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ABSTRACT

o

Sap pine 1f:ﬂ;:ﬁwas impregnated with rosin emulsions
resinate.

on gradients it was determined that

S;5~péﬁﬁﬁgﬁ§ér-cubic foot of rosin.
The treatment was found to increasg the strength

fifty per cent though other phxgical properties were

practically unchanged. ' ‘

Toxicity tests show that rosin has little effect

on wood-destroying molds,




4 INTRODUCTION

The practice of treating timber to preserve 1t is
over & century old. The first cross ties were treated
iﬁ:this country in 1838, These were treated by dipping
iﬁlﬁichloride.of mereury solutions and it was not until
1865 that creosote came into use. The fact that early -
tregtments weré*effectivé is easily demonstrated. In
fact, there are struotures in use today that stand as

monuments to the craftsmanship of the wood treaters of

'*fgo. The trestle across Lake Pontchartrain,

half a ce
bel@ngiﬂg to tﬂé Southern Railway, rests upon creosoted
piles. This structure was built in 1883 and now, fifty
“four years later, most-of the original pile are still in
use. : |

The many yéaré of treating operations have seen
the introduction of a large number of lmpregnating agents.
@Some of the more important are ereosotg, creosote petroleum
‘01l mixtures, eréagota tar mixtures, zine chloride, sodium
fluoride and zinec meta arsenate. New comers to the field
are . paraffin (1), sulfur (2), bakelite (3) and rubber (4).
(1) Ind and Eng Chem : 27, 543 (1933) .
(2) P-Brit #272781, Dec. 16 1926 - T. L. Allison and B. Brown

(3} J Compredon, Genie Civil: 98, 426 - C. A. 276 (1932)
(4} P-Brit #340, 814 Jan. 23, 1930 - A. J. Plant




‘ There are two general pressure processes that have
Q?eﬁ used in the impregné%ion of wood. These are the
Bethell and the'Rueping_prqcesses(5)‘ In the Bethell
procass the wood 1s evacuated and the impregnating_agént,

usuaily ¢reosote, is rogped in under pressure. This

leaves the fibre cells of the wood full of oil which is

responsible for th&ﬁﬁmme,'fq;l cell' that 1s sometimes
‘ﬂ. -_‘: ‘ ;

applied to this tfj;ﬂ';mt. In the Rueping process the

air that is first”%ﬁ?cad into the wood is followed by

%

iﬁfﬁ*yat highar pressure. When sufficient

0il which is und
panetrat;aﬁgé; obtained the pressure is released the
extfa*ﬁii%fé&ined off and a veaecuum pulled. ‘This permits
the air trapped in the‘wood to expand foreing some of the
o1l out but leaving the Gell walls coated. The Ruepirg
process is sometiﬁES'called an 'empty cell' treatment.
Penetration and absorption sre, of course, closely
tied up with thé-structure of the wood itself. By far
the greater portion of the void volume of softwoods is
found in the fibre cavities(6) or cells which are really
long tubes closed at both ends énd lying parrallél to the
resin ducts and approximately perpendicular to the medulary

rays. In pine sap wood the average length and diameter of

these eells i1s .3 centimeters and ,003 centimeters respectively.

{5} 1. W. Morrow Elsct World: 99, 357
(e) Alfred J. Stamm J Phy Chem : 36,312 (1932)




In the walls of thesa'ce%ls and connecting them to the
ddjoining oneé are from ﬁhirty to three hundfédlpits,
known as the 'bordered pitS', Stretched across the
bottOm,of these pitS'aﬂqiﬁinﬁering'flow of liquids from
one'?ibre cell to the other are membranes, known s
'pit membranes'. Théﬁﬁﬂare not membranes in the true

sense .of the word si#@e-theyiare poroué. In the hardwoods

Es.'

these pores are sﬁ&ﬂiﬁﬁut in pine sap wood the average

pore radius as dﬁtdfhined by Stamm(6) is 9.7x10"% ¢

KB 8
It is thrOughpt 689 membrane pores that the penatrating

1Y ]sa on it's way from one cell to the next.
HLUaeA T
If temperature and messure of penetration are too high(?)
ar if drying conditions are drastic these pit membranes
will collapse against the pit'walls thereby closing the
poreé and preventing perme tration.
It should be mentionsd here that other avenues
i% Qién to penetration are the resin ducts and the ray cells(8)
;iﬁand that obstructions gnch as resin deposits in these
ié'passages also hinder penetration. |
' Erme st Batemen(9), J. D. MacLean(io, 11, 12, 13)
ﬁd A. M. Howald(l4) have studied the rates of penetration

J. Ds MacLean Proc Am Wood Pres Assoc: 44, (1929)
Stenley Buckman J Phy Chem : 39, 103 (1935)




of creosote, creosote oll mixtures and zinc chloride
solutions into sap wood. Their studies end discussions
have been largely conflined te the effects of temperature

and viscosity on penetr&tion rates. Though there has
baen much disagreement a large mass of evidence has been

presanted that points to the fact that temperature plays

a more important ralé than simply that of a viscosity
lowering agent. MﬁnLean found that as temperature increased

a marked increasa 1n rate or penetration wag obtained even

with zine chleride solutions. Since the change of visoosity
: 275 "m- :
of these so’;fg_% with temperature was practically negligible

he canelﬁied that temperature must have some other effect.

This has not yet been explained. There seems to be a

limitiﬁg temperature, however, above which one may not
go since the wood itself wiii be injured. Batemen
developed formulas involving penetration and viscosiﬁy for
fixed time and preésure but since wood varies so much these
are of doubtful value.

Absorption, as it is expressed, refers to total
absorption as pounds per cubic foot.quvefage creosote
treatments are eight pounds per cubic foot by the Rueping

process or twelve pounds per cublc foot by the Bethell

(9) Chem and Met Eng : 22, 359 (1930}
(10) Proc Am Wood Pres Assoo s 20, 44 (1924)

(11) Ivid zz 147 (1926).
{12) Ivila , 83, 52 (1927)
(13) Ibia ' 34, 52 (1928)

(14) Chem and Met Eng : 34, 353




process. It is thoughg that these two treatments offer
°“apppoximately equal protection.

In naming a treatment, such as an eight pound
trqétment, npthing is implded as to the distribu%i@n of

_ tpe?oil in the wood though certain minimum depth of
peﬁatration is usually 'required. Opnly two workers,
Stehley Bﬁckman&lsl and J« A. Vaughan(16) have determined
absorption gradients;in treatethdod. Bofh have worked
with wood treated by the Rueping process. The curves
that Vaughan obtained from poles that has been given
an eight pound treatment show an average absorption of
areﬁnd twenty two pound per cubic foot in the first quarter
of an inch and a sha%p:decrease from there-in to six
péunds per cubiq foot at twohinches.

Some’ work has been done on the relation of toxicity
to composition of -coxﬁme rcial orgenic impregnating agents
‘(17,18,19,20,21,22}but.no.a:priori assumption may be made
as to the effectiveness of a given chemical. Moreover

toxicity alone 1is not an.adequate yardstiek of this

(15) Ind and Eng Chem : 28, 474 (1936)
.~ (16) Proc Am Wood Pres Assoc : 1, (1934)
{17) Henry Schmitz Ind and Eng Chem :. 24, 772
~ (18) B.Bateman FProc Am Wood Pres Assoc : 17, 50 (1921)
b 19 E Bateman Ibid 20, 33 (1924)
' 4 21, 22 (1925)
Ivid 27, 128 (1931)
Ibid 28 120 (1932)

i




effhctivenasé.. Such factor as chemical stability,
volatility and leachebility must be considered(23), The
only rellable test of the value of an impregnating agent
is, it's actual use in timber. To this end, large telephone,
railroad and vood tra&ming companies maintain extensive
gardens' in which are planted poles and ties that have

been given test treatmant%.

The Opinion has often bqen expressed that fat pine
e art stock resists decay better than the lean sap wood.

- In 191l F. J. Hoxie and C. H. ‘Smith(24), after making an
extensive study or timbers used in factory construction,

ek

reporteﬂ that rosin content might be used as a rough

indicator of durability. These men believed that wood

N

containing more than 5% rosin was, in general, sound and
durable. They pointed out that rosin in wood offered
resistance, probably largely mechanical, to the growth
of fungus mycelium and claimed that it's use as an
impregnating agent had been suggested.

It should be noted that one ig}éreSted in introdueing
rosin into wood has a ehaicé of at least three methods of
acoomplishing this objective. The first of these is the
introduction of molten rosin under pressure. The objection

to this is obvious. Rosin does not become sufficiently




‘fluid until such a high temperaﬁure is reached that the

_ wooé would probably be injured.

' A second method might be the introduction of rosin
as a soiute in some cheap solvent. Unﬁoftunatelf the only
solvént that would seem feasible here is naphtha and this

: wiii'not mix well withhwat9r encountered in the fibre
cavities. ™

" A th¥rd el genld be by dlssclving rosin in
naphthe and dispersing this solution in water with the
aid of ﬁn amulsifying agent such as ammonium resinate.
 The emglsi?nfshould}be of the oil-in-water type. This is
the procedure followed in the work reported here.

8ince creosote does not mix well with water,
creosoters are_troubled with ﬁgter in wood. Buckman(25)
hes shown that even below fibre saturation an increase in
moisture increases resistance to penetration by creosote.

The term flbre saturétion deseribes the condition that

exists when the moisture content is suoh that the cell

walls are saturated but there is no free moistwe in the
cavities themselves. TFor sap pine wood this is from 25 to
%0% on the dry basis. Some wood coming to the creosoter
contains as much as 100% moisture on this basis. The

(23) Henry Schmitz Ind and Eng Chem, Anal Ed:£, 361 (1930)
(24) Eng News : 66, 727 (1911)

(25) 7 Phy Chem : 39, 103 (1935)

¥




moisture content of tpis must be lowered by air drying
and sﬁaam ahd vacuum éénditioning before it can be
successfully ereosoted.

Vaughan(16) has obtained better pénetration and
i}éhter-colored poles, that do not bleed, by intr&duoing
%he.lecithins, which are emulsifying agents, into the wood
along with the créoédfg'tpereby lowering the interfacial
tension betweeékthe;ﬁil gnd any water met in the wood.
This indicates the éd#antage of an oil-in-water emulsion
over an oil. ‘Wifh éha emulsion the outside phase is
homoganeouéﬁﬁifﬁjﬁéfer encountered in the fibre_caﬁities.

Thé"W6fk'that is reported here divides itself
netwrally into four parts. The first part deals with the
production and properties of the emulsions while the second
has to do with the actual iﬁpregnatioﬁ of the wood. 1In
order to détermine the penetrability of pine sap wood
by these emulsions, absorption gradients were run and
'ﬁenetrati&n estimated from these. The third part is |
concerned with tests made on the physical properties of
the treated wood as compered to untngatad“saﬁ@les. The
fourth part discusses the effectiveness of rogin as a

protective agent as indicated by standard toxiclty tests.

(16) Loe. cit,




PART 1

THE BEMULSIONS

A thirty percent solution of K grade gum rosin,
acid number 163, in naphtha was made. The naphtha was
th;t-sold by the American Mineral Spirits Company under
the name of 'Naphtholitg'. It's bolling range is from
230°F. to 300°F.! The gblution thus pfoduced was milky
which was probably due to the presence of coagulated rosin.
W. Schlick(26), F. Sanders(2?) and J. Scheiber(28) have
discussed the colloidal nature of benzinesolutions of
rosin. ©Six liters of this solution were dispersed in
four 1iters'of water to which sufficient ammonium hydroxide
had been added to neutralize one fifth of the rosin. The
ammonium resinate which is tﬁeqemulsifyiug agent, is formed
in solution.

Preliminary experiments showed that larger ratios of
ammonie to rosin increased the stability of the emulsions
but algo increased the tendency to form emulsions of the
water-in-oil type. These were jeliy—;;ke in structure.

The first of these emulsions was made in a colloid
mill at the University of Georgia by Dr. Whitehead but a

special sort of agitator was soon designed that was capable

of turning out a teﬁ_liter batch in a few minutes. A

16, 2032

(26) Farben, Ztg : 27, 1439 (1822) C.A. : |
(27) Farbe, U Loch : (1932) 643 C.A. : 27, 1527
{28) Farbe, U Loch : (1932) 644 C.A, = 37, 1627




picture of the mill is shown in Fig. 1.

It consisted of a five gallon orock, with an
outlet at the bottom, in yhich was placed a cylindrical
squirrel-cage stator. The inside of this stator was
covered with finme mesh screen wire. The rotor was made
py splitting the wall of a quarter inch pipe into four
strips for a distance of seven inches up the pipe and then
turning these strips back upon the upper parf of the pipe
forming four approximately circular inclosures. These
inclosures were covered with hardware clothf The rotor
i was coqngcted directly to a quarter horse power motor and
%E-was‘Supported by a brass thrust bearing that rested on the

,E'bottom.of the crock.




11

Emulsions prepared according to the formula glven
~above had a dénsity of :90 and a viseositj of 2.09
;fcentipoises at 80° F. Density-was determined picnometrically
f'and viscosity was determined in an Ostwald viscosimeter.
?'thaﬁ’has been standardized against distilled water. The

i roein content of the emulsion was 15.8%. This was
ﬂ:determined by weighing a sample into a tared 100 ml.

- ~ beaker and disti:lgling of‘f the naphtha and water on an

l electric hot plate abbve which the air was kept in motion

; by an electrio f&n.

1 The average droplet diameter was estimated by a

E mwe thod given in Volume 1 of Alexander's Colloidal Chemistry.
:'This consists of placing the_emnlsion on a haemocyﬁomater

i which is so arranged ﬁhét a volume of the liquid four

? millimeters by four millimeters by one tenth of a millimeter
3 can be observed. When this 1s placed under a microscope

. with dark fileld illuminsation the droplets in this volume

. show up as tiny stars. These are counted and if the weight
i of the dispersed phase in this volume and it's density are
'? known the average partical diameter ﬁgg be calculated on

? the assumption that the drops are spherical.

- In using this method with the rosin emulsion it was

ifnecessary to dilute the emulsion one million times to make




éoqnting possible. ngnty counts were made on the above
- ~.volume and tﬁe aver&gé Qumber of droplet found was 154.
The density of the benzime rosin solution as determined
picpémetrically was found to be .78.

3 Calciulations follow-
HGfahs‘of benzine rosin solution per éubic millimeter of
+158°X 490 | "

s = 4,74 x 107
.30 x 1000 X 1000000

diluted emulsions=

Cubie millimeters qf rosin solution in the ﬁolums of diluted
4,74 X 10730 x 1000 X 4 X 4 X .1

“emulsion obéervad =

OI?B
= 9,77 X 10-7
9,77 X 10-7

The average volume of each droplet =

*

154

6.33 X 10”9 ecu. mm.

L3 |

Volume = 1/6 ¢1 d°
6.33 X 10=9 = 1/6 ¥ a%
d = 3.37 X 107% millimeters
Some of the larger ones measured with a calibrated
micrometer eye piece had a diameter ofwé X 10-% millimeters.
It should be noted here that this is smaller than the

average diameter of the pit membrane pores, as determined

by Stemm; which is 19.4 X 10~° millimeters.




Summary of properfias of the emulsion.

Density - .90
Viscosity - 2.09 centipoises
- Rosin content - 15.8% |
'Avérage droplet @i&mﬁter - 3.37 x 10-° millime ters.,

F ]
o=

»
&




PART 2

TMPREGNATION

©

EXFERIMENTAL -

The wood used in these tests was slash pine sap wood.
It had been seasoned to the point that is called 'shipping
weiéhtﬁ,'being approximately seventy days from the stump
and qoﬁtaining from 38 to 40% moisture, on the dry basis.
No iﬁitial steamifig tye&;maﬁt was given.

Both transverse and logitudinal absorption gradients
were determined for varying fimes of impregnation. ZFor the
iqgitudinal tests two by fours four feet long were used.

In order to protect these from transverse penéetration,
they were given two coats of automotive lacquqr on the
sides. Only the two eﬁds.were left open to penetration.
For the transverse tests fouriby fours ffbm elght to ten
inches long were used. These were given a double coat

of lacquer on the ends so that they were penetrable only
from the sides. To test the effectiveness of the lacquer
coating in preventing penetration, two blocks were coated on
all sides and treated. When tested, by & method to be
described later, they showed no greater rosin content than
that of the original wood. |

Impregnation was carried out by what was essentially

a Bethell process with an added heat treatment. The wood

F
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-

was charged into a pressure cylinder, which is described
later, and a vacuum of twenty seven inches of mercury was
pulled for thirty minutes. The cylinder was next filled
wiyh emulsion at an average temperature of 75° F. and
Zélﬁéunds per square inch pressure was applied for from
fivg to thirty minutes: The emulsion was then drained

A

off and the wood left open to the atmosphere, through a
condenser, while its temperatur% was slowly raised to
200° F, This rise in temperature required two hours

and at the end of this time the treatment was complete.
This heat treatment at the end was found to be ﬁecessary
to prevent the leaching of emulsion from the wood by
water.

Experimeﬁts on small blocks showed that hot water
would extrsct emulsion from the wood a month after treatment
if the wood was not heated at the end of the treating process.
The heat treatment seemed to break the emulsion in the wood
and fix the rosin there so that water could not extract it.

A pilecture of the apparatus usgg for the impregnation

is shown in Fig. 2.




- Fig. 2.

A - Pressure cylinder. This is equipped with steam
coils for heating.

B - Compresséd_air line.

C - Multi-tubular sufééce.condenser. This condenses
the naphtha end water that distills out of the wood during
the heating period. |

D - Receiver in which this condensed mixture 1is
collected.

E - Vacuum pump used to evacuate the system.

In fhe transverse absorption test the corners of the
treated blocks were cut out as shown in the Fig. 3. to
eliminate the cumulative effect at the corners ds far as.
possgible. Samples were then taken from each éuarter Sf an

ineh, marked 1 to 7 in the figure. The four by fours were
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three
dressed when received and therefore measured only
re
: | : 1 ed 1
4 five eighths inches.. All of the gections mark 5
m@__n

: ; sture
hree blocks were combined end the rosin and mol

from t
determined in a sample taken from

this composite. The

samejprocedure was followed with sections marked 2 through
.7: ;TLG analysis of this series of samples of wood treated
urder a certain specified §et of conditions constitutes &

run. The depth.%f the number 1 sample was taken as_the

average depth or oneﬁeighth of én inch while that for
-numbér 2 was three eighths of an inch etc. A band saw

was used to d¢ut fhese samples as_well.as to further subdivide

them to fadilitate subsequent extration. For each run two

compogite samples were taken in which naphtha was determined.
In the longitﬁdinal testy samples were taken in the

form of thin slabs out perpendicular to the length of the

riece and at given distances from the end as shown in Fig. 4.

The depth at which the samples were taken varied according

to the penetration expected. Eight samples were taken for

each run and as in the case of the transverse tests composites

were taken from three pieces.

It was found moré convenient to weigh the samples used
for analysis than to measure their volﬁﬁe. Thirty gram
samples were used. Since the rosin content should be stated

in pounds per cubic foot to be consistent with the practice

4




of creosoters it wag.necessary to estimate the demsity of

the treated wood.'Tﬁ do this blocks one inch by one inch

by one half inch were cut, accurately measured with calipers

“énd welghed on a pan ﬁa;lance which was sens-itive to a

’ ﬁﬁﬁdredth of a gram. Two blocks were wéighed for each

run made. i
Both longitudinal and transverse runs were made for

five, ten, twantj5and thirtyhminﬁtes. The lengths of time

referred to hereﬂrgpresent the pressure periods or the time

while the liquid is in confact with the wood. |
Tests were made on treﬁted wood both before and

after -the heating period in order to determine the effect

of this heating on rosin digtribution in the wood.




"ANALYTICAL -

- The samples of wood used for rosin, moisture or
naphtha determinations were subdivided to chips approximately
oné;éﬁarter by one quarter by one eighth of an inch. The
Sméllest dimension 1s=alpng-the_grain. The samples were
cut with a fine toothed-banﬁ saw and broken to size. A
thirty gram samplg:wﬁéﬁweighed a?d placed in stoppered
500 ml. erlenmeyer flask tc.prevént loss of water. Moisture
and rosin were determined on the same sample.

In the moisture and rosin determination the moisture
tube and condenser were arranged as shown in Fig. 5. The
moisture tubes C were made and calibrated.. They ére a
modificatioﬁ of the tubes usedlin the wood treating.industry
for this purpose. |

.Na.phtha was poured down the condenser until the

moisture tube was full and then 100 e.c. more were added
direétly to the erlenmeyer flask which contained the sample.
The flask was then heated with a gas burner énd kept
refluxing until no more water collectéa in G.. This usually
required two hours. At the end of this time the moisture
was readudirectly from the tube C.

The flasks were now removed and the naphtha rosin




‘-!

» extract poured off thru a cloth filter'in£o an0ther
500 ml. erlenmeyer flask. This cloth filter was saved.
76 c.c. of fresh naphtha was now added to the chips, the
fiqéﬁhcdnnacted ﬁp és_before_and the sample ref1uxed for
an hour. At ‘the énd{af*this time the naﬁhﬁha“w&é poursed
off again thru the sama fl}ter and into the same erlenmeyer
flask. The wholg prccedure was repeated with another 75 6.0
of fresh naphtha and this extract combined. with the other
two. The cloth fi;ter was washed and the washings added
to the extractgj' | _
The molsture tube wds now replaced by a wide mouth
bottle which acted as a recelver. The eondenserlwas tilted
and the erlenmeyer flask contagning the combined extracts
and wasﬁing was connected toTit's upper end as shown in
Fig. 6. Naphtha was evaporated off until only 30 c.oc.
remained in the flask. This was transfered to a ﬁéred
ioo ml, beaker which was placed on an electric hot plate
and the naphtha evaporated off leaving the rosin which
was weighed. During the evaporation & current of air was

kept moving over the beaker. The end point of the evaporation

was indicated by a.distinct change in edor.

To test the effectiveness bf the triplé-ektrabtion :
the spent chips from sixteén samples wére GOmbinad; placed
in a three liter flask, covered with naphtha and refluxed

for three hours. The extract from this ylelded .2 grams of
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Rogin., These same chips had given up approximately 50
grams of rosin in the first three extractions. Tests on
evaporation technique were made by dissolving known
weights of fosin in napﬁthé, evaporating down and
checking the weight ‘of the residue,

Fig. 7 Shawa a‘rack designed to accomodate
seventeen flasks and condensérs. The plece that supports
the condenders i§ made so that it may be tilted back
placing tﬁgfaoﬁdenders in the position indiﬁated by Fig. 6.
Metal shelves are provided in both the back and front to
support flasks and burners. Botp the extraction and the
initial concentrating of the'q§tracts may be carried out

without teking down the condénsers.

4
Fig. '96




In the naphtha determination the tube shown in

- Flg. 8 was connected up in the same manner as the moisture
tube was connected in Fig. 5. A fifty gram semple of
dhipg was placed in the flask and 150 ¢ ¢. of water was
édda@. This was refluxed until no more naphtha collected
in the calibrated section .of the tube marked K, The water
that returned fi%m‘the'eondensgr fell thru the naphtha
that had collected in_K and retﬁrned.to the flask thru

the tube A, A large number of known samples were made

up by adding given amounts of ﬁaphtha to dry chips. These
were run by the method given above as a check on the technique.
The error as indicated was sometimes as much as ten per.

cent.




:”' Calculations necessary to make date interpretable
Apalysis glves rosin as grams per thirty gréms'of
f_sample. To change to pounds per cubiec foot -

weight of rosin X density of wood X 62.42

1b8/ cuft. =
L 30

, Water 1is given as cublce centimeters per thirty grams
~ of sample. To chéﬁge to percentage on dry basis -
¢ ¢, water X 1 X 100

% moisture =
30 = ( ¢ c. water X 1)

Naphtha is gilven as cublic centimeters per fifty
grams of sample. To change to percentage =

. ¢ 6. naphtha X .72 X 100

% naphtha =
50

Density of naphtha is .72 at 80° .
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ﬁ?, RUN A - Transverse absorption - Time 5 minutes

Sample
No.

1.
2
S
4.
5.
6o
7

| ngple Degth
No. .
Ay 1/8
2. - .3/8
By’ s/s
4. ; 7/8 -
5. i'l/s
6a 1378
T L 508
Original

Wood ===

'Degth. " Density

1/8

1 148
1 3/8
1 5/8

Before heating period

Density

.73

0:55

After heating period

«54

03

Moisture
C Ce

11.0
11.3
11.0
11.0
11.1
11.2
11,4

8.7

Average naphtha content = 3.2%

Moisture
C Co

Fe
7649
7e2
'6;1
70
6.9
Ted

Average naphtha content = 1.8%

4

Run B - Transverse absorpifon - Time 5 minutes

Moisture Rosin  Rosin |
% dry basis grams lbs/cuft,'”g
59 5.08 4]
60 2.61  3.92
59 2.91 4,38
59 1.43 2.15.
59 .61 .92
60 o4l D2
61 25 35
41 .48 55
Molsture - Rosin Rosin = i
% dry basis geams lbgfcgfyfgi
- R ST
30 3430 371
. Bl 2.60  3.02
85 1.78 2.00
- 30 77 87
30 .78 .88
33 a7 .53
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Sample Depth Deggity Moisture ,ﬁﬁ%ﬁ#ﬂié;_l Rosin  Rosin .'ﬁ?
i No." Gaiiele e U0 o 3,%!q3¥'hasis grams  lbs/cuft. |
r;l.' S B E s 10,0 G nes ied 2f86- 488 0
5 308 mER - 10.2 ! ?;ﬁ; Bl . 2.0 4,40
5. . ioog/e BEEEE 0.3 0 A woivg - hide
S 1fi/éf | .

Saody o "-51"'  8T Mse :

g, SRR o "o 56 28 5 nEei

Original g £ : :
woed e g e 052 - 8.6 - 40 s «48

Average naphtha contant 2 3y 1% _
RUN B - Tranaverse absorptdon - Time 10 minutes
After heating period

Samplae_,Degth ‘Density Moilsture Moisture Rosin Rosin = |
No. : ¢ ce - % ary basis grams 1b/cuft. f

¥, 1/8 | 6.4 27 4,00 4,80
fé. 3/8 shs 647 29 2462 :s;qof.fflf

T £y W o sam ]

4. /8 : 7.2 32 2,45 2,81 H

By e e ey 33 2,05 2485

B 13/8 Rt A =BT .93

SRR 5 T e g S
Average naphtha contents = 2.5% . .
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i-ﬁﬂN_E - Transverse ébﬂbrption # Timeizélﬁi

| Before the heating period.

i'Samﬁla Degth Moisture  Moisture 'Déﬁgigy;
Now- ! - 00- % dI’Y basis Rer o

i Thug et SR U 10@k " . 51 i O 2.81

gl s
oo o 5m o
e g 7/8 .rl.ﬁnﬁ
B 1

51 1T e

+
51 oaae
50 S n e g

i, T8 e
53 _ 1.74

7. 15/8 10.3 52 .50

E.OTiginhl' e 2 . : :
¢ wood - ok L .54 e51

| Averagé naphtha content % 3./1% |
%:RUN.F ~ Transverse absopption - = ~ Time 20 minutes -
i'After'the-heating.perioﬁ.

:f Sample . Depth ﬁoiétﬁre Moisture Deneilty  Rosin
s Noe » e €. % dry basis grams

S aet s 25 4.10

8. - 3/8 6.0 25 2.65
: ' : «553 :

Be o HinBiE 640, 1 25 : 2.92

4. 1 R 24 & 3.25
.53

7 1 5.8 e e g ' 4P

‘Rosin
Grams

- 5. iwe 0 55 ' LR

Bl L o e L. v B
&, - &9/8 6.8 30 ! e

I 'R0S1n"
 Ib/cufts

4,21
4.38
4,12
891
2.61
142
75

055

Rosin
_lbs/cuft.

4.81
3.10
3e42
3.81
3400
3.02
2,00




— A o T - a

content

—y——

|
N

ELTIES, CE1REH R B

-

dad;
‘1 loriginal rodin

|
eriod j'

S—

e

o« tiime.20 minj !

|
e of podd |

2 it

d T
Cdeed
@
S = e
H ”1M._.
...|n
- 1
s
'
ral _
.M {
¥
¢m
[o]
Ty
= eu
= o

1
|

L B

|
|

|
i i e
'heafini D

ey —

bsorptio
il IS

er

5 5

}
ke BALEY __

HARe

GI’_SB’ _a
l )
]
5 'f)l ANULR

25 it sl e

!

R

JQ'
the
ce-Trom surfac

|
i

|
iwnuanisnobd
|

i
+~*--+-*_-
1.0
de_from.surfacejnf;w

i i

i

3 npe s usrn pos
leran
.i;_Diata

I
B o [ A

5y ) Yids) 1
I { ; [
| 1 !
A i e SR e i S | s L
! ) ol

| Distan




RUN G,-,Transverse-aBSbrption -~ Time Ebﬁmiﬁﬁﬁésf
Before the heating“ﬁhii@d.' e

;ﬁoisture- Moiat.féi “‘Rosin & Roain

Sampla _Degth Deﬁ?i"“ a1 2 AR
A e € % dry basis grams 1bs/cuft. ol

No..
1z i 1/8 L 3y Gl 8,09 dige sl
2o B ?; *1 10.1 e 2489  4.32

Se 5/8 s fio.e -51 o 2,9? . 4.45
RS /8

| 1044 " 8 - 2.8 4,81 |
be Ml e BE T U Uad 0 JTies o .

‘B LS 9.6 - a7 2.00° .3.00
Sty 5/87. | O O Ry

Original : _
‘wood i «53 8 5 39 o447 7. WOl

Average naphtha content =22 9%
RUN H - Transverse absorption © - Time B0 minutes
After the heating period.

Sample Degth Denalty Molsture Moisture Rosgin Rosin'
No. - : : ¢ Ce % dry basis gpams 3bs/cuft.

i 1/8 | 5 21 4,04 4m1
B, 3/8 5.3 = e B Y 3.21
3. 5/8 % - LT 8B
&y 7/8 _ BB g eiah 2917
5. 1 U8 ok 7ol 8l 2466 810
6 1 a8 T 5658 30 2.87 = 3.35

o 1 5/8 7.4 33 2.41 2.81

Average naphtha content = 2.1% §
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= RON I - Longitudinal absorption iy Tima 5 minutes

' Befors the heating peb f&;  L Averaga naphth fcontent

? Sample Dqﬁth 'DQ Mgiature Moiature Rosin

Nnoe <+**
P
e

1
BB .

7

9

4, ok o o 60 56

5. T TSRt T 60 Gl

T oo S0 LT 10.2 62 W42

;'RUN J - Longitudinal abaorption - Time 5 minutes
;"Aftar the heating period. 5k Kvérage naphtha content

- No. s - c ¢s % dry basls grems
E 1,

e 6.4 29 .80
%ﬁi Se
+51 :

E .. s 31 .62

i

6 - e .85

© X o

E s, |
e % «52 : _
G 11 [ 6.8 29 ' «50

!‘“g_c Ce % dry basis grams -
2000 S T

Mg Tegitae v
8. 3B 11.4 66 . 37
f{Sample  Depth Density Molstare Moisture Rosi@.

5.3 21 327

6.0 25 65

. e e
s, 15 e e g% Bl

.o%

Roain :
lb/cufts

2.16
1.26
1,27
.81
+50
.47
.61
54

1.7%

Roaim :
1bs/cuft,

354
87
71
67
92
58 -
b
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. _RUN K & Longitudinal absarption .Q'Tima i? fﬁw;ﬁﬁs 
| Before the heatlng pariad.;zl Average naph%ha content‘ 5.2%

‘Sample Dapth Densi’ btature Moisture ~ Rosin Rosin M
A 4 e c. % dry basis gr ams. Ibs/cuft.

.1; -; y@;s. -:.56 T@' l 58. 2‘51 :

2. g ssf'j;;l;[-‘v4 2ep8
30 'I11F5 . : sz}f:- ':;:;42:I_ .Gl

4. 60 .63 92

© ~F o G M
&

54 T 60 59 w86
§c Lo ke e g RS B T e
-y A 5 L e e T 51
oo T N T R N R

RUN L - Longlitudinal Absorption ' ¥'TimeJ10 minutes

Befor§ the heating periods ;_ Averdge naphtha content = 2.4%

Sample DePth Denﬁity Moisture  Molsture Bosin Rosin e
No. : : ¢ c. % day Basis grams los/cufts |

P

691 25 Eolgh 2051';
2 '.. A

600 : 25 l96 1010 Lt
«52 ; s S
Se : Ted 33 +64 Py T
: 74 23 ; «71 «81
« 02 -t
4 744 53 oS o42

4.

© 1 o &

5. _ :
64 3L | Bad o o83 .84 .9
VQ " 13 oo R #,§~ : .34 f a42ﬁ; .QB.

8.- . 15 ; .713 T -.66'ﬁf"7.76 
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M - Longitudinal absnrptiOn = Time

%fefere the heating pariod.-. Average napff;. 1 Ttent = 311%

ii&mple,,ubggth Density_ .Moiﬁture Moig_ = Rogin\ Rosin
k. no. e @ Qe W dry"'basia grama. 1b5/cuft.

‘ 1045 §Bfﬁ;sf 1.65 2 45. ?: ﬂ
10,6 .o B8 g h e
'i0~7' :55}??. ¢ £ﬁ§74'1 l 101 ”ﬁlJFH

e

O
o

© = O - e
*

B 11 11.1 - 89 «H8 «84

=
—

Po i uilB T T 60 .49 .72

F s, 15 LR e B4 .50

-f RUN N -~ Longitudinal absorﬁtion- = Time @o mintues :

; After the heating period. Aﬁbfaée'naphtga;dqntent - 2;3%1 

5  Sample -Dégth Density  Moilsture Moisgu;é : Rosin '_Rogigz _
No. ¢ ¢s»  %dAry basls grams 1lbs/cuft.

1. 5.8 24 1.97 2.31

1

By 3 5.7 23 1,68  1.97
B, LT e 5.9 25 T4 BT
4. 9 6.0 25 TR, 6
: . 53 5 3

54 13 £655 B .61 T

6. 15 6.4 27 .54 .63
o 5570 | 6.8 30 A6l
8. 23 = L 31 ol e
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RUN O - Longltudinal ebsorption - Time 30 minut _ :

Now = S ¢ ce % dry basis grams lbs/cuft.

o T L o ,10s3 B2 . 1.80  2.63

Before the-heating;péﬁi'ﬁ..  _AVGragehg

g 4 T ke ) LBE e .81 . 2,08
5 g 7 1046 Rl T

aiae e e ase

Y6 W ;o e 63 B8 Y ek
Te 21_ - 11l.1 .~ 0% - 56 «53

8 24 Coklee 66 3 geeat

RUN P - Longltudinal absbrﬁtibﬁ;_*ﬁ_Tima_ﬁﬁ minutes

Afﬁsr the heating pariod¢ : wkﬁerage naphxha content = 2.2%

Semple Depth Density Molsture Moisture Rosin Rosin
No. ; e G % dry basis grams 1bs/cuft,

1

s 3 5.8 24 1.58 1.85

| .53 _

3. e 642 26 1,12 1431
9

SR i o ; -
e B 6.8 30 - .51 2k
Tew M - 6.9 30 .62 72

B g8 Ted 35 ST WA
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sz |

RUN @ Both Transverse and Longitudinal;Epnéﬁfatinn.

Time one hour,

Sample Density Rosin - -+ Rosin
Now grams 1lbs/cuft.
1 2.90 3442
2. S 3.00  3.52
| il
5' + 2096 3.48
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DISCUSSION ‘OF RESULTS =

The absorbtién gradients were all run on one lot of wood

~and ; therefore, show*bﬁlyﬂténdbncies for sap pine lumber in

general., In order to &iﬁiﬁitély determine average pentration
and absorbtion rates in saﬁ;yine as a class, a large number

of samples taken fromﬁﬁifferent strains and from pieces that

-had‘éﬁperienced d@ifferent growth conditions would have to be

tested; The axperiqugofmereosoters leads one to believe
that.the_exa@t ca?ﬁeiétibn‘bf data thus obatined would be
impossible. Hoﬁ&f&f{ft@sts on one strain and lot should
show tendencies of the whole class.

Penetration as indicated by absorbtion gradient curves
is rapid. Runs A, C and D show one and three eights inches
of transverse penetration in five miﬁutes, nearly one and one
half inches in ten minutes aﬁd complete penetration of the
four by fours in twenty minu?es. Longiiudinal penetration
in five, ten, twenty and thirty minutes as indicated by the
curves for runs I,K,M and O were nine inches, thirteen
inches, fifteen inches and fifteen inches. The heat
treatment which further inereaéed penetration_was not used
in the above mentioned runs.

Penétréﬁion is more rapid thantphat'for creosote as
indicated by Bateman's (9) data.

The average ratio of longitudinal to transverse
penetration is 8:1., Values given by MacLean (29) for sap
pine wood are 18:5 for.penetration by coal tar creosote and

25:7 for zine chloride solutions.
¥

(29) Engineering News Record): 102,176 (1929)




In reference to penetratiqn reported here, two facts
should be noted. First, the use of composite semples tended
’to give the maximuﬁ pe;btration rﬁther than the average and,
second, penetration in small pieces, all sap wood, cannot be
compared to that in lérge poles contalning a heart wood center.

If the rosin, na?ﬁ?ﬁa and moisture contents and the
déhaity of the treated.épog is known, the density (d,) of
dry, naphtha free, roggp free wood may be calculated by -

10065 wat_ex:-% ;Iaphtha-% rosin X d

d = .
9 100

Taking sample l,run A as an example
100-36.7-33 2"1000 I. ?2 : .56
100

) The average value obtained froma number of such
calculations is .36. Using Starm's (6) value of 1.52
for fibre density the ¥olume.of the voids (V) in a cubie

foot of dry wood may be calculated by =

1.52=,.35

b 1 .77 cubic feet.

1.32
. Both weight and volume of the original rosin in the
sap wood is negligible in these calculations.
The wood used for the tests coﬁéained an average of
40% moisture on the dry basis., This water occupied some

of the ebove calcualted void volume. The void volume

(6) Loc. git.




38

(V1) in a eubie fo@t'otutha original wood is given by -
o77 = .35 X .40 = .63 cubic feet '
Theoretically, the greatest amount of rosin that

may be injected into the wood by the emulsion is - oy

. .63 (90 x 62,4).158 - 5,59 pounds per cubic foot,

The original woed contained an average of .53
pounds of rosin per cubie ?aot. Therefore, the greatest
possible rosin content in the treated wood is 6.12 pounds
per oubie foot,

The maximum treatment theoretically possible, which
would be had only when all of the void volume was filled
with emulsion, corresponds, volume for volume, to a 40.4
pounds per cubie foot ereosote treatment,

The greatest rosin content actually observed was
4,81 pounds per eubie foot. This was in run ¥, The
extrapolation of both this curve and that of run H show a
concentration of 5.3 pounds per cubiec foot in the outer
fibre.

Of this rosin eontent 4.77 pounds per cubic foot
was injected with the emulsion. This is equivalent to
the £111ing of 85.4% of the voids with emulsion and
corresponds to a 34.2 pound creosote treatment.

In the runs marked 'before the heating period?
no heat treatment was given and the treatment was
essentially a straight Bethell process, These shall
be referred to as the straight Bethell runs, hereafter,

It was necessary, however, to give the heat treatment




to decrease leachability. Itﬂwah'giv%ﬁﬁfr¢

.marked 'after the heating period!: and’ thesi

referred to as the heat treated‘ruHSafﬁ“&if_P @?%3 g
The affect of the heating perio&‘bﬁfﬁréﬁﬁﬁdr59<

absorbtion gradients was very merked, -~ No data have
beéh published on absorbtion gradients-in°&nBethell
procesé, 80 that there is néthing with which to_gomp&re
the straight Betggll rnﬁs.f The cnmvea‘fOrJtheSQ,runs, Ay By
E and G, indicate thet absorbtion reaches a maximum of

approximately 4.5 pounds per cubic foot and that this maximum

: -moves in as time of penetration is increased. This maximum
corresponds to the filling of 71% of the voids in the wood

f with emulsion. The curves probably show the distribution

f of emulsion that exists for the heat treated run just before the
heatiﬁg period is sfarted. . |

It was observed during the heat treatment that

§ some of the broken emulsion was forced out of the wood,
The curves for runs, B, D, F and H indicate that
fhe heat treatment depresses the maximum plateaun
forming a lower and wider plateau at approximately
3.3 pounds per cubic foot and also ingreasing the
concentration in the outer fibre. LIt should be noted
that as time increases the lower plateau moves in. 3.3
pounds ‘per cubie foot corresponds to the fillinmg of 50%
of the voids.
For the thirty minute run this 3.3 pound per cubie

i .
foot concentration seems to be that in the major portion




of the wood., In order to.determine'if;il

.value of absorbtibn fprxﬁhe conditioﬁs'imposqﬁgiiiﬁ;QfWaa.
made in which four by fours were impregnéﬁédfﬁofﬁ,i#anéversely
and longitudinally for one hour. Composite semples taken
in&ieﬁtéd'&n average concentration of 3.47 pound perigﬁﬁio‘_
foot which would tend to show that a limiting value haaf_; ;
indeed been reached.

The effect iof the-ﬁeé%ing period on longitudinal
absorption gradients was similar" to that on the transverse
_ gradients though not so pronﬁunced‘ The general effect
was the depression of the centrhl.portion of the curve
ani-inéreasing the contentration at the outside enég

Combinations of the curves for absorption gradients
are given. jTheée show very well how the maximum plateaus
of transverse absorption move into the wood as time
inc reases. The curves for longitudinal absorption show
an increase in rosin content with time but no maximum
-plateaus. A

While longitudinal penetratioﬁ is great absorbtion
from that direction seems to be small except in the ends
of the pieces. | B

Little is to be learned fromthe moisture data that
are at hand. Smooth moisture gradient éurves which might

tell something about rates of drying can be obtained in

so few cases that their validity would be .doubtful.
i . 5
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Thé effect of the heating period on moisture content
-is greafer than is indieated by the data since it was
necessﬁry to air dry the jieces that were not given the
heat treatment for a few days to facilitate the 6utting
of samples. | |
This explains_tha low value obtained for naphtha
content in the straighf B;thall runs. When the heating
period was started the wood coﬁtained large qugntities
of water and naphthalthat had served to carry the rosin .

in.




CONCLUSTION
The hedt treatment gave much the effect of a

Rueping treatment. The impregnating agent 18 forced
out of the wood in much the same manner as the air
Torces the creosote out in the above méﬁtioned treatment.

| The depression of the absorbtion gradient curves
and the increase in'conpénﬁration in the outer fibres
on heating mighé’be ekplained by the creatidn of pressure
in the wood due to the vaﬁoriza;ion df naphtha end water.
The pressure would be higher where there was the greatest
quantitf of emulsion. This would be at the place indicated
by the maximum plateaus of the straight Bethell runs.
This pressure would tend to force the emulsion both in
and out. The curves,indicate“an_inorease in penetration
due to the heat treatment. It should be remembered that
the emulsion is now breaking down due to the heat. The
outside of the pilece would be the easiest avenue of escape
so that more of the broken emulsion will be forced in that
diracfion. The heat is flowing in from the surface so
that the naphtha rosin solution is being concentrated
as it is forced out., Close to the surface the naphtha
solution of rosin is so concentrated that the rosin

begins to separate out increasing the concentration at

that point.




The resin ducts iﬁ the wood run along the grain
or longitudinally. These ducts are large and should
offer free passage to liguids penetrating in that
dirgetion. Since the total void volume 1n the ducts 1is
reiatively small no great concentration could be built
up by.penetration through them. |

The curvegrobtain;d }or longitudinal absorbtion
gradients show deep penetration:but low absorbtion
except c¢lose to the ends, from which the penetration
 starts. These high concentrations in the ends might
be due to penetration through the fibre cavities while
the low concentrations deep in the wood might be due
to penetration through the resin ducts.

Regardless of the mechanism by which the rosin
enters and is distributed through the wood by the
heating period, the fact remains that the maximum

treatment that can be obtained is approximately 3.3
pounds per cubic foot. This treatment, however, may

be obtained in thirty minutes for four by fours.




PART 3
©  PHYSICAL PROPERTIES

Some of the physical properties of the treated wood
as compared to those of the original wood are listed below.

1. Color - The treated specimens were only slightly
darker than the original wood.

2. Milling - The treated pieces could be worked as
well as the original wood. No difficulty was experienced
in cutting samgles.'

3. Warping - In order to ﬁest for warping, both
during the process and in drying after treatment, samples
one qﬁarter 6f an inch by three and five eighths inches,
four feet long, were cut, treated and air dried. These
were not warped after treatment and were only slightly
twisted after drying for two-weeks.

4, Checking --Observations made during the drying
of both the originel and treated wood indicated no
difference in the tendency to check.

5. Painting - Small paddles of the original and
the treated wood were painted with a lead oil white paint,
a flat white paint and & clear varnish. ‘The treated and
original wood took the paints and varnish equally well.
This is a point worthy of consideration. A series of
tests made bj H. A. Gardner(30) showed that creosote bled

through as many as three coats of red lead, white lead

' i
(30) Paint Manufacturers Association Circular No. 286
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and a lead free paint. Wood treated with rosin emulsions
showed no tendency to hlaéa.

6. Strength - Transverse strength tests were made
on clear samples of the original and treated wood. The |
treated samples were impregnated with emulsion that
eentéinad varying concentration of rosin in erder to get
uniform distribution of varying amounts of resinm in the
wood. by ’ |

The emulsions were simply'diluted with the desired
eamount of water, placed in the emulsifier and agitated
until homogeneous, |

The rosin analysis was run on the samples of wood
as soon as the treatment was finished but specimens were
not tested for strength until they had air dried to
practieally equivalent.mdisturq contents, Several
moisture determinations had to be made on the samples asl
they dried to assure the following of this procedure.

No difficulty was experienced in this as all the treated
an& original wood had dried te approximately the same
moisture content in twenty three days.

| The actual transverse breaking tests were run by
a method used by the Experimental Engineering Laboratory
of the Georgia School of Technology and on the equipment
used by that Department: The method 1s an adaptation
of the AyS,T.,Ms method for small clear timbers.,
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Samples were approximately one and five eighths
inches by five eighths inches by twenty inches. Each

ore was accurately measured when tested. These were
of course, clear of knoﬁs and blemishes and all had

been taken originelly from the same piece of timber.
The samples were placed on two supports eighteen
inches apart ani the load was applied at the center
of the span thus formed. This load was increased until
the specimen broke. As one of the supports was resting
on a platform scale with an indicating dial the increase
in load could be followed. The maximum scale reading
was recorded and this was doubled to give the breaking
load. At least four specimens were broken for each of
the treatments_and five were taken for the original wood.
Ultimate strength (S) was calculated from
_ Me
S = = where M = maximum bending moment
I ¢ = distance from the outermost
fibre to the neutral center.
I = moment of inertia of the
section.
For a simple beam loaded at the, center
Pl

M = — where P
4 1

breaking load in pounds
length of span in inches




For a rectangular section

T =£31/a8 bd% where 4 = thickness of piece in the
direction in which the load
is applied _

b = width of piece normal to the
direction of the appiied load.
d
C = — (50)
2

Results obtained on short samples of e different lot

of wood are also reported. These were given a straight

Bethell treatmént.

(30) Mechanics of Materials, Merriman, John Wiley and Sons
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DATA =
Transverse Strength Test =~ Length of span 18".

Samples heat treated.

Sample Rosin b d P 8 Molsture %
' in wood dry basis
lbs/cuft.

Original s .

X, Y 1.62 .78 448 12250

2% 1.69 .62 " 376 15320

+55 ; 12

By 1.56 .75 398 12220

4, 1.62 .69 346 12110

Be 1.75 .78 294 7500

Average 11840

Run R. - _
L 1.62 .69 402 14200
2. . 1.75 .62 415 16480
S 175 .02 466 18400
4, l.62 +62 468 21400
Be : l.62 62 458  194I0
Average 17980
Run 8. .
le l.62 «H2 422 .= 17800
2e 1.50 «62 332 14600
2.97 11
Oe 1+50 +62 404 17600
4, S 1.50 .69 388 14900
Average T6220




Transverse Strength Test - Length of Span 18".
Samples heat treated.

Sample Rosin b a P 8 Moisture %
in wood dry basis
1bs/cuft.

Run T | "

1. 1.75 15 292 8050
; 2. : 1l.75 «75 240 6630
| 3 1.60 .75 208 11680
; 1,43 | 5 11
f 4, 1.62 75 360 10760
' i
? B 1.62 .75 328 9740
' average 9370

Run U _

2o 1.62 75 264 7850
_ Se 1.75 75, 366 10080
j 4, 175 W75 292 8060
g ' average 8570
3




T —

Samples not heat treated,i

Sample

Original
1.

2e
Se
4

# Span could not be made longer since the treating vessel used

Rosin
1n wood
1bs/cuft.

*%

37

220

b

1.76

1087',

1,81

1.81

1.81

1.87
1.81
1.87
2.00

- 1.87

1.94
200
1.81

a

.94
.94
.94
.81
1.00

'3 87

87
«87

8L

.94
.81
.81
«87

in these runs wgs small.

s#+#The wood used in these runs was not from the same lot as

P 8
1165 8260
1100 7330
1110 7670

900 8100
1250 7530
average 7780
1100 - 8420
1010 8000
1040 £ 8000
975 7980
average 8100
1150 7680
9560 8110
1120 0140
1010 8010
average 8230

Transverse Strength Test - Length of span 7.25%%

Moisture%
dry basis

12

12

12

that used for other tests reported in this thesis,




Transverse Strength Test =~ Length of span 7.25"
Samples not heat treated. |

Sample - Rosin b a P S Moisture%

: in wood : dry basis
=D, 1lbs/cuft.
Run X : A '
- 2450 ' e 11
2 ¥ 1.06 81 680 10450
3o 1.06 87 B55 11500
average TI150
£ Run Y =
¥ 1s 1,94 .81 1200 10900
E s 1,75 .81 1410 13120
3420 _ _ 1,
: Be 175 1 %65 2116 . 14%B0
1 £ liag 1.81 .87 1435 12950
: : ' average 12190
k
?




oel 1

h

2
i

L+ o TR BR R EREES I
-4} ! g [ = R S A i1 “t

St
inali:

5%
ripinall

Pest | )

&
B

SRS PN
0 Sh |

e aad
e,
5 i
1

el e i B
v Beds I
B HEEEE DO
]
!
Y
'

|

!
1
|
|

s/euft, .

|

n
1
-

r}
w

ns

T

e EEROR B I

| [ o
|

f
|

ansveérse Stren

1

}ﬁfi

ata Trom u

3

and 1) 1|

Rosip dontent fin 1b

.

|

TTdats for

traizhk

€}?gnw,

st r1q BRH RS
~ i
S

zth |

ile

|
¥1

dtren

in

il e

|

in +
HUELY s/ §iRe |

- W

. Btren
|

E
e Gm

i Abs/eh




Both sets of data show an increase in strength of
&pproxim&teiy fifty per cent for a 3.2 pound rosin
treatment. The curve for runs R, S, T and U show that
for concentrations below 2 pOunds rer cubic foot the strength
Is ‘decreased. In the straight Bethell runs no samples
were tested that contained less than this amount but the
eurve, when exgrapolaﬁed; crosgses the original strength
line at 1.95 p;unds per cubic foot. This would tend to
indicate that with lower concentrations a straight Bethell
process would lower the strength in much the same manner
as the process that included a heat treatment did.

J. Compredon(3) has found that the strength of wood
impregnated with resins, such as bakelite, is lncreased
from one and a half to three-times that of the original

wood ¢

(3) Loc. cit.
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... ~TOXICITY TESTS

Sl ;‘,

Gﬁmﬁaiative toxicity tests were run on rosin and a
commercial oieoéote using the procedure of Henry Schmitz
and others of the Department of Agriculture of the
University of Minnesota(l?7).

This pnocedure requires the use of malt extract agar

as a culture medium and suggests Fomes annosus as a test

organism., vaf§ing:quantitiesbof the inhibitor to be tested
are added to the medium and the whole is placed in a nine
eentiméter-petri dish. A one centimeter ciraular inoculum
of a fourteen day old culture 1s then placed on the hardened
medium at the center of the dish.l Controls to whic¢h no
inhibitor is added are also inoculated. After the cultures
have been incubated at 2SO'C\ for fourteen days the amount
of radial growth is measured. ©Percentage retardation is

reportéd for each concentration of inhibitor.

Per oént Retardation = Gc - GS

X 100

G
c

=~ radisl. growth on controls

=

5

o

Q2
(2]

i

G2
]

- radial growth on seample

ile agent, such as creosote, are tested

replace the petrl dishes.

50




'In those samples in which complete retardation is
obtained a test mnstlﬁa made to determine if the organism
is still alive. To do this a bit of the inoculum is
placed on a fresh malt agar slant and incubated for two
weeks. If there is no growth in this time the organism is

.eonsidered dead.

it.was found that Preosote enmulsified very well with
the agar medi&ﬁ. Therefore, no difficulty was experienced
in conducting tests with thisﬁagent. This, however, was
not the case with rosin.

The material that was left in the wood after
impregnating and heating was probably not simply rosin.
Tﬁere might have been some ammonium resinate left that was
not decomposéd by the heating. It is also possible that the
rosin itself might hav% deéoﬁposed to a certain extent, The
extract taken from the wood was much darker than the original
rosin, In order to introduce the same material into the

" medium, varying quantities of the emulsion were added and
thg_ﬂ@g@es thus prepared were placed in an autoclave and

.to fifteen pounds per square inch steam pressure

*\ The naphtha was all distilled off by this
placed by condensed steam. It was necessary
phthe as the paraffin hydrocarbons are,

'tfebtive inhivitors. The naphtha content

o A




of od averages two per cent but this.Wwas, ﬁﬁ
short time. All of the naphtha was
ther ,éved from the medium. The time required to
do ‘was determined in preliminary experiments in
Whi&hftﬁa me thod used for the determination of naphtha
iﬁ wood was employed. Ong hour was found to be sufficient.
“hen the naphthe had distilled off the rosin was left
suspended in thﬁlagar.

In order to determine whéthar the naphtha formed
any toxic material by reacffng with the agar or malt .
controls were madé up by adding pure naphtha to the malt
extract agar and removing the naphtha in the autoclave.
Growth was the same in these controls as it was in those
eontrels to which no naphthe had been added.

The incubation period'had to be cut to six days as
by that time growth had reached the edges of the plates
in the contrdls.

The organism used in the tests was the No. 517 of
the Forest Products Laboratories. This is the strain that
has been ueed in practically all of the toxicity tests

made in this country though there is some doubt as to

whe ther it is Fomes annosus.

o dy
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-

P 3 o
X

~ Concentration Concentration ;
- of Creosote, Retardation of Creosote Retardation

in per cent in per cent 1in per cent in per cent
9 dead il 100
5. &  aesd .05 95
-3 | dead .03 80
2 dead .01 55
X dead «005 60
o5 < 100 .003 - ~20
o3 _ 100 .001 ~0
Rosin
Concentration Concentration
of Rosin Retardation of Rosin Retardation
in per cent in per cent 1n per cent in per cent
9 o5 o2 0]

b2 7 - 38 P | 0
' 50 .05 0
16 403 0

0 ,01 0

0 .005 0

0 .003 0

0 001 0




in series the samples containing seven
‘nine per cent are of no value since uniform

distr of rosin could not be obtained in these

hish‘gggpantrations. The date indicate that .005 per
qeﬁt of creosote is as effectlve as 5 per cent of rosin.
'This would tend to indicate that the use of rosin in
wood would be impract}cal,

Hoxie ang Smith(245 expressed the opinion that the
protective power of rosin washlargely me chanical since
the rosin is hard and is therefore, penetrated with
difficulty and since it water-proofs the fibres. The
toxieity tests made above these protective mechanisms
were not brought into play.

As has-been mentioned before in this thesis, the
only relieble method by whicﬁ the effectiveness of an
impregnating agent made by determined is by actual use
in exposed timber. To this endla'garden' of stakes

impregna ted with rosin is being planted.




GENERAL CONCLUSION

The result obtained in absorption tests show
that sap wood may be easily penetrated with the rosin
emulsion. As far as the actual mechanics for impregnation
is concerned the treatment is therefore, commercially
feasible. Optimum condifions of treatment were not
determined but:those as stated in the experimental part
of this thesis should serve satisfactorily.

The fact that strength is increased and other
physical properties, such as color and general appearancé,
are unchanged by the treatment, should materielly increase
the value of the treated wood.

Toxicity tests give discoureging results. It should
be remembered ﬁowever, that any mechanical protection
offered by the rosin is not brought into play in these
tests. Any future work on this problem should include
experiments in whiqh a small amount of a metallic resinate

is added to increase toxiecity. s




