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The Wood Technology Laboratory of the University of
Michigan ecarried out a series of tests on five water repel-
lent solutions by three different methods in cooperstion
with a program sponsored by the National Door Manufacturers
Assoeiation in an attempt to determine a standard method
of evaluating water repellent solutlions. This report 1is
made only on the work done here.

Method 1, the Frotection Products 7-day Method, was
determined to be probably the best method, but also would
not be entirely satisfactory due to variability of results
between different boards.

Metnod 2, comparison with boiled linseed oil as a
standard, was determined to glve resultes too low for a
standard. A

Method 3, comparlison with a Gsﬁ% by welght wax-mineral
spirits solution was considered to be usable but not as
rellable as Method 1.

The study also showed that there is a large variability
of effectiveness of a solutlon on different boards. Repeated
tests with a solution cn the same board showed little vari-
atlion., On this bagls it was recommended that a study be
made of a method by which wood material would first be se-

lected in an attempt to reduce variability of resulis.



Because of the inherent nature @f‘waﬁd, methods for
evaluanting water repellents solutions have been difflcult
to establish.{l) In an attempt to agree éﬁ a standard test
the Natlonal Door Manufacturers Assoclation, Inme., Chicago,
I1llinois, set up a prégr&m to deteraine which of three
methods would be the éﬁﬁt acceptables

As stated invgggégﬂix A, Tive ﬁatéy"rayellang golutions
were to be supplied %é the %;?;ﬁ;&; Tests were to be made
with these soclutlions éy three specified methods, &né results
forwarded to them. This report is made on the phase of the
work carried Q%t in the Wood Technology Laboratory of the
Forestry Scheai, University of Michigan, and represents

only a §crti9n%of the total N.D.M.A. progranm.

PROCEDURE

The procedure used for conducting the series of tests
is detaliled in Appendixes A and B. Each test was carried
out as follows:

1. Ten different clear, kiln dried, straight grain
ponderosa pine sapwood boards were selected. Selection
of sapwood was based on the benzidene-sodium nitrite
test for differentiastion of heart from sap in pine
wood. See Appendix C.

2., Test blocks, or wafers, were 1/4" slices taken
from the boards previously machined to 1-3/8" x 1-5/8",
the 1/4" dimension being in the direction of the grain,
and the growth rings being almost straight and parallel
to the 1-5/8" dimension.



D+ BSpeclific gravity, rings per inch, regularity of
growth, and grain deviation from the horizontal were
determined for esch test board. These physiecal
eharaaﬁaristias are presented in Table 8, columns

2y 3, 4, and 5, page 15.

4, Pour wafers were cut and numbered in rotation from
each board. Wafers Nos. 1 and 2 were used for Method 1,
wefers No. 3 for Method 2, and wafers No. 4 for Method 3.

5. The wafers were conditioned for at least one week

in & relative humidity room at 80°F and 80% relative
humidity, whieh is equlvalent to snequilibrium moisture
content of 15%. Since the standard test requires a
moisture content of 12%¢, the blocks were left in the
laboratory for 16 hours. Previous experiment had shown -
that the blocks fell to a 12% m.c. in this period under
the prevalling conditions.

6. TFive test solutions were furnished by the N.D.M.A.,
one solution to be used for each test in Method 1.
Method 2 was set up to utilize raw linseed oil. How-
ever, the work reported on by thls paper was daas with
bolled linseed oll ag the standard sclution.

Method 3 the standard selutian consisted of O. 5% par-
affin wax, melting point 128°F., in mineral spirits.
The standard solutions of Method 2 and 3 were used as
a minimum of water repellency against which the test
gsolutions of Method 1 were compared.

7. At approximstely the same time and in the same
manner, the ten No. 1 wafers were dipped for 30 seconds
in the test solution; the ten No. 3 wafers were dlpped
for 10 seconds in the bolled linseed oll; and the ten
No. 4 wafers were dipped for 10 seconds in the wax-
mineral spirits solution. Wafers No. 2 remained un-
treated to serve as controls. They were at all tlmes
kept under the same moisture conditions.

8. The treated wafers and controls were reconditioned
for 1 week as given in step 5.

9. Baech block was measured to the nearest thousandth

of an inch in the 1-5/8" direction. This was done by
means of a dlal gage graduzted in thousandths of an :
ineh mounted ona horizontal metal plate. A rigld metal
bar mounted on the plate is placed at such a2 distance
from the spindle of the gage that it wlll zccommodate
the wafer and a second removable metal bar. The wafer
is placed between the two metal bars which are machined



to touch the 1/4" x 1-3/8" surfaces only in center
areas of 1/8" x 1-3/8" eross section. By this method
irregularities in the surface of the wocd bloek are

evened out. ~

10. After the wafers were measured, they were immersed
in a constant temperature water bath held at S0°F. :
Constant immersion was made possible by means of sult-
ably built wire racks. Handling one wafer per 1/2
minute, the measurements and lmmersions were continued
for 30 minutes, at whieh time they were removed in the
same order of rotation at 1/2-minute intervals and
again measured. By this method, measurements on each
block were taken immedlately before and after a 30~
minute immersion period. ;

11+ The percent effectiveness of the test solution
or standard solution was calculated by dividing the
difference between the amount of swelling of the
treated and untreated wafer by the amount of swelling
of the untreated wafer.

The results of the five tests which are summarized in
Table 1, page 5, are depicted in Figure 1, page 6. Tables

2 through 6, pages 7 to 12 are the results of the five tests.
. The figures given in Table 1 also include the standard

2
deviation caleulated by the accepted formula, ¢ = * Eafﬁ

DISCUSSION OF RESULTS

Evaluation of Test Methods

The summary in Table 1, page 5, shows the effectiveness
of the test solutions by Methed 1 and the @ffﬁﬁ%i&eneas of
the standard solutions of Methods 2 and 3 to which the test
solutions can be compared. By Method 2, the effectiveness
of boiled linseed oil is about 20 #to 25% effective with a



Table 1, SUMMARY OF RESULTS OF TESTS.

(See Pables 2 to 6.)

Average Percent Effectivenegs# .
Tost Method 1. Method 2. Method 3.
Noe Test Solu- Linseed 0il. Wax-Mineral
tions. Bojne o Spirits So-
lutione.
1 66.2 +340 21,5 +10.1 5247 +943
2. 8.8 +7.3 20,5 +10.2 51.5 +8.1
3. 14.9 +7.7 26,0 +10.8 5548 +5.0
4. 12.8 +8,8 24,7 +12.8 4844 +8.9
5. 6645 +347 25.3 + 9.6 53.1 +643

#Standard deviatlon includede
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RESULTS OF TEST 1.

Method 1 Method 2 Method 3
Board Swelling Swelling  Differ- sffec- Swelling  Differ- Effec- Swelling  Differ- Effec-
No. of un- of wafers ence in tiveness of wafers ence in tiveness of wafers ence in tiveness
treated treated swelling. of Solu- treated swelling. of Lin- treated swelling. of Wax-
wafers. with So- tion 1. with Lin- seed 0il. with Wax- Mineral
lution 1. seed 0il. Mineral Spirits
Spirits Solution.
_ Solution.
1 2 o} 4 5 6 7 8 9 10 11
A B A - B A;B x 100 C A=C A;C < 100 D A-D ALD x 100
’ inches incnes inches percent inches inches percent inches inches percent
6 0.067 0.024 0.043 64.17 0.056 0,011 16.42 0.039 0.026 B88.80
8 0.087 0.021 0.046 68,65 0.041 0.026 38.80 0.028 0,039 58.21
9 N.066 0.026 0.040 60.61 2.056 0.010 15.15 0.029 0.037 56,06
10 0.086 0.026 0.060 69.77 0.069 0.015 17,44 0.033 0.053 61.63
11 0.075 0.024 0.051 65400 0.057 0.018 24,00 0.028 0,047 62.66
12 0.076 0.028 0.048 63.10 0,069 0,007 9.21 0.049 0.027 35.53
13 0.079 0.026 0.053 67.08 0.073 0.006 7.59 0.045 0.034 43,04
14 0.053 0.018 0.095 65,04 0.037 0.016 30.19 0.023 0.030 56.60
15 0.061 0.020 0.041 67.21 0.039 0.022 36,06 0.027 0.054 50,74
16 0.090 0.027 0.063 70.00 0.2072 0.018 20.00 0.037 0,053 58.89
Ave. 0.072 0.024 0.043 66,17 0.057 0.015 21.49 0.034 0,038 52.72







Table 3. KE3ULTS OF TEST 2.
Method 1 Method 2 Method 3
Board Swelling Swelling Differ- iffec- - Swelling Differ- Effec- Swelling Differ- Effec-
No. of un- of wafers ence in tiveness = of wafers ence in tiveness of wafers ence in tiveness
treated treated swelling. of Solu- ' treated swelling. of Lin- treated swelling. of Wax-
wafers, with So- tion 2 : with Lin- seed 0il. with Wax- ¥Mineral
lution 2. seed 0Oil, Mineral Spirit
Spirit Solution,
Solution.
1 2 ] 4 5 5 7 8 9 10 Dll
A B A-B A-B . C A-C A-C D A=-D A-
incnes inches inches percent inches inches percent inches inches percent
6 0.064 0.063 0.001 1.56 0.055 0.009 14,06 0.040 0.024 37.50
8 0.067 0.052 0.015 22.38 0.043 0.024 35.82 0.029 0.036 53.73
9 0.065 0.054 0,011 16.92 0.087 0.008 12,51 0.031 0.034 52.31
10 0.086 0.074 0.012 13,95 0,065 0.02 24,42 0.038 0.048 55.31
11 0.073 0,063 0.010 13.70 0.005 0.018 24,66 0.027 0.046 63,01
12 0.076 0.076 0.000 0.00 0.071 0.005 6608 0.048 0.028 36.84
13 0.081 0.078 0.003 570 0.072 0.009 11.11 0.044 0.037 45,68
14 0,051 0,052 0.000 0.00 0.036 0.015 29,41 0.023 0.028 54,90
15 0.063 0.058 0,005 7.94 0.041 0.0722 34,92 0.027 0.036 57.14
16 0,089 0.082 0.007 7.87 0.079 0.010 11.23 0.037 0.0562 58,49
Ave., 0.071 0.065 0.006 8.81 0.060 0.014 20.45 0.034 0.037 51.53







Table 4. KR=Z5ULTS OF TE3T 3.

Method 1 Method 2 Method 3
Board Swelling Swelling Differ- Effec- Swelling Differ- Lffec~ Swelling Differ- Effec-
No. of un- of wafers ence in tiveness o7 wafers ence in tiveness of wafers ence in tiveness
treated treated swelling. of Solu- | treated swelling. of Lin- treated swelling., of Wax-
wafers. with So- tion 8. i with Lin- se=d 011l. with Wax- Mineral
lution 3. - 8eed 0il, Mineral ~Spirit
i Spirit Solution.
f Solution,
1 2 i) 4 [+ 6 7 8 9 1% DIl
A B A-B A-B o] 4£-C A=C D A- A-
=z x 10 A=% x 100 4-2 x 100
inches inches inches percent inches inches percent inches inches percent
6 0.070 0.066 0.004 5.71 0.051 0.019 27.14 0.036 0.034 48457
8 0.068 0.054 0.014 20,59 0.048 0.030 44,12 0.029 0.039 57.55
9 0.067 0.059 0.008 19.40 - 0.055 0.012 17.91 0.029 0.038 56.72
i
10 0.089 0.078 0.013 14.61 0,063 0.026 29.21 0,037 0.082 58,43
11 0.075 0.067 0.008 10.67 0.051 0.024 32,00 0.030 0.045 60.00
12 0.078 0.075 0.005 6.41 0.071 0.007 8,97 0.045 0.033 42,31
13 0,083 0.067 0.016 19.28 0.074 0,009 8.4 0.036 0.047 56,63
14 0.052 0.048 0.004 7.69 0.039 0.013 25,00 0.024 0,028 53.85
15 0.065 0.057 0.008 12.31 C.042 0.023 55438 0.029 0.036 55.38
16 0.092 0.062 0.030 52.61 0.0063 0.029 31.52 0.038 0.054 58.69
Ave. 0.074 0.063 0.011 14.92 0,055 0.019 25.97 0.033 0.041 54,79







Table 5.

RasULTS OF TEST 4.

Method 3

Method 1 Method 2

Board Swelling Swelling  Differ- Effec- Swelling  Differ- Effec- Swelling  Differ- Effec-
KNo. of un- of wafers ence in tiveness of wafers ence in tiveness of wafers ence in tiveness
treated treated swelling. of Solu- treated swellinz. of Lin- treated swelling. of Waxe
wafers. with So- tion 4. with Lin- seed 0il. with Wax- Minersl

lution 4. seed 01i1l. Mineral Spirit

Spirit Solution.
Solution.

L 2 jo! 4 5 6 7 8 9 10 11
inches inches inehes percent inches inches percent inches inches percent

1 0.063 0.049 0.014 22422 0.049 0.014 22,282 0.035 0.028 44,44

6 0.069 0.066 0.008 4,35 0.056 0.013 18.84 0.042 0,027 39,13

8 0.069 0,057 0.012 17 .59 0.043 0.026 37 .68 0.033 0.026 37 .68

9 0.069 0.061 0.008 11.59 0.063 0.006 8.69 0.033 0.026 37 .68

10 0.086 0.080 0.006 6.98 0.059 0.027 31.39 0.037 0.049 56,97

13 0.070 0.054 0.016 22.86 0.0456 0.024 24.28 0.028 0.042 60.00

12 0.077 0.071 0.006 7.79 0.074 0.003 3.89 0.047 0.030 384,96

14 0.0566 0.052 0.004 7.14 0.034 c.n22 39.28 0.027 0.029 51.78

15 0.063 0.065 0.008 12.70 0.042 0.025 39,68 0.028 0.035 554,955

16 0.088 0.075 0.013 14,77 0.078 0.7210 11.36 0.034 0.054 61,36

Ave, 0.071 0.062 0.009 12.78 - 0.0564 0.017 - 24,73 0.034 0.035 48.36
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Table 6.

RESULTS OF TEST 5.

Method 1 Metnod 2 Method 3
Board Swelling Swelling Differ- Effec- Swelling Differ- Effec=- Swelling  Differ- Effec-
Ko, of un- of wafers ence in tiveness of wafers ence in tiveness of wafers ence in tiveness
treated treated swelling. of Solu- treated swelling. of Lin- i treated swelling. of Wax-
wafers., with So- tion 5. with Lin- seed 0il, with Wax- ' ¥Mineral
lution 5. seed Oil. Mineral Spirit
Suirit Sclutione
Solutiono.
1 2 S 4 5 6 7 8 9 10 11
A B A-B A;B x 100 C A-C A;C’x 100 D A=D A;D x 100
inches inches inches percent inches inches percent inches inches percent
1l 0.062 0.024 0.038 61.29 0.048 0.014 22,58 0.033 0.029 46,77
6 0.068 0.027 0,041 60.29 0.050% 0.012 17,64 0.038 0.030 44,12
8 0.068 0.021 0.047 69.11 0.042 0.026 38423 0.029 0.039 57,55
9 0.068 0.024 0.044 64,70 0.057 0.011 16,17 0.0354 0.034 50.00
10 0,086 0,025 0,062 72.09 0.059 0.027 31.39 0.035 0.0561 59.30
11 0.067 0.023 0.044 65.67 0.047 0.020 29.85 0.026 0,041 61.19
12 0.077 0.024 0.053 68.83 0.072 0.005 6.49 0.044 0.033 42,86
14 0.055 0.019 0.036 65,45 0.034 0.021 38.18 0.024 0.031 D6436
15 0.062 0.021 0.041 66,12 0.044 0.018 29,03 0,027 0.035 56.45
16 0.086 0.025 0.061. 70.93 0.066 0.020 23.25 0.037 0,049 56,97
Ave, 0.070 0.023 0,047 66,45 0.083 0,017 25.28 0.033 0.037 5314
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deviation of approximately *10%. The low effectiveness
would preeclude this method from any consideration as a
é&w ﬂoiﬁti@ac

'?havwaxéminerﬁi spirits solution has an effectiveness
of aba% ?‘:ﬂ %t niﬁt a deviation kétv ﬁg This variablility
is quite large but the method could be used as a standard
against which to compare water repellent solutions if enough

specimens were used. It would indicate that a solution is
h&gﬁa? ﬁrkiauavzthaﬁ 50% effective. |
There is, however, a further é@awﬁaakyte the use of a
wax-mineral epirits solution as a standard. Patronsky has
shown that an extremely small variation in wax eoncentration

results in a large change of effectiveness (2).

Since only one variable solution, the test solution,
is used in Method 1 instead of also introducing a éaaanﬁ
variable standard solution, Method 1 1s apparently the best
method of the three for evaluating the repellent qualities
of water repellent solutions« However, Patronsky found that
replicate tests with any given solution on a large number
of boards by this method gives a solution effesctiveness
variation of approximately 10% (2)

Varisbility of Test Material.

As has been pointed out there iz a great variation in
results between boards. A close analysis of the Tables 2
through 6, pages 7 to 12, reveals that some test boards were

consistently effective or ineffective. An attempt was made



zﬁ'%lﬁagify these boards aeﬁér&iﬁg'ﬁs their effectiveness

 and %a‘earrala%a'thaa~with t&eiﬁ various physical eharse-

teristics. The correlation was made as follows:
1f'.Fbr~aaah test 10 boards were used. They were

‘ ranked from 1 toe 10 according to thairfafteatz#angsﬁ

for each method in all tests. The board with the
lowest effectiveness graded 1, the high@#% 10, and the
ones in between were graded according to their relative
positions. These ranks 43¥§‘giwaa in Table 7, paga*lﬁ*
columns 2 through 16. '
2+« The ranks of each board averaged for each method
of all tests are found in Table 7, columns 17, 18}anﬂ
1§. Column 17 1s the average rank of all boardg
treated with bﬂi&%éﬁlinsos& oil, and is also the aver-
age of columns 3, 6, 9, 12, and 15. Column 18 is the
average rank of all boards treated with the waxe-mineral
spirits solution and 1s likewlse the average of columns
4, 75 10, 13, and 16. Column 19, the average rank of
each board in all solutions, is the average of all
columns 2 through 16.
3. The claesiflicatlon of each board is then obtained
by rerating the averages of columns 17, 18 and 19.of
Table 7 from 1 to 11 based on lowest to highest ef-
fectiveness. This classification is found in Table 8,
page 15, columns 6, 7, and 8, where the effectiveness
of each board 1s compared to theivphysiaal character-
l1stlics.
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Table 7.

CLASSIFICATION OF BOARDS IN ORDER OF PERCENT EFFECTIVENESS

(Based on a lowest effectiveness of 1, and a highest

effectiveness of 10.)

Rank _ Average Rank
Board Tost 1 Test 2 Test & Test 4 _ Test 5 Tin: Wex- ALl
No. Solu«  ILin- Wax- Solu- Iin- Vax- Solu~ T.in- Weax- Solu- Lin- WVax= Solu~- Tin- Wax- seed Min- Solu-
tion 1. seed Min- tion 2. seed Min- tion 3. seed Min- tion 4., seed Min- tion 6, seed lMin- 01l. eral tionso.
0il. eral 0il. eral 0il. eral 0il. eral 0il. eral Spir-
Spir- Spir- Spir- Spir- Spir- itse.
itse 1tso, its. _1ts. its.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
1l 9 5 5 2 4 3 4,5 4,0 4,7
6 4 4 2 3 5 2 1 5 2 1 4 4 1l 3 2 4,2 ¢4 2.9
8 8 10 7 10 10 5 9 10 7 8 8 1 8 10 8 9.6 546 7 ¢9
9 1 3 5 9 4 4 8 3 5 5 2 2 3 2 4 2.8 5.0 4,0
10 9 5 9 8 6 7 6 6 8 2 6 8 10 8 9 6.2 8e2 7l
11 7 7 10 7 7 10 4 8 10 10 7 9 5 7 10 7 o2 9.8 79
12 3 2 1 2 1 1 2 2 1 4 1 3 7 1 1 l.4 1.4 2.1
13 5 1 ) 4 2 3 7 1 6 1.3 4,0 366
14 2 8 6 1 8 6 3 4 ) 3 9 6 4 9 5 7 «6 - 542 5e¢1
15 6 9 4 -6 9 8 5 9 4 6 10 7 6 6 6 8.6 5.8 6.7
16 10 6 8 5 3 9 10 7 9 7 3 10 9 5 7 4.8 8.6 7e2




Table 8, COMPARISON BETWEEN THE PHYSICAL CHARACTERISTICS
OF THE PONDERSSA PINE SAPWOOD BOARDS USED FOR THE WATER

REPEL

T

S AND THEIR CIASSIFICATION BASED ON PERCENT
EFFECTIVENESS.

Classification 1s determined by averaging the ranks estab-
lished Por each board in its relation to all the boards
in ability to repel water for each treatment and rerating

these averages from 1 to 11 -- lowest to highest. (See
Table 7 o)
Phisical Bharacteristics Classification
Board| Spe- Hings Width of Devi- LIn-" Wax- AIT
No. cific per ringse ation seed Min- Solu-
Grav- 1inch. from *011l. eral tionse.
itye. flat Spir-
waer. - grein its
?5- in de~- Solu~-
e grees. tion
1 2 3 4 5 6 7 8
1l - 14 Uniform 0. 5 4 B
6 0.39 20 Irregular 6 4 2 2
8 0,36 14  Very irreg. 4 1 7 10
9 0,38 24 Irregular 0 3 6 4
10 0.36 18 Irregular - 7 7 9 8
11 0,38 18 Uniform 8 8 11 11
12 0.36 28 Unifoom 8 2 1l l
13 0.38 46 ‘Uniform 12 1 3 3
14 0.42 21 Irregular 0 9 6 6
15 0.37 18 Very irreg. O 10 8 7
16 0.40 26 Uniform 0 6 10 9
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4, 7To faeilitate comparison, graphs are presented in
Figures 2, 3, and 4, pages 17, 18, and 19, in which
speeific gravity and number of growth rings per inch
have been yiettad,agaiast effect iveness.,

Ais can be discerned from Figures 2, 3, and 4, there l1s
no correlation between specific gravity and effectiveness.
There is also little correlation bstwa&m‘numﬁ@r ol growth
rings per inch ard effectiveness. However, Flgure 4 does
indicate the tendeney that fast-growing meterial has a
higher effectiveness. There 1ls not enough evidence at hand
to indieate more than this possible relation. In fact,
other investigators (1, 2} have been unable to correlate
any physical property with effectivenese.

4s previously mentioned the varistlon in results ls
largely between boards. Table 9, page 20, shows the ef-
fectiveness of the wax-mineral spirits solution for replicate
tests on 4 ifferent boards. The étandard deviation based on .
five tests on nine different beards was approximately fE%,
exceeding 4% in only one board. Similarly, Patronsky found
that results are reproducible on the same wood material

within an approximate 5% range.(2)
CONCLUSION
The work reported by this paper shows that there 1is an

extreme variability in the effectiveness of a water repellent

solution between different wards. However, on the same
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Table 9. VARIABILITY OF REPLICATE TESTS OF WATER
REPELLENCY ON THE SAME WOOD MATERTAL WITH A 045
PEROENT WAX~-MINERAL SPIRITS SOLUTION,

Board
o,

6 22.80 3T.50  A48.57  39.13 44,12 41,62 %.1
8 58.21  53.73 57.35 52.17  57.35 55.76 12.3
9 56.06 52.31 56,72 52.17  50.00 53.45 2.5

10 61.63 55.81 5B8.4% E6.97 59.%0 58.43 2.0

11 62.66 63.01 60.00 60.00 61.15 61.37 1.6

12 35.5%  36.84 42,31 38.96  42.86 20.30 12.9

14 56.60 54,90 53.85 51.78 56.326 54,70 1.8

1z E5.T4  57.14 55.38 55.55 56.45 56.05 0.6

16 58.8¢  58.43 58.69 61.%6  56.97 58.86 1.4

*Ineciudes standard deviztion.
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bosrd, the effectiveness of a given water repellent does
not vary greatly.

The variabllity between boards is not easzily correlated
with any readily recognizable physiecal characteristic such
28 ay%cif&a gravity, ring count, or resularity of growthe

Hethod 2, in which boiled linseed oll ie ussed as a
gtandard for comparieson, is unsatislactory due to its low
effectiveness.

Method 3, which utilized a 0.54 by welsht wax-mineral
gpirite solution as a standard, is not very satisfaetory on
twe counts: (1) results zmong different bosrde are quite
varisble, zné (2) the effectiveness of the solution ig ex-
trerely sensltlve to a slight change in concentration.

¥ethod 1, tne Protection Produects T-day lMethod, which
compsares tne swelllng of an untraated spesimen to =2 treated
specimen from tﬁé same board, is probably the best method
of the three. However, the extrexe variability inherent
between ditferent boards indlestes that the moihod will not

be entlirely satisfzstory.

wEOLS LT O
RERMER DATIONS

Tt iz recommarnded thot

)

Turther method of svaluating
tha effectivenssa of water repelient sclution be investie

v

zated, Thiszs metnod would entall sselection of ponderosa pine
sapwood material that ranged in effectivensss betwsen 457

and 55% (or other suitable ruinge to be alsd detersined)
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when trezted with a carefully preparaé»ﬁgﬁg hy weight waxe
mineral spirits =olution. This selected material would then
be used for testing water repellent solutions by elther
Method 1 or 3. By this careful selection of testing matsriai,
it 1s hopsed ihat extreme variability between boards can be

elinminsted,
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1. Browne, F. L., and A. C. Schwebs., 1944. A study of
methods of measuring the water repellency of water
repellents and water-repellent preservatives for wood.
Forest Products Laboratory Mimeograph No. R1A453. 37 pp.

2. Patronsky, L. A. 1945. Study of a method for the de-
termination of effect iveness of W&tervrggéllsnt golu=-
tions and the development of a paraffin wax-mineral
spirit control solution., (Unpublished report for the

National Door Manufacturers Associatbion, Inc.) 35 pp.



APPENDIX A

EXCERPT FROM THE MINUTES OF THE MEETING OF THE
PRESERVATIVE STANDARDS ADVISORY COMMITTER
OF THE NATIONAL DOOR MANUFACTURERS ASSOCIATIOR

held at
The Forest Products Laboratory, ﬁaﬁiaan, Wis,

Sept. 11-12, 1947

1%, The chairman appointed a committee coneisting of

Dr, Browne, Dr. Stout, Mr. Garlieck and Mr. Lance to pre-
pare a recommendation for conducting laboratory tests of
water-repellent solutions ns recommended at the meetling of
April 4-5, 1946, and report as soon as possible. A recess
was baken to enable the somunlitee to prepars its report.

Following the recess, Seerstary Lance read the report of
the above committee as follows:

"Phe committee appointed at this meeting to recommend
laboratory test methods for water-repellency, hereby recom-
mends for the series of tests by the cooperating laboratories
as previously authorized, the three following methods, among
which the final decision is to be made.

"Method No. 1 is the present tentative method involving
pairs of specimens from ten (10) different boards and meas-
urements by either the swellograph or the Protection Products
7-day method.” (Details of these methods will be furnished
by NDMA.)

"Methods 2 and 3 - In Method 2 the standard solutlon
consisting of undilnted raw linseed o1l and in Method 3 &
standard solution consisting of .5% {one-half per cent) by
weight of paraffin wax, melting point 128°F, 1n mineral
spirits, is used as the minimum of water-repellency agalnst
which = water repellent 1s compared. From each of the ten
(10) boards preseribed for Method 1, four adjzcent test
specimens shall be taken, of which the firet twe shall be
used for Method 1, the third for ¥ethed 2, and the fourth
for Method 3. The third and fourth specimens shall be
dipped in thelr standard soclutions for ten (10) seconds in
the same manner and at approximately the same time as the
first specimen is trezted with the water-repellent.
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"In reporting results by Methods 2 and 3, 1t should
be reported mersely whether the average swelllng of the
specimens trezted with the water-repellent 1s or 1s not

lass than thot of the specimens trested with the standard
solutions.”



APPENDIX B

WATER REPELLENT TESTING METHCD
4 Developed by
Proteetion Products Manufecturing Company

Use clear, kiln dried, straight grained pondercsa pine
gapwood. The test blocks are to be 1/4"™ slices taken from
a plece 1-5/8" x 1-%/8" in eross sectlon, with the annual
rings running practiecally straight and parallel to the 1-5/8"
dimension, snd the longltudinal grain parallel tc the length
of the plece.

Use ten blocks for each treatment to be tested, and
ten for untreated controls. The blocks from different
boards for the different groups must be selected 1In rotation
as they are cut from the stoek so that each group will be
comparable with the other groups.

Conditioning

Condltion the blocks at 80°F; 60% R.H. for one week
before dipping.

Frepsrstion

Dip the blocks for thirty seconds in ths solution to
be tested. Drain, dry, and condition the blocks for a week
by keeping them in an atsosphere held at 60°relative humidity
and 80° F. The untreated blocks must be kept under the same
moisturs conditlons as this itreated onse at all tlmes.

Test Method

Measure sach bloeck to the nearest thousandth of an inch
in the 1-5/8" direetion. This can best be dons by means of
a dizl gauge on 3 sultable mounting of glass or metal.
Harndling the Dlocks in z definite order, immserse each in
water held =t 80° F. lmmediztely after taking its measure-
ment. When a thirty minute interval has elapsed, go through
the set of blocks 1n the same order, removing each from the
water, measuring it and replacing it.
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Begults

Average the readings in eaeh ten block group and dew
ternine the swelling of the wood by subtracting the initial
reading from the final reading. The efficliency of the
treatment is found by dividing the diffsrence between swell-
ing of the treated and untreated blocks by the swelling of
the unitreated blocks in the same time interval.

The equipment necessary for the test is:

(1) A conditioning chamber maintained at 60% relative
humidity. This may be a room, the atmosphere of which
is regulated by a humidifier controlled by a humidistat,
or it may be a small case contalning a saturated solu-
tion of sodium bromide.

{2) A mezsuring instrument for the blocks. This should be
a dial gauge graduated in thousandths of an inch,
mounted on a horizontal plate of glass or metal, using
an accurately machined metal bar at least 2" long at
the bottom and at the edge of the test plece.

(%) A constant temperature water bath and = frame for
holdinz the Dblocks under wabter. The design of the
frame 1is not important but 2 simple holder can be made.
of a sawll floatlng board studded on the under side
with finishing nails %/8" apart to act as sep&r&tars
for the bloeks which flozat under the bpoard.

8-21-43



APPENDIX C

NEW METHOD FOR THE DIFFERENTIATICON COF HEART AND
SAP IN PINE WOOD

by
J. E. Koch and W. Krieg

{Chemeker Zeitung 62 (185): 140-141, Feb. 19, 1938)

1.

2
Ze
4,

Prepare a solution of 5 grams benzidine in 285 grams of

HC1 (about Qgg} and 970 grams vater.

Prepare a 104 solution of sodium nitrite.
Eeep the two solutiong separate.

Immedistely hefore testing pour equal amounts of the
solutions togethsr. Either dip the wood in the solu=
tion or paint it on the surface. After treating the
wood it is advisable to wash it with water or blot up
the execess sclution hecauge the colors then hold beatter.

This trsatment colors the heartwood dark red-brown,

the sapwood yellow, after 2 time the sapwood takes on

a dark yellow or browWwn color. levertieless, the 4if-
ference between thue heartwood and sapwood color remains
distinct. :

From translation made by
Dr. Blois Gerry.
Forest Products Lab.

6/7/39  wxpma



COMPARISON OF THREE COMMERCIAL OIL=-50LUBLE
WOOD PRESERVING SOIUTIONS

May 15, 1948 Duane L. Kenaga
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The toxlec properties of three oll-soluble commercial
wood preservative solutions, contalning respectively S5y

pentachlorophenol, 20% copper naphthenate (2% copper metal),

d 20¢% zine naphthenate (2% zinc metal), were compared.

The testing was conducted wlth the N.D.M.A. liethod of Test-
ing Oil-gSoluble Wood | : ,
egnduatsa'@n two different boards of ponderosa pine sap-

reservatives

wood material with pentachiorophenol and copper naphthenate,
and on three other beoards with zine naphthenate, copper
naphthenate, and pentachlorophencl. |

Results tended to show that both the pentachlorophenol
and copper naphthenate solutions were satisfactory, with no
diecernable difference between them. The zine naphthenate
solution was not considered satisfactory. Both of the naph-
thenate solutions supported the growth of contaminating
molds.

Literature cited herein notes thal copper naphthanate,
although not satisfactory for millwork because of its char-
acteristic green color, ls being used in ereosote-petroleum
0il mixtures. Zinc naphthenate, although possessing compara-
tively low fungicidal properties, has certain other proper-
ties which might eventually insure its use as a preservative
material.

The N.D.M.A. method was examined in the light of three

eriticisms advanced to condemn the test. Suggestions have



been made for further investigations which will aid in cor-

recting the conditions creating the aforementioned criticisms.



Wood preservatives of the oll-soluble type are be-
coming increasingly important in the wood preservative in-
dustry. Oreosote has been and will continue to be the major
ﬁaaﬁnprasaywaﬁiv& {13). However, the lnherent nature of
creosote makes 1t undesirable to use with such items as
window sash, doors, and other millwork. On the other hand,
most @ilesaiubla preservatives have properties that make
them suit&bie for millwork utillzation (2, 13).

The oil-soluble praa&rva%ives which have appeared on
the market in recent years under various trade names cone-
tain many different toxie aamgaamds‘(lﬁl‘ Pentachlorophenol
haeg galined a reputation as one of the better compounds
available (7, &, 10, 11, 12}.. Hetal naphthenales such as
copper and zinc have by comparison only recently appeared
on the market as preservatives, and little can be found in
the preservative literature concerning thelr ability to pre-
vent decay.

This paper 1s a report on the comparison of the toxie
propertles of three commercial preservatives of the oil-
soluble type containing respectively pentachiorophenol,
copper naphthenate, and zinc naphthenate as evaluated by a

laboratory test.

TEST KATERIAL%
The Matlional Deor Manufacturers' Assoclation's Method

of Testing 01l-Scluble Wood Preservatives for Toxic Prep

, Using Wood Blocks

ertie:

Unifornly Lmpre:
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compare the toxie qualities of each of the three commercial
preservatives. See Appendix A. Materials as specified by

this method were used.

gtraight grain ponderosa pine sapwood, kiln dried, of
average denslity, and free from defects, was selected.

Table 1, page 5, gives the ﬁharaaﬁﬁriaﬁias of the five
‘boards chosen for this investigation. Seleection of sapwood
wae based on the benzidene-sodium nitrite test for differen-
tiation of heart from sap iﬁ‘ﬁiﬁg wood. See Appendix B.

Test bloeks w&ra’aa% from surfsced boards 1 3/8" by
1 /8" in eross section, the test bloeks or wafers being
cut 1/4" thiek in such a manner that the longitudinal grain
was parallel to the 1/4" dimension and the growth rings paral-
lel to the 1 &/8" dimension.

Preservative Solutions.

A well-known commercial preservative sclutlion contain-
ing 5% pentachlorophenol was used. Hereafter in this report
the solution will be referred to as the pentachlorophenol
solutlon.

The copper and zinec naphthenates were supplied as con-
centrates containing 80% by weight of metal naphthenate or

% by welght of metal. For millwork, the company supplying
the concentrates market solutions which contain 20% by weight
of copper or zinc naphthenate. Therefore, solutions contain-
ing 205 by weight of copper and zinc naphthenate respectively
(2% metal) were made by diluting the concentrate with half
mineral spirits and half Stoddard's solvent. In this



Table 1.
PINE SAPWOOD TEST BOARDS.

PHYSICAL CHARAGTERISTICS OF PONDERGSA

Test | Board | Rings Spe-  Width of Devi-
no. no. per eifie rings ation
ineh. grave from
ity. flat
grain
Vol. & in de-
wgte grees.,
0.B,
1 9 24 0.37 Irregular 0
2 13 46 0.38 Uniform 10
3 14 21 0,42 Irrezular 0
4 11 18 0.38 Uniform 8
5 20 18 0.41 Irregular 5




report the solutions will be referred to ag copper ard zine

naphthenste solutions.

The test fungus specified for inocculating the specimens

was L Ltrabea. The straln used in this investigation

was secvred from the Protection Products Manulaeturing Com-
pany, Ealamazoo, ¥ichigan. Originally the fungus had been
obtained from the U. 3. Forest Produects Laboratory, Madison,

Wisconsin.

Previous sxperlence at the Wood Technology Laboratory
of the Unilvereity of ¥ichigan indicated that results obtained
by the U.D.¥M.A. method were inclined to vary considerably.
It was therefore decided to repesat the tests on several dif-
ferent pleces of wood material. Tests 1 and 2, nade on boards
9 and 1%, conpare the pentachlorophencl and copper naphthenate
solutions; Tests 3, 4, and 5, wade on boards 14, 11, and 20
respectively, compzre the pentachlorophenol, copper naph-

thenate, and zine naphthenste solutions.

-3
w

The procedure for esach test was as follows:

. “iftgosix wafers, numbered in rotation as cut from
acn board, were used ag shown in Table 2, page 8.

Po r ﬁﬂca tast solution a gst of fouriteen wlocks was
required. ‘fncther set of fourteen blocks was needed
for an untreated control. In sach set, ten blocks
were utilized as test specimens and fear ware used as
reference specimens.

3@}#
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Z2e All blocks were conditioned in z relative humitity
room at 159 E.M.C. for at least three wesks. This is
the only msjar deviation made from the method as glven
in Appendix B, The gaturated solution of scdium
bromide did not work successfully, so it became neces-
gsary to use a relative humidity room w&i@& neld at 15%
}ﬁt#ii#g#

By - Th% test blocks were welghed to &n,aauuraay of two
é@@imal places.

4, The volume of the blocks was deternined by measuring
the length and width of every Ififth wafer with an age
eurate scale and the thickness with a micrometer.

E. The conditioned blocks were treated with test
solutions diluted B0% with Stoddards solvent. The
impregnations were made by placing the fourteen speci-
mens in a 2-liter, heavy-walled, filter flask, sepa-
rating and weighting the wafers with glass marbles.

A wvacuum of 125 mm. of mereury was drawn on the flask
for 30 miﬁaﬁaa.

After the vacuum pump was shubt off, enouzgh s0lu=
tion to cover the blocks was introdueed by msans of
a separatory funnal. The treatment was ecarried out
at approximately 70° F.

‘ fter 18 ainutes ths vacuum was broksn and bloeks
removed. The excess liquid was then blotted off and
the Dblocks weighed lamedictely.

6. The untreated control spesclmens were lndlvidually
wrapped in small squares of paper znd steam sterilized
for 10 ninutss at 100° ¢.

7. The treated zud coantrol bloeks vers reconditioned
in the relatlve humidity room for twenty days. Pre-
viocus ‘Lo starting the incubstlon period the trested
blocks vwere rewelghed.

8. Twenty-one days before commencing the incubation
period, Lenziteg irabea cultures were prepared in 100
by 20 mm. petri dishes. The nutrient agar for growth
was made as Tollowss .

Difco bacto agar 2% granms
Diastastlic malt extraet 25 grams
Cistilled water 1000 grans

ATler tne agar was dissolved, a sultable amount was
‘poured in each dish. The dishes were then sterilized
for 20 zinutss at 1B p.s.l. Inoculations were made
with fungus that was approximately fourteen days old.



Table 2, METHOD BY WHICH BLOCKS WERE SELECTED IN RO~
TATING ORDER FROM EACH BOARD FOR CONTROL OR TREATED
SPECIMENS .,

Bumbers 1 to 656 represent bloeck numbers as cut in sue-
cession from the same board.

Use of Fenta- ﬁayﬁgiaatmggéﬂ Zine
block. c¢hloro- Naph= treat- Haph-
phenol thenate ed con- thenate
; trol A
Test 1 2 3 4
Test 5 6 7 8
Reference 2 10 11 12
Test 13 14 15 16
Test 17 18 19 20
Reference 21 22 23 24
Test 25 26 a7 28
Test 29 30 31 32
Reference 33 34 35 56
Test 37 38 39 40
Test 41 42 43 44
Reference 45 46 47 48
Test 49 50 51 , 52
Test 53 54 55 56




9. After the preseribed tlmes mentioned previouely,
ten blocks from each set of fourteen, which inecludes
ten untreated control test specimens and ten treated
test specimens from esch solution, were placed on 1/8"
dismeter "Y"-shaped glass rods over the prepared fungus -
mats. The remaining sixteen reference blocks were
placed over uninoculated sgar. ‘

131* The specimens were incubated for sixty~three days

moved from the fungus mats, scraped clean of mycelium
oven-dried, and weighed.

12. The following calculations were madeg

e Absorption in terms of pounds of toxle com=
pound per cublic foot of wood materizl.

be Percent loss in weight due to decay determined
as follows:

W = welght of reconditioned trsated test
bloecks, or of conditioned untreated
control blocks.

G = welsht of recondlitioned treated reference
bloecks, or of eccnditioned untreated
zmtrol reference blocks.

R = oven-dry weizgnt of treated reference
bloeks =t end of test, or of untreated
control reference bloeks at end of tesh.

F = oven-dry welsht of treated test blocks
or untrested control blocks zfiter ine
csubation.

then,
WR/G = Z, computed oven-dry weight of test
blocks befors incubstion.

and,
100(%Z - ¥)/Z2 = B, per cent loss in weizht
due to deecay.
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The results of Tests 1 through & conducted with h@&?&g
9, 13, 14, 11, and 20 respectively, are presented in Tables

4 through 8, pagas 12 to 16. Table 3, page 11, summarizes

the results ef each of the tests and indicates the &bﬁ@rym
tion of aaﬁive toxicant 1in each treatment.

Loss In weight csused ﬁg‘éaeayfaf‘tha untreated %&fﬁrﬁ
varied about 15% from 31.95% in Test 1 to 46.22% in Test 4.
The standard deviation of percent loss in welght calculated
by the standard formula, o 22> , varied from #5.75% in
Test § to *8.78%in Test 2.

Attention 1s ealled to Filgures 1 through 8, pages 17
to 19, which zre photographs of typical fungus growths as
found at the completion of the incubation periocd of sach
test. PFigures 6 through 10, pages 20 to 22, are photographs
of the blocks =zt the comnpletion of the test.

The absorption of pentachlorophencl varied from 0.232
lbs. per cu. ft. to 0.%0 1lbs. per cu. ft. The loss of
weight due to deecay in zll tests was under 1-1/2%except for
Test 3 which was 2.86%,

The absorption of copper naphthenate expressed as
pounds of copper metal per cuble foot of wood varied in
five tests from 0.912 to 1.160. The loss of weight caused
by decay was under 1-1/4% in each test except for Test 3

where the loss amounted to 2.24 %
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Tehle 3. PERKFORMARCE OF THREE OIL-SOIUBLE rRESERVATIVES
IK REPEATED TESTS AS EVAILUATILD BY THE N.D.M.A. METHOD.

{Summary of results in Tsbles 4, 5, 6, 7, and 8.)

Test Board fTreatment Absorption Pereent
0. N0 of active welight
J ‘ in 1lbs, per loss due
, eu. fH.* to decay.**

1 9 Untreated 51.95 » 7.63
Pentachlorophenol 0.248 1.03
Copper naphthenate 0,938 #0,09%%*
Pentachlorophenol 0.289 #0,64%%%
Copper naphthenate 1.160 6.17

3 14 Untreated 39.54 = 7,81
Pentachlorophenol 0.232 2.86
Copper naphthenate 0.912 224
Zinc naphthensate 0.894 +0,05%%%

4 11  Untrested 46.22 & 6.61
Pentachlorophenol 0.301 1.44
Copper naphthenate 0.968 1.26
Zine naphthenate 0.948 3400
Zentachlorophenol 0.296 +0, 28%%*
Copper naphthenate 0.968 0.15
Zinc naphthenate 0.930 1.28

* Active absorption given in 1lbs./cu.ft. of copper or
zine metal.
** Includes standard deviation of the untreated specimens,
**%% ¢ indicates gain in weight.
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The absorption of zinc naphthenate in Test 3, 4, and
5 varied from 0.894 1lbs. of zinec metal per cu. ft. of wood
to 0.848 1bs. of zinc metal per cu. ft. of wood. The loss
of welght varied from 0% in Test 3 to 3.00% in Test 4.

In Test 4 decay holes were rotted through the center
o? six of the blocks treated with zinc naphthenate. This
iayshaén in the photograph of Figure 9, page 21. |

Mold contamination was encountered on a few a&ﬁé&hﬁﬁ»
ate treated blocks of Tests 3, 4, and 5. Pigure 11, page 22,
is a photograph of mold growing on one copper naphthenate
treated block of Test 3. Figure 12, page 23, is a photo-
graph of mold growing on ons copper naphthenate treated
block and three zinc naphthenate treated blocks of Test 5.
Figure 13, page 24, is another photograph of mold growth on
a zinc naphthenate treated block from Test 4.

DISCUSSION OF RESULTS
Toxic Qualities of Preservative Solutions.

Pentachlorophenol. As was mentioned in the intro-
duetion of this report, pentachlorophencl is one of the
better oil-soluble preservatives. The literature concern-
ing the utillzation of this compound as a preservative is
large and voluminous. Certain references have already
been noted and little need be added, execept to point out
that its reputation is well-sustained by tests conducted
here. The average maximum welght loss that occurred in
Test 3 of 2.86% cannot be cons idered excessive. This amounts

to a loss in weight of 0.12 grams in a wafer originally
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weighing 4.12 grams oven-dried. Furthermore, in five tests
there were no visual signs of decay on any of the penta-
chlorophenol treated blocks.

Copper Naphthenate. Copper naphthenate 1s a relative-~
ly new preservative. Commercial quantities were used for
the first time in 1946 (5, 20). It is green in ¢olor, sol-
uble in light olls, inexpensive, and resistant to leaching
(5). At high concentrations it is quite viscous.

The results of the tests indlcate that the 20% concen-
tration (2% copper metal) is as good a wood preservative as
a 5% pentachlorophenol solution, since there are no visable
signs of decay on any blocks treated with elither solution.
However, Kirkpatrick states that laboratory tests indicate
a relatlvely poor rating for copper naphthenate, although
he does not specify the type of laboratory tests saaﬁu&?eﬁ
or concentrationsused (14).

Kirkpatrick also states that the metallic naphthenates
seem to have an "affinity" for the cellulosiec fibers (14).
This "affinity" theory accounts for the discrepancies be-
tween laboratory and fleld tests conducted in the South
which have shown copper naphthenate to have as great or
greater efficlency than pentachlorophencl. As to the
chemical combination that copper makes with the cellulosic
fibers, Kirkpatrick is unable to state. However, he is
apparently certain that the constitution will ultimately
be recognized.

The Forest Products Laboratory has investigated copper
naphthenate by field tests ganéuzésé at a test plot in



T

Mississippi. Stakes nominally 2" by 4" by 18" were treated
with various concentrations of copper naphthenate by several
methods (1). The average 1life of ten stakes brush-treated
with a 2% copper metal séiutian was 3.7 years. When glven
a J-minute dip in the same solution, five stakes were com-
pletely destroyed and five partially destroyed in 4-1/2
years. Only one of ten stakes pressure treated with a 0.11%
copper metal solution showed signs of decay in 4-1/2 years.
There was no decay or termite atbtack on stakes pressure
treated with more potent toxic solutions of copper naphthen-
ate over the same period.

Reports originating from Trinidad by Berry and Cater
on the effect of copper naphihenate as a wood preservative
were somewhal confused when it was discovered that the gas-
0il carrier was also exhibiting preservative qualities (3, 4).
Ten white pine specimens treated with a solution of 2~l/2%
copper naphthenate in gas-0il by a hot-and-cold open tank
process were perfectly sound at the completion of six years
in a "graveyard". However, eight of ten stakes treated in
the same manner with only the gas-cil carrier were unat-
tacked In the same period, thus creating confusion as to
the exact effectivensss of copper naphthenate.

Verrall found that over a 3-1/2 - 4-year exposure
period, test units of southern yellow pine soaked for 30
minutes in a 4.57 copper naphthenate solution were slightly
better preserved than test units similarly treated with a
5% pentachlorophenol solution (21). The test units were

specifically designed to allow raln seepage at joints in



outdoor, above ground exposure. A two coat brush treat-
ment with an 187 copper naphthenate solution also proved
effective over a 3-1/2 - 4~year period.. e

Work reported by Harkom and Sedzlak of grag&&aé made
on laboratory and service tests of pentachlorophenol and
~copper naphthenate noted that under the conditions and
nt to

solvents used, copper naphthenate was more resista
removal in accelerated weather tests of heating and leach-
ing @3¢las; and that after such cyeles, blocks treated wilth
gopper naphthﬁgata were more resistént to decay (). These
conclusions are based on extensive work which is still con-
tinuing. They used pressure treatments and two different
solvents for each efvtwc concentratione of each preserva-
tive. 1In the 1aberateryAb1aeks were tested for decay re-
sistance with three fungl by means of a burial test in soil.
Even though copper naphthenate m&at be caasi&a#@d as
an,effeetivs'preservétive, its use in millwork 1s limited
because of the inherent green color that 1t imparts to the
wood. A formula utiiizing a cobalt drier has been found
fuceeseful to prevent bleeding, thus making it possible to
paint wood treated with copper naphthenate (5). However,
this is only 2 remedy applicable in certsaln situations, and
does not 2liminste the undesirable color characteristiec.
Other uses for copper naphthenate include fence posts and
stained shingles (6, 22). Also pressure treatments of tiles,
piling, poles, 2nd construction timber have been undertaken

with solutions of creoscte and petroleum containing copper

naphthenate (1, 20).
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Another disadvantage of copper naphthenate must also be
recognized--its ineffectiveness in controlling certain molds.
Contaainations of = few of the test specimens in this work
indicate that some molds are not inhibited by copper naph-
thenate treated wood., See Figures 1l and 12, pages 22 and
23. Richards also noted this faet when the black mold,

1iger, was anﬁauntsred making a heavy attack

on bloeks treated with copper naphthenate while conducting
certain tests (18). This tolerance that 1s shown towards
aaﬁe molde mlight become a limiting influence on the use of
copper naphthenate as a wood preservative.

vgéggrgaghthenagg. There seems to be little known about
zine paphthenste as a wood preservative. There is little
literature avsilable mentioning the posseibilities of its use.

Morrlss states that zine naphthenate has the advantage
of less odor, no irritation, 2nd a quicker drying reaction
than the general chlorinated phenol compounds (17). The
faet that it is also colorless, insoluble invwater, and
soluble in oil, immediately suggests its use for millwork
preservation. By the application of zine naphthenate as &
fungicide for fabries, it has been demonstrated that this
compound 1is only about one-half as potent as copper naph-
thenate (5).

The work done here stresses the fasct that as a wood
preéarvative zine naphthenate is not as potent as copper
naphthenate. In Test 4, holes developed in the mid-section
of 8ix blocks., See Figure 9, page 21. The faet that thils

oceurred in only one of three tests indleates probable
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border-line toxieity. With one wood material zinec naph-~
thenate will be satisfactory at this concentration but will
fail with another wood material.

At the time the Forest Products Laboratory conducted
the investigation in the South with copper naphthenate,
they also tested zinc naphthenate (1). Ten stakes dipped
for 3 ﬁiﬁuzéa in a 177 solution (27 zinc metal) had an
average life of 2.2 years. Five of ten stakes pressure
treated with a 1 solution (0.12{ zine metal) were untouched
by decay or termites after 4-1/2 years. When pressure
treated with a 7.% solution (0.88{ zinc metal) all stakes
were sound after 4-1/2 years. The indiecation in this test
was that a copper naphthenate solution containing 0.29
copper metal 1s equal in toxlelity to a zinc naphthenate
solution containing 0.887 zinc metal.

As was true with ccpper naphthenate, zine naphthenate
is also tolerant to certain molds. Figures 12 and 13,
pages 23 and 24, are photographs of mold eontaminations
found existing on zinc naphthenate treated bloecks. Unpub-
lished work conducted in the Wood Utilizatlon Laboratory
of the University of Michigan also noted the same fact in
a simllar test with a lower concentration of zinc
naphthenate.

The future of zinc naphthenate as & preservative must
to a large extent depend upon its abllity to compete with
pentachlorophenol. If the amount of zine naphthenate re-
quired for a concentration high enough to meet the toxie
standards of pentachlorophenol can be purchased at a com-

parable price, it could coneceivably become widely used for
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dip treatments because of its guick-drying, non-irritative
gualities.

There is also the possibility that zine naphthenate
ean be combined with some of the chlorinated phenol eompounds
t0 reduce irritationsand improve permanency . Krause found
that & solution eontaining 0.l% phenyl mercury oleate and
1% zine naphthenate was very prdmising for control of batﬁ

decay and blue stain when tested by the N.D.M.A. method (15).

Critieisms of the N.D.M.A., Test Method.

The N.D.M.A. test method for evaluating the texié pProp=-
erties of oil-soluble preservatives has been eriticized for
various reasons which may or may not be justified. For the
purose of understanding the weaknesses inherent in the
method, it becomes worthwhile to note these criticisms.

Moisture Content Improper. An improper moisture con-

tent has been sdvanced as a reason for lack of optimum decay
conditions in the N.D.M.A. test method (15). If this is so,
it could be expected that quite vuriable results will be obtained
when conducting tests with this method. An examination

of the results tabulated in Table 3, page 11, does show
considerable variability among the untreated specimens.

The loss in weizht among five different boards when subjected
to identiecal conditions varied in weight loss due to decay
by approximately 15%. The tests conducted on one of five
boards resulted in a maximum standard deviation among ten
test blocks of g 8.78%., The minimum standard deviation for
the same mumber of test specimens from another board was

¢ 5.75%, This large variation in the amount
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of decay béﬁw&aﬁ hoards ean probably be aserlibed to two
reasons: (1) the inherent differences in wood material of
the same specles, and (2) the differences in molsture con-
tent established in each test specimen alter the test has
gotten underway. This second reason accounts in even a
larger measure for the variation between test blocks from
the same board, It is, of course, generally impossible to
control the nature of the wood material, but the molsture
eontent is eapable of control.

According to Snell, the optimum moisture content for
decay in woods of low speeific gravity is close to 150 %
(19)., Since the ¥.D.M.A. test depends upon the fungus to
derive the necessary molsture from the agar, 1t therefore
gtands to reason that decay will not proceed uniformly be-
twoeen blocks over a given period. The particular block on
which the fungus obtains the first start will transport
more molsture to the block, and decay wlll proceed at & more
rapid pace; the metabolic water produced will in turn favcr
the decay process, thus resulting in the lack of uniformity
of decay between test blocks.

The N.D.M.A. test recognizes the moisture problem. The
test specifies that the block be supported above the agar
on glass rods, preventing direct molsture transfer between
the agar and the block. Krause points out that the method
works fairly well for untreated blocks (15). However, he
econtends that it is another matter to expect a fungus to
attack and supply the necessary moisture to a block heavily

loaded with a preservative. Tests conducted by him with
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the N.D.M.A. method showed that at the completion of the
test the molsture content of the untreated blocks averaged
2504, whereas the treated blocks averaged 38 to &@%fmaiatura‘
It should also be pointed out that since little decay took
place, there was little metabolie water built up in the
treated blocks. DBut the point he wishes to make is %hﬁt ir
the treated blocks had initlally ahaﬁﬁ the optimum moisture
éantént; eandiﬁiana would more nearly approach normal ua&gé
and the fungus would be alded, giving & better and more re-
ilable test.

In an attempt to prove this ldea, Xrause conducted ex-
ploratory tests with bloeks 1" thick by 2* by 2-1/2" on the
tangential surface. After dlp-treating for 3 minutes at a
depth of 4“,'th&g§icéks were placed ir jars on a bed of
glass cloth. Sterile Qater~was added to provide a high
moisture content, and after a certain periocd, an inoculum
block was placed on top of the test block. Unfortunstely,
at the time he presented his paper at the meeting of the
Forest Products Research Scocisty, the results of these
tests were inconclusive. |

Richards and Addoms have a2lso ncted the effect of &
sultable moisture content for favorable decay conditions
(18). while evaluating the soil-culture technigue or
Leutritz's method of evaluating preservatives (16), they
found that scoil containing 217 molsture caused more decay
than soil containing 254 moisture, which in turn caused

more descay than soll containing 18-1/24 moisture.
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In the light of the work mentioned (15, 18), it would
seer that an investigation should be conducted with blocks
conditioned at higher caleulated molisture contents. For
inat&na&, after gonditiloning the blocks for & ziven period
at lﬁﬁ E*ﬁ*ﬁ;, the blocks could be welghed, then placed
individually in containers in such @ manner that they would
come to & deelred calculated molisture content. Then the
blocks could be placed on the fungus mats as specified in

the N.DM.A« methods

Impregnation too Heavy. Another eritieclsm of the

N.DJH.A, test method sllghtly mentioned heretofore, is that
the test specimens are too hezvily loaded with the pre-
gervative. As a result of heavy loading, there is suffi-
client toxie vapors glven off to accumulate and inhibit if
not k11l the test funsus.(15). In ordinary usage, the
amount of toxiec vapor given off by any of the vpresservatives
mentionad in this report is insignifieantly swsll. Further-
more, it 1s seldom Lhrt treated wood would ever be used
where vapors accumulate, However, in closed flasgks oy petrl

Glishes, heavily lmpregnated blocks will cause thls unnatural

The N.D.M.4. test method speecifies iapregnating hy
pressure to reduce variablility of sabsorption encountered
in dip trestments. Since there are so many other varizbles
that are uncontrellable or not zs easily controlled, it is

undoubtedly best to obtain as unifora impresnation between
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blocks as possible. The test specifies diluting the pre-
servative a@&ﬁtian;ﬁef with an equal volume of Stoddards
solvent. The objectlion to overloading ecould be met by
diluting the preservative solution to 33-1/% or 25%, con-
tinuing pressure impregnation to obtain uniform penetration.
One Test Fungus Inadequate. Perhaps the most justi-
fiable criticism leveled at the ﬁvﬁkgﬁﬁ;'mﬁghﬂé is that 1t

requires use of only one test fungus. Certain fungl are
more tolerant of particular peservative compounds than are
other fungl. That the naphthenates are tolerant to some
molds has already been demonstrated in this report. It is
therefore evident that several test organisms should be
selected on the basis of the products to be protected (18)
and utilized in the test method.

CONCLUSIONS

The work presented by thls report tends to show that
a 20% solution of copper naphthenate (2% copper metal) can
be depended upon to give as reliable protection as given
by a 5% solution of pentachlorophenol. Under the conditions
established in this test, the copper naphthenate solution
was as satisfactory as the commereial pentachlorophenol
solution. No visable decay had taken place on the test
blocks of either preservative in five tests. However, the
wafers treated with the 20% copper naphthenate solution
supported contaminating mold growths.

The EQ% solution of zinc naphthenate (2f zine metal)
taa@eé;aﬂﬁerﬁtha same conditions eould not be classed as
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satisfactory. Quite visible evidence of decay was noted

on several test blocks in one of three tests. Literature
cited notes that the fungieldal qualities of zinc naph-
thenate are only about one-half as potent as are those of
c@pp@r’ﬁaphtheuata. Blocks %rﬁa%@ﬁ with the zinc naphthenate
solution also supported the growth of mold contaminatlons.

Literature cited herein has sﬁﬁwﬁ that the use of
copper naphthenate, although limited in its use for mill-
work because of its characteristic green color, promises to
be valuable for use in creosote mixtures and other uses
where Q@lﬁf is of 1little importance.

The possibilities of utilizing zinc naphthenate as a
wood preservative have been little explored. However, this
compound does not have certain obnoxious properties pos-
sessed by the chlorinated phenols which would indicate a
possible market.

Three criticisms have been directed against the N.D.M.A.
test method as used here for evaluating oil-soluble preserva-
tives. They are: (1) molsture eontent too low for optimum
decay conditions, (2) test bloeks too heavily loaded with
preservative for a satisfactory test, and (3) one test fungus
ingufficient to evaluate the effectiveness of a preservative.
It was pointed out that further investigations should be
made: (1) to determine if a higher molsture content would be
more desirable, and to determine the best method of obtain-
ing this molsture content, (2) to determine if the test solu-
tlons should be diluted more than the test now specifies, and
(3) to consider and select other test :&ngi most suitable to
use with this test method.
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APPENDIX A

N.D.M.A. Method of Testing Oil-Soluble Wood Preservatives
for Toxie Properties Usling wWood Blocks Uniformly Impregnated

Taken from "Toximetric Method for 0il-Soluble Wood
Preservatives", Ernest E. Hubert. Ind. and Eng.
Gii&ﬁt Aﬂals Edition 12, 138"‘1&‘0; 19&{}&

Testing Materials

1. Selection of Materisal and Test Blceks. The wood used
for the preparation of test blocks shall be average density
kiln-dried Ponderosa pine sapwood. It shall be straight-
grained and free of blemishes and defects. Blocks 0,25 inch
thiek (longitudinal direction; shall be cut from surfaced
pleces of wood measuring 1.3%75 inches on the radial surface
and 2 inches on the tangentisl surface. The surfaces of
the bloeks shall be smooth, paraliel, and free of slivers
and dust and each test plece shall be numbered. «

For each test, ten blocks ghall be trested and expoged
to each fungus used, and four similarly treated reference
bloecks shall be placed over unincculated agar. To serve as
controls, ten untreated sterilized blocks shall be exposed
to escn fungus used and four untreated blocks (reference
bloeks for the controls) shall be placed over uninoculated
agar. .

2. GConditioning of Test Blocks. Condition all blocks on
glass rods to a moisture content of 12.4 I 0.5 4 by exposure
for 2C days to a saturated solution of sodium bromide ,
(NaBr.2H50) at 26° to 28° C., or condition in an accurately
controllsd humidity room at 607 R. H. and 80° F.

3. Welghing. Welgh the test blocks accurately to two decl-
mal places in the humidity room or from a desiceator con-
taining a saturated sodium bromide solution to maintain the
moisture content desired when handling the blocks for weigh-
ing. Record original weight as O.

4, Volume of test blocks. Measure the first and sixth
test bloek in each set of 10 with an accurate millimeter
seale recording length and width to the second declmal
place. Measure the block at the middle of each of the four
sides with a micrometer to determine the thieckness. Compute
volume and record as V.

5. GCulture Material. Kolle flasks or other suitable glass
containers shall be used. Make up the nutrient agar for the
growth of the test fungl as follows:

Pifeo bacto agar ‘ 25 grams
Trommer's plain dlastasie ‘
malt extract 25 grams

Distilled water 1000 grams
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After dissolving, pour intc each container sufficient
agar to support vigorous growith for the duratlon of the test,
stopper, and sterilize, autoclaving for 20 minutes at 15 '
pounds pressure. Inoculate each flask by placing at the
center of the medium surface an inoeulum block about 1 em.
square with the mweelium side upward. The pure culture of
the test fungus shall not be older than 14 days and shall
be grown at 26-28 degrees C. Y

6. Test Fungl. Test fungl of approved strains obtained
from the Forest Products Laboratory ehall be ussd. The
test fungus for decay shall be F.P.L. No. 617, Lenzites
trabes. ‘

The inoculated containers shall be incubated at 26° to
280 ¢. for a period of 21 days, after which the test Dlocks
ghall be placed in them.

Pesting Methods

7. Preparation of Preservative. Freservative shall be
tested in dilution and type of solvent recommended by the
manufacturers in half-strength solutlon obtained by diluting
with an equal volume of Stoddard solvent naphtha.

8. Impregnation of Test Blocks. Place all 14 blocks to be
treated in a 2-liter, heavy-walled filter flask and welght
them down with glass marbles. Flt a l-liter separatory
funnel in the rubber stopper, connect the flask with a
manometer and the vacuum line, and exhsust the flask to a
pressure of 125 & 2 mm. of mercury, for a period of 30
minutes. At a2 temperature of about 25° ¢. place enough
treating solution in the separatory funnel to cover the
blocks later.

Gut off the vacuum and introduce the treating solutlion
without admitting air. Shake the flask to remove alr bub-
bleg from the blocks. Allow the solution to stand for 15
minutes, then break the vacuum.

After ® minutes remove treated blocks, blot off excess
liquid and keep the bloecks until weighed in a desicecator
over the treating solution used. Welgh the blccks soon
after treating and reccrd welght as T.

g. Reconditioning. Place treated blocks on glass rods,

dry them 12 daye ir the laboratory air, and then reconditlon
them for 7 days under conditions specified in Item 2. Re-
welgh the blocks after the 20-day period and record welght
of the test and reference blocks as W and G respectively.

10. Incubation. Place 10 similarly treated test blocks in
the containers on two glase rods of 0.125 inch (0.7 emi)rin
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dlameter, resting on the surface of the fungus mat. Sim-
ilarly place ten steam-sterilized (10 minutes at 1000)
untreated test blocks after conditioning as indicsted in
Item 2, in other containers. Flace 4 treated reference
bloecks on rods over uninoculated agar. Incubate at 26°
to 289 for 63 days. '

11. End of Test. At the end of the 63-day incubation
periocd remove the treated and untreated test blocks,
seraps clean of mycellum, ovenwiry, welgh, and record
weight as ¥. COven-dry the reference blogks and record as
R. Oontrols should show at least 257 loss in welght due
tc decay. ' 8 ;

12, Computations.

Yolune of test blocks = V

T -0 = A, grams of treating sclutlion in test block.
A . B, absorption in grams per ©cC.

B x 62.44 = ¢, absorption in pounds per cu. fi.

g x % of toxicant = D, absorption of toxieant in
160 pounds per cu. ft.

W

i

welght of reconditioned treated blocks and con-
A1t ioned bhlocks in case of controls (Item 9}.

R = oven-dry weilght of treated reference blocks at
end of test, and of untreated reflerence blocks
at end of test in case of controls.

¢ = welgnt of reconditioned treated reference blocks,
and of econditioned untreated reference blocks
in case of eontrols.

wR = 7, computed oven-dry welght of test blocks be-
G fore incubation.

&}

ven-dry welight of treated and control blocks after
incubation.

Z_;,E x 100 = £, 2 of loss in welght due to decay.
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NEW METHOD FUR THE DIFFPERENTIATION OF HEART AND

SAP IN PINE WOOD
by

(Chemeker 7eitung 62(1%5): 140-141, Peb. 19, 1938)

2e
Ze
4.

Prepare a solution of 5 grams benzidine in 2% grams of
HC1 (about 25:) and 970 grams water.

Prepare 3 104 solution of sodium nitrite.
Keep the two solutions separate.

Iusediately before testing pour egual amounts of the
sclutions together. BRither dip the wood in the solution
or paint it on the surface. 54sfter trsating ths wood 1t
1s advisable to wash 1t with water or blot up the excess
soclution because tae colors then nold better.

Tnis treatment colors the nsartwood dark red-brown, the
sapwood yellow, after a time the sapwood takes on a dark
yellow or brown color. Nevertheless, the difference
between the heartwood and sapwood color remains distinet.

From translation made by
Dr. Blois Gerry.
Foregt Products Lab.
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