,
Its advantages and disadvantages point to the treatnent of
fence posts as a likely field of usefulness. This fact,
combined with the cheapness of fence posts as test nateri al
and with the fact that an urgent need exists for an econonca

-b-



treatnment for fence posts, explains the alnost exclusive use
of fence posts in the experinental treatnents nade to date.

It was recognized early that a conprehensive study of
this method of treatnment would be extremely time consum ng
and costly. This is due in large nmeasure to the fact that
tedi ous time-consumng chemcal analyses are required to
follow the results of the treatnent. In studying a treatnent
in which the entire liquid noves w thout change into dry
wood, the absorption may be obtained by nerely weighing the
test pieces before and after treatnent, while distribution
may be observed visually from borings or by splitting sanples.

In research on the double-diffusion nethod, a study of
the absorption of the two salts requires their determnation
by chem cal analysis of a conposite sanplel , While reliable
data on distribution can be obtained only by analyzing
different parts of a treated piece. The variability of wood
demands anal yses of replicate pieces fromthe same treatment.
These anal yses are so tinme consumng that this phase of the
work dom nates the planning and constitutes the bottleneck
in the progress of the investigation.

Not only is this investigation of such nature that the
collection of data is slow, but it is surprisingly conplex

when one considers how sinply the nethod may be described.

lAn effort is now being made to reduce this work by analyzing

the treating solution before and after treatnent.
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The questions to be answered fall into two groups; nanely,
t hose concerning the conposition of the preservative, and
those concerning the means of introducing it into wood,

The properties desired in the chemcals to be used are:
ability to forma precipitate of high effectiveness and
permanence, |ow cost, sufficiently high volubility and rate
of diffusion so that the anount of wood that can be treated
in a pair of containers in a giventine is as large as
possi bl e, freedom from health hazard, and freedom from
corrosion problems. Unfortunately, of the various conbinations
of chemcals that appear to be adapted to this nethod, none
Is outstanding in all of these properties. Each possesses
sone theoretical advantages over the others so that an
intelligent selection can be nmade only by bal ancing effective-
ness agai nst other properties.

A conprehensive study of any new preservative or group
of preservatives requires service tests in different regions
so as to include areas of high, low and internediate decay
hazard, presence and absence of termtes, varied |eaching
conditions, as well as soils of different chenmical nature.
The precipitates under consideration are no exception to this
rule. Wile all are classed as “insoluble”, the difference
in their solubilities is relatively very large. Al are
soluble in dilute acids so that their service lives will be
affected by the pH of the soil. A high concentration of

carbonates in natural water mght lead to the gradual formation
-3-



of a nontoxic carbonate of whichover heavy netal is involved
in the treatnent.

These precipitates |ikew se nmay be expected to foll ow
the general rule that wood preservative do not act by renote
control so that not only nust they be applied in adequate
amounts, but they nust be properly distributed. Wen attention
Is directed to this phase of the investigation, its scope
grows tremendously. Each chemcal has its characteristic rate
of diffusion. The absorption and distribution of any two
starting chemcals are influenced by a large number of factors.
The wood itself--its size, shape, species, noisture content,
percentage of sapwood, proval ence and size of knots, anount
and nature of extractives, rate O growth, season of year
when out, whether barked or unbarked-all these nay be
expected to affect both absorption and distribution. An
absorption obtained by a given set of conditions may also be
obtained by decreasing the concentration of the treating
solution and increasing the tine, but the distribution wll
be different. |f good distribution is obtained for a given
absorption it cannot be taken for granted that satiafaotory
distribution till acoonpany a greatly decreased absorption
Tenperature affects the mobility of all ions in solution; it
also affects the maxi mum concentrations of treating solutions
that may be used. The conpleteness of immersion of the wood
Is inportant. Final distribution is further affected by
seasoning conditions such as rate of seasoning and the
position of the wood.
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The ideal distribution at which to aimwll certainly
vary with climatic conditions. In relatively dry areas in
which only the part of the post below ground is subject to
decay, it would be mpat econom cal to govern conditions so
that as much of the chemcal as possible is retained in the
| ower part of the post. In other areas, protection of the
top is needed and establishing the conditions that would
provide the nost economcal distribution would require
considerable work. Sone measures to provide protection or
the tops mght be needed in partial imrersion treatments.

Mention may be made of a further uncertainty regarding
the possibilities of this method which, while not O a
technical nature, affects the relative inportance of sone
technical questions. There is considerable reason to doubt
whether a method of treating fence posts, no matter how
sinple and effective, would ever be used by a |arge number of
farmers. Its use in cooperative treating centers or by smal
| ocal commercial operators mght be nmore practical. In such
event, certain properties of chemcals, e.g., hazard to
| ivestock during the treating period would decrease in inpor-
tance while others such as throughput of equipment would
assune increased inportance.

From the foregoing it may be seen that a |arge anount
of work would be required to bring the double-diffusion
method to a state approaching perfection. |t would be
difficult to justify so expensive an investigation w thout

more convincing evidence of its promse than is afforded by
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the results of |aboratory experiments. It was therefore
deci ded, for the present, to confine the study of treating
conditions to exploratory teats that would indicate approxinate
treating schedules for obtaining absorption within the range
of comercial treatments with salt preservatives. Test
material could then be prepared by these schedul es and,
despite the lack of perfection in such treatnments, the results
of exposure tests should show whether or not the nethod nerits
an intensive investigation and also which of the conbination
or conbinations of chemcals should be used in such investigation

Anot her reason for giving our first attention to
questions regarding the nature and anount of chemcals to be
reconmmrended is that years of exposure are required in the
collection of such data. On the other hand, studies of the
conditions required to obtain desired treatnents do not
involve an intervening delay other than a relatively short
seasoning period. Should the time arrive when this nethod
may be recommended, a study of treating conditions night be
subjected to "forced draft whereby considerable data coul d
be collected within a year

However, a too rigid observance of this general principle
of postponing studies of treating conditions would be
I nadvi sable.  An exception should be nmade whenever a question
arises concerning a detail which profoundly affects the
econony of the nethod in tine and noney. Thus, prelinmnary
studies are indicated bearing on the possibility of
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substituting barrels in place of tanks and also of dispensing
with the debarking of fence posts. The findings of such
prelimnpary studios should be applied in the preparation of
material for exposure tests.

It has boon pointed out that this nethod mght be found
useful in the treatment of fornms of wood other than fence
posts, especially in areas that are unfavorably situated with
respect to pressure treating facilities. Tel ephone poles
and bridge tinmbers may be nentioned as exanples. The clean-
liness of the treated wood conbined with the expected
resistance of the treatnent to |eaching suggests its appli-
cation to highway posts that are to be painted and also to
building lunber that is to be used under conditions that
favor |leaching as well as attack by decay and termtes.

The treatnent of veneers for such conditions mght be

consi dered. However, there seems to be no need for any

early investigations along these lines. |If the results of
field tests on fence posts are favorable, the treatment may
safely be reeommended for any form of wood in which good
absorption and distribution can be obtained. A study of the
treatment of various forns of wood may be incorporated in the
detailed study of treating condition, since no great |oss of
tine wll be occasioned by deferring the accumulation of such
information until the need for it has been denonstrated.
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Scope of Present Experinents

Prior to the experinents to be described herein, al
doubl e-diffusion treatments had been nade by conpletely
I mrersing the wood in both the first and seoond baths. This
I's probably the best possible nmeans of applying such treatment
when the effectiveness of the treatment is considered to the
exclusion of other faotors. However, it obviously requires
tanks large enough to conpletely contain the wood and, under
certain conditions, the initial cost of the tanks would act
as a strong deterrent against the adoption of the nethod.
Thus, in the treatnent of fence posts (for which the prooess
seems especially well adapted), two tanks, each |arge enough
to hold from 10 to 20 fence posts, could not be purchased
very cheaply as a general rule and their cost when prorated
over the number of posts that mght be treated in them during
their service lives would add a significant anount to the
unit cost of the treatment.

For this reason it was decided to investigate the
possibility of treating posts by standing them upright in
solutions contained in barrels which are generally much
cheaper than tanks on the basis of a given capacity. The
treatnment of the energent part of the poet would then depend
upon |ongitudinal diffusion of the chemcals.

Such treatnment would be expected to result in a gradient
in the concentration of total chemcal fromthe bottomto the
top of the post. \Whether or not this gradient could be
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satisfactorily controlled by conditions of treatnent and
seasoning or by the position of the post during seasoning
was one of the questions to be answered.

Anot her uncertainty regarding this nethod of treatnent
which has already been referred to concerned the rate of
diffusion of the second salt into the wood. |t had been
found that this retardation of the diffusion of the second
salt may be counterbalanced in conplete-inmersion treatnents
by extending the steeping tinme in the second bath approxi-
mately 50 percent over that of the first bath. Increasing
the concentration of the second solution nay be resorted to
If the volubility of that particular chemcal permts. It
was feared that in partial-inmrersion treatnents, with the
greater distance to be traversed by the second salt, an
objectionably long tinme in the second bath m ght be required.

A conplete precipitation of the first salt in the upper
part of the post may or may not be necessary from the stand-
point of premanence; in nmoderately dry areas the |eaching of
chemcal from the upper part of the post would certainly be
sl ow. However, if the first salt to be introduced were a
oopper salt it would need to be nore or less conpletely
precipitated to avoid the corrosive action of soluble copper
salts on fencing wire and staples. On the other hand, if the
first salt were a nickel salt acconpanied by a snall amount
of sodium dichromate, the corrosion hazard woul d probably
be negligible.
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The only full-length fence posts treated heretofore by
the doubl e-diffusion process had been treated by copper
sul fate plus sodium arsenate. As has been stated these
treatnents were nade by conplete imersion. The sane salts
at approximately the same concentrations were chosen for the
present exploratory experiments which, however, were limted
chiefly to the first step of the process, only six posts
being treated with both salts.

It was originally planned to treat only jack pine and
| odgepol e pine but a few posts of other species that were
readily available were given single-diffusion treatnents
for rough conparison. A few dry posts were treated with
green posts of the sane species to show differences in results

obt ai ned

Experi nent al

Series |--Single-diffusion Treatnent with Copper Sulfate

This prelimnary series was run in order to get sone
idea of the tine that would be required to introduce into the
points an anount of copper sulfate equivalent to 1 percent of
the dry weight of the wood.

It may be admtted parenthetically that the absorption
aimed at is at present largely a matter of guesswork. A
1 percent absorption is within the range of absorption
commonly used in comercial treatnents with water-borne
preservatives, since along with an equival ent amount of
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sodi um arsenate this absorption would constitute about six-
tenths pound total chem cal per cubic foot of pine. Certain
faotors point to the need of heavier absorption in the
doubl e-diffusion treatment, for exanple: |oss uniform
distribution is obtained than in pressure treated wood; the
concentration gradient whereby the outer parts of the wood
are heavily treated is undesirable from the standpoint of
accel erating leaching; the areas surrounding the checks that
ultimately formreceive only an average amount of salt,
while the area beyond a check nmay receive none. C her
faotors indicate the contrary, viz (1) the conpounds produced
are highly toxic so that unless they are poorly distributed
they should give protection even when present in |ow concen-
tration and (2) they are relatively insoluble so that a
large initial reserve to conpensate for ultimate |eaching
need not be introduced. Wich of these opposing theories is
correct can be determned only by service tests; the answers
will, of oourse, be of prine inportance in conparing the
final econony of this method of treatnent with other nethods.

The jack pine and red oak posts used in these experinents
were out about 40 mles north of Madison on April 4, 1945,
They were brought to the Laboratory by truck on the foll ow ng
day and were stored in the cold room The posts were not
very uniformin size, varying from2-1/2 inches to 5-1/2
inches top diameter and also varying considerably in the
width of the sapwood band and in the abundance of knots.

-16-



Howover, they were considered suitable for these exploratory
treatments. They were out 7-1/2 foot Iong.

The posts were debarked just before treatnent and about
6 inches were out fromthe butt end to assure a fresh surface.
Three of the pine posts wore incised by hand around the part
corresponding to the groundlie. Three pine and three oak
posts were placed in a kiln to be seasoned before treatment.

The posts in this series may be divided into the follow ng
groups with three posts in eaoh group: (1) and (2) green jack
pine; (3) same as (1) and (2), but incised at the groundline;
(4) kiln-dried jack pine; (5) green red oak; (6) kiln-dried
red oak. A single green aspen and an air-dried spruce were
inoluded. Goups (4) and (6) were treated several weeks
|ater than the rest but, as nearly as possible, the sane
conditions were maintained.

The treatnent of the green posts was begun on April 6,
1945, two days after the posts were out. They were stood
upright in a 12.8 percent solution (initial concentration)
of copper sulfate in a wooden barrel. The level of the
liquid was within a few inches of the top of the barrel and
accordingly the posts stood in about 27 inches of solution.
The solution was unheated and although no accurate record of
the tenperature was kept it was believed to average about
450-50° F.

A blue coloration was soon seen to be creeping up the
sides of the Posts. After 24 hours the color extended in a
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streaked pattern roughly half-way up the pine posts and to
the top of the oak posts. Knots interrupted the continuity
of the color

(ne post from each group was removed after 1 day, one
after 3 days and the other after 7 days.

The treated posts were exposed to one of two different
sets of seasoning conditions to get some idea of the effect
of retardation of seasoning on the final distribution of the
chemcal. To this end series (1), (3) and (5 were kept in
the 90 percent humdity room for 2 weeks after treatnent and
then air seasoned; the posts were stood butt up in both
stages. Series (2), (4) and (6) were set outside, some butt
up and some butt down, immediately after treatment.

On June 2, while the treated posts were air seasoning,
15 green | odgepol e pi ne posts were received by express from
the Forest Service, Mssoula, Mntana. They were 9 feet
long so that a foot could be sawed from each end before
treatment leaving a 7-foot post. They had been end-coated
to retard drying and noisture discs 1 foot fromthe ends of
five different posts showed 58 to 70 percent noisture. They
were quite uniformin size (4 to 5 inches in top dianeter)
and in rate of growth and width of sapwood. They were treated
under conditions simlar to the jack pine posts but not all
of the variations could be repeated because of the small nunber
of posts. They were air seasoned after treatment. O three
posts treated 5 days, one was placed butt up to season, one
butt down and one was |aid horizontally.
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After the treated posts were wel|l seasoned they were
sawed in half lengthw se and observed for penetration. This
could be readily observed without the aid of any spray to
intensify the color of the copper salt but those to be
phot ographed were sprayed with a 5 percent solution of
potassium ferrocyanide to produce the red copper ferrocyanide
whi ch photographs better than the sulfate.

As a general rule there was conplete sapwood penetration
of the green posts that were treated 3 days or nore. Some
pine posts treated 1 day showed conplete sapwood penetration
al though lighter at the top; others showed conplete penetration
at the groundline but only about 1/4 inch at the top. The
absorption seemed heavier in the springwood than in the sumer-
wood. There was little or no penetration of the heartwood in
oak; there was sone |ongitudinal penetration of the heartwood
of jack pine and also |odgepole pine. The single green aspen
post, which was practically all sapwood and was treated 7 days,
showed penetration practically to the center but there were
streaks of untreated wood even near the outside.

The posts that were seasoned before treatnent showed
practically no penetration above the liquid line. In sone
cases, especially the single dry spruce post, a small amount
of chem cal crept upward along checks. The end diffusion
into dry pine sapwood varied froma few inches to about 1-1/2
feet; it was poorer in dry oak than in dry pine and sonewhat
better in the lone dry spruce.
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No effect of incisng was reveal ed since the incisions
did not penetrate the heartwood and the pentration of pine
sapwood was general |y good without incision. A few posts
peeled only to the groundline seend to treat slightly slower
than conpletely peeled posts.

The effect of the position of the posts during seasoning
was |ikewse difficult to discern. |t seemed that, as a rule
the posts that had stood butt up during seasoning showed the
more uniform penetration, but the difference was not as
mar ked as had been expected and it would take a | arger number
of posts to show whether or not the inprovement in distribution
Is sufficient to reccommend avoi dance of the nore convenient
flat piling. Oher investigaters have reported considerable
i nprovement in distribution of preservative as a result of
seasoning with the butt up.

The posts that were placed outside imediately after
treatment showed sonmewhat inferior distribution in conparison
with these that were kept in the 90 percent room 2 weeks
after treatnent.

Figures 1 and 2 show typical penetrations obtained under
different conditions.

In order to determine the total absorption of chem ca
by each post, 2-inch discs were out according to the follow ng

di agram
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Figure 1 --Geen and dry posts treated by partial
| mrersion in copper sulfate” solution

4 - Geen jack pine treated 1 day

5 - Geen jack pine treated 3 days

6 - Geen jack pine treated 7 days

18 - Kiln-dried red oak treated 7 days
21 - Kiln-dried jack pine treated 7 days
26 - Air-dried spruce treated 7 days






Figure 2.--Geen posts treated by partial |mmersion
in copper sulfate solution

18 - Geen | od(];(epqle pine treated 7 days
6 - Geen jack pine treated 7 days
9 - Geen jack pine (incised treated 7 days
12 - Geen jack pine (half peeled)

treated 7 days
15 - Geen red oak treated 7 days
25 - Green aspen treated 7 days
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The disc froma given p?st wer e giund together to 7
form a conposite sample which was anal yzed by the nethod
of Baechler and Servais (Proc. AWPA 1942, page 19). The
results are given in table 1. The absorption given are on
the basis of anhydrous chemcal in oven-dried wood plus
chem cal

It willl be seen that in the case of the green jack pine,
| odgepol e pine, red oak or aspen peats the absorption
obtained even in 1 day were in excess of the 1 percent that
was desired. They are considerably above the absorptions
obtained in the conplete inmersion of Southern pine posts
treated in 1941. (The latter were not treated under the nost
favorabl e conditions; several days elapsed between the time
of cutting and peeling and the start of the treatment during
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Table 1,

Post : Description iSteeping : Method of seasoning : Cu 5(.?2 abgorbed
o, ¢ : time ! : da on dry
: H H { treated vood
$ H s s
$ ! Days 3 $ Peroent
: H H H
1 : Greea jack pine : 1 t 2 veeks at 90 percent 3 2.19
] H H relative hmlﬁgya than
N H ! air dried :
2 ¢ Green jack pine ¢ 3 : 2 weeks at 90 percent H 3.08
] H *  relative hﬁiiiz‘;i then
H H !  air dried H
3 t Green jack pine : 7 i 2 vesks at S0 percent $ 8.%5
H H ¢ relative humidity, then
] H !  air dried L}
Ik 3§ Green jack pine t 1 $ Alr dried : 2.65
5 i Green jack pine 3 3 Alr dried : 5.06
6 3 Green jack pine 7 t AMr dried t 11.30
7 ¢ Incised green i i i 2 veeks at 50 percent H 3.1
§  Jack pine : I relative humidity, them
$ H ! air dried L
8§ § Incised green ¢ 3 { 2 veeks at 90 perceat H 7.13
t Jack pine H ! relative humidity, thea ¢
2 H !  air dried $ :
9 3 Incised green 1 $ 2 veeks at 90 percens H 10.07
t Jack pine H ! relative humidity, thea
H ] $  alr dried H
13 : Green ocak H 1 i 2 weeks at 90 percent . 1.21
H H ! relative humidity, thon $
s : t  alr dried H
14 : Green oak : 3 : 2 wveeks at 90 percent P 1.72
H : $ relative humidity., thea ¢
: H { air dried H
1§ : Greea eak H 1 t 2 wveeks at 90 percent H 2.8%
: H ¢ relative humidity, then
$ H : air dried :
16 : Kiln-dried oak : 1 t Alr dried : 37
17 ¢ Kiln-dried oak @ 3 $ Alr dried s <1k
18 ¢ Kiln-dried osk ¢ 1 s AMr dried $ .23
19 : Xiln-dried pine ! 1l ! Alr dried H .11
20 : Kiln-dried pine : 3 ! Adr aried t .67
21 ¢ Kiln~dried pine ¢ T 3 Alr dried $ .80
25 3§ Green aspen H 7 ¢ Air dried 3 6.14%
26 i Dry spruce : 7 { Adr dried : .35
Ll : Green lodgepole : 3 ¢ Alr dried bdutt wp $ 5.30
L2 : Green lodgepole : 5 $ Alr dried dutt up H g.07
L3 : Green lodgepole : 5 $ Alr dried dutt down s 6.28
xi : Green lodgepole @ 5 ¢ Alr dried horizontal : 1.06
I8 : Green lodgepole ¢ 1 : Air dried butt up H 5.96
19 : Kiln-dried H 1 ¢ Alr dried dutt up H 27
1 H H H

lodganole
lodgsapol
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3
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whi ch considerable resin exuded to the surface. The detail

of cutting a few inches fromthe ends was inadvertently over-

| ooked.) The absorption desired could be obtained by 1 day's

steeping in a weaker solution. \akening the solution further
so that several days are required light prove to be advisable

from the standpoint of distribution.

In the case of kiln-dried oak and | odgepol e pine,

I nadequat e absorption were obtained by steeping for 7 days.
The kiln-dried jack pine with its wder band of sapwood,
showed an absorption in 7 days that was not far from satis-
faotory. As was stated elsewhere the distribution in dry
wood was quite inferior to that obtained in green wood.

It should be enphasised here that, in view of the w de
differences in size and sapwood content between posts of the
same species, the nunber treated was not sufficient to give
accurate average values for the absorptions to be expected
under given oonditions. A so the balues on total absorptions
do not show the relative treatability of the sapwood of
different species.

The use of the termdiffusion in its |ooser sense to
desi gnate spontaneous spreading to oonfusing in this ease
since it covers three separate phenonena, one of which is
diffusion in its restricted sense. It mght be desirable
therefore to adopt sonme general term other than diffusion to
designate this type of treatnent.

The ingress of chemcal into wood treated in the manner
described may be regarded as a conposite of at |east three

di stinct phenomena, namely:
-22-



(1) True diffusion of the solute fromthe surrounding
solution into free water contained in the wood. This novement
I's due to the osnmotic preesure of the solute. During seasoning
movenent of solute continues from areas of high to areas of
| ow concentration

(2) Capillary rise of the solution through interconnected
spaecs within the wood in response to the evaporation of
moi sture fromthe top

(3) The creep of solution up the side of the wood
foll owed by subsequent radial diffusion of the solute.

No attempt will be nmade here to discuss theoretica
aspects of the different types of novement of chemcal into
a green fenoe post standing partially Inmersed in an agueous
solution. Their relative inportance will no doubt vary for
different species, for different Conditions of treatnent, and
In 2-stage treatments, depending upon whether the first or
seoond chenical is under consideration. The subject is
obviously very involved and a study of corresponding

conpl exity would be needed to clarify it.

Series I1--Double-diffusion Treatments with Copper Sulfate
Pl us_Sodi um Arsenat e

It was recognized that it would be desirable to defer
doubl e-diffusion treatments until the data on the absorption
obtained in the prelimnary series were available, It would
then be possible to introduce desired anounts of copper

sulfate into posts and study the novenment of sodium arsenate
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into such posts. It was believed however, that if a few
prelimnary double-diffusion treatnents were nade at this
tine the results would be of value even though subsequent
anal yses showed that the absorptions of copper sulfate were
far fromthat desired. Accordingly, these jack pine and
three |odgepole pine posts were renoved from the treatnents
described in Series | and given varied treatments in sodi um
arsenate. The three jack pine posts were transferred to a
12.5 percent sodium arsenate solution after 4 days' steeping
in the 12.8 percent copper sulfate solution. They were
removed from the sodium arsenate solution after 5 8 and 12
days, respectively. The three |odgepole pine posts were
steeped in the copper sulfate solution for 5 days and then in
the sodi um arsenate solution for 5 7 and 10 days. The six
posts were air seasoned standing butt up. They were then
sectioned in the same nmanner as the posts in Series |, but
the grindings fromthe discs were not mxed to forma conposite
sanple for eaoh post. Instead the two bottom discs (taken
0.5 and 1.5 feet fromthe butt end) were conbined to formthe
bottom sanpl e for each post while the remaining discs were
ground together to formthe top sample. The results of the
anal yses are given in table 2.

The generally higher copper content of the upper part
of a post as conmpared with the bottomis surprising. The
increase in the percentage of sapwood going from the bottom
of the post to the top is believed to be the chief reason
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Table 2.

Post ; Species : Time 4n : L:::r:od Oulo“r, ; !:u ia ; A:urbol
Fo. ¢ H 0n30~ [ ed on H AsOy ¢ As
$ : 1 treated woed .el 0,. s based ogh«lry
: H H H i1 treated weod
: s : : :
: : Days Peraend : Days : Percent
22 z-.-.c.*.pine : ) :!1-799 ' ) : T- 0.0%
: B2 - 5.16 : : B~ 2.26
23 : Jack pine : [ : T - 5,98 : 8 : T~ W2
H M l - 3.88 . 3 B - 2.10
24 ; Jack pine B 7 - 4.5 3 12 : T~ .81
3 $ t B - 4.96 : : 3 - k.00
15 3 Lodgepele 5 1 $ < .83 3 5 $ Te .05
t  Plne s :t D - 3.98 : H 3 - 1.17
16 1 Lodgepole 5 t1 ? - 6.61 : 7 T~ .15
i pine : 13 - 3.73 : : 3~ 2.67
L7 : lodgepole : 5 : T -7.27 s 10 it e .3
t pine t : 3 =03 : t B~ 3.60
s : H 3 H
1



al though gravitational flow of solution within the post during
seasoning could be a contributing factor. The question is of
practical as well as theoretical interest and deserves some

st udy.

The ratio of the conbining weights of copper sulfate
and disodium arsenate is 1:1.17. It is apparent that the
absorption of the two salts obtained in these experinents
are decidedly out of balance. The lack of balance should be
regarded as an excess of copper rather than a deficiency of
arsenate.  This heavy absorption of copper mght be the
explanation for the poor distribution of the arsenate since
in all cases the anmount of copper in the |ower part of the
post was nore than enough to precipitate the arsenate and
thus rcndor it inmobile.

It is apparent that further experinmentation will be
necessary to get some idea of the time required to introduce
about 1 percent of sodium arsenate into wood containing about
1 percent of copper sulfate. To establish the nost effective
distribution of two salts for different climatic conditions
and to determne the conditions for obtaining such treatnment
woul d involve a tremendous amount of work which should not
be undertaken unless field tests of the conparative effec-
tiveness of different combinations of chemcals that appear
to be adapted to this method of treatment show this particular

combination to merit such study.
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Sunmar

Wien green, peeled, jack pine or |odgepole pine fence
posts are stood upright in a barrel containing a 12.8 percent
solution or copper sulfate, the absorption of chem cal seens
to be nmore rapid than when green Southern pine posts are
conpletely immersed in such solution. In 1 day's steeping,
the absorption is of the order of that specified in conmercia
pressure treatments with salt preservatives. Under favorable
conditions practically conplete penetration of sapwood nmay be
obtained in 3 days or less of steeping; if the posts are
inverted and stood upright during seasoning the fina
concentration of chemcal is usually higher in the top half
than in the bottom half when high absorptions are obtained.
The penetration of the heartwood is generally slight. The
absorption obtained in kiln-dried posts is nuch Iess, although
in 7 days an adequate absorption of chem cal may be obtained
with nearly all of the chemcal remaining in the | ower part
of the post. Wen double-diffusion treatments involving
copper sulfate and sodi um arsenate are made in barrels by a
schedule resulting in a heavy absorption of copper sulfate,
the ratio of the time required for the second bath to the
time of the first bath appears to be greater than in conplete
Imersion treatments. Under these conditions the novoment up
the post of the second chemcal is extrenely slow. Dat a
are lacking on the novenent of the second chemcal into wood
containing small to noderate amounts of the first chemcal
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