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EFFECT OF WATER REPELLENTS
ON LONG-TERM DURABILITY
OF MILLWORK TREATED WITH
WATER-REPELLENT PRESERVATIVES

R. SAM WILLIAMS |

ABSTRACT

This report describes the long-term effect of water repellents (WRS) on durability of
painted window units that were placed outdoors near Madison, Wis., in 1956. It includes
the final evaluation of the windows and an analysis of their water repellency during the
first 6 years of exposure. Also, swellometer test results for the treating formulations are
compared with water repellency and durability of the window units treated with those
formulations. The wooden windows were originally treated with several water-repellent
preservatives (WRPs) that contained different amounts of WR. Following the WRP
treatment, the windows were primed, top coated, and |eft to weather for 28 years without
maintenance. Analysis of the dimensiona changes of the WR-treated windows showed
that during the first 6 years of exposure, the water-repellent effectiveness (WRE)
decreased with time. A least squares fit of this decrease in WRE with time had r? values
in the range of 0.6 to 0.8 for most treatments. Extrapolation of this trend showed that the
effectiveness dropped to zero at about 20 years. There was little correlation between the
long-term durability of the windows and the initial swellometer vaues for the various
treatments. There was, however, a slight correlation (r? = 0.64) between the original
swellometer measurements and the time for the WRE to reach zero.

windows and doors occurs, the cause is
often insufficient treatment with a WRP

For more than 50 years, wooden
doors and windows have been dipped in

water-repellent preservative (WRP) solu-
tions during manufacture to extend their
service life (1,2,4,19). Until about 1980,
these WRP formulations were composed
of about 1 percent water repdlent (WR)
(i.e., paraffin wax), 5 percent preservative
(pentachlorophenol), 10 percent sealer
(linseed ail or varnish), and solvent (min-
era spirits or turpentine) (6). Although
pentachlorophenol was replaced by other
preservatives in the early 1980s, many of
the solvent-based formulations used to-
day are similar to those developed 50
years ago. |n addition to the solvent-borne
formulations, waterborne formulations
are now available. Solvent- and water-
borne formulations continue to protect
wooden doors, windows, and other mill-
work. Where premature decay of wooden
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(7,10,11,12). Quantifying the benefit of
such treatments, particularly the effect of
the WR, has been elusive because field
studies require a long time and the effect
of water repellency on durability is often
obscured by the inclusion of preservatives
in these formulations (3,13). Scheffer and
Edyn (15) evaluated the effectiveness of
pentachlorophenol after 22 years with
WRs included with the pentachlorophe-

nol, but from their data, it was not pos-
sible to determine the effect of the WR
without the preservative on durability.
The effects of WRs were not clear in other
studies of preservatives with and without
WRs (17,18). Scheffer and Edlyn (16) did
show that formulation of pentachlo-
rophenol with heavy oil gave better ffi-
cacy than with light oil or mineral spirits.
The heavy oil probably improved the
water repellency.

It is well known that WR treatments do
not last very long on lateral surfaces ex-
posed to the weather. Voulgaridis and
Banks (20) exposed WR-treated Scots
pine (Pinus sylvestris) and European
beech (Fagus sylvatica) outdoors for 1
year near Bangor, Wales. They used
scanning electron microscopy (SEM) to
evaluate the surface degradation, and
they reported that the loss of surface
water repellency was caused, to a large
degree, by the degradation of the wood.
Loss of wood from the surface essen-
tially destroyed the structural support for
the WR. The loss of water repellency
matched that of wood surface degrada-
tion. They did not report an effect of the
WR on the rate of weathering. Voul-
garidis and Banks (2 1) aso evaluated the
performance of WRs using long wood
specimens from Scots pine and European
beech. For Scots pine, they showed that
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the water-repellant effectiveness (WRE)
of two solvent-borne WRs decreased
with depth from the end-grain across 6 to
7 cm. Water absorption ranged from 15
percent at 1 cm to about 55 percent at 7
cm (controls absorbed about 70%). As
the specimens were weathered with a
24-hour wet-dry cycle for 40 cycles, the
WRE decreased more rapidly at the sur-
face of the end-grain than 2 to 3 cm from
the end of the specimen; little change
occurred 4 to 5 cm from the end. Al-
though European beech showed quite
different water absorption rates com-
pared with Scots pine, the generd trend
in the change in water repellency with
cyclic wetting and drying was the same
as for Scots pine. Savory et a. (14)
showed a decrease in water repellency
during a 4-year outdoor exposure of win-
dow joinery.

This report contains the fina evalu-
ations of window sashes exposed out-
doors for 28 years and compares their
performance to evaluations that were
conducted after 4 (8) and 20 years (5) of
exposure. This study offers a unique op-
portunity to link initial measurements
of water repellency with long-term dura-
bility. The report by Miniutti (8) con-
tained outdoor exposure data obtained
during the first 4 years. Miniutti evalu-
ated the window units for an additional 2
years, but this information was never
published. | analyzed the dimensional
changes of the windows from Miniutti’'s
origina data for the first 6 years. The
dimensional changes during this time
were used to determine the decrease in
water repellency with time. This de-
crease in WRE was compared with the
find evaluations that were conducted af-
ter 28 years of exposure.

BACKGROUND

In 1956, Miniutti et al. (8) began a
study of the effect of various solvent-
borne WRP dip treatments on the water
repellency and service life of window
sashes. Three WRP manufacturers sup-
plied three different WRPs each, which
totaled nine industry formulations. These
test solutions included: three formula-
tions that met the industry standard of 60
percent WRE, three formulations that
were above the standard, and three that
were below the standard. The actua for-
mulations of these WRPs were not dis-
closed. Test solutions also included a pre-
servative (5.2% pentachlorophenol)
without a WR and a WR (1.5% paraffin
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Figure 1. —Window unit on the test fence near Madison, Wis.

wax) without a preservative, totaling 11
treatments plus a control. Window sashes
of ponderosa pine sapwood were dip-
treated in these solutions for 3 minutes.
There were five replicates for each treat-
ment solution and five controls. The win-
dows sashes were glazed, varnished on
the interior, painted on the exterior with a
primer and top coat, and placed outdoors
facing south near Madison, Wis. The
windows were installed in casings, typi-
cd of those found in normal construc-
tion, and had a roof cap and a plywood
backing (Fig. 1). The casings received
the same preservative, WR, or WRP
treatment as the sashes, and these treat-
ments were brush-applied before install-
ing the sashes. The casings were primed
prior to installing the sashes and top-
coated following installation of the
sashes. There was minimal overhang of
the roof cap. Except for remova from the
casings periodically to determine swel-
ling during the first 6 years, the window
units (casings and sashes) were left to
weather without maintenance until 1984
(for atotal of 28 years of exposure).

A 1961 interim evaluation used di-
mensional change of the windows as one
method to determine the WRE of the
solutions. The other methods used were
the swellograph, the swellometer, flow-
ing water, water spray, cupping, weight
gain at 30 to 80 percent relative humidity
(RH), and weight gain at 65 to 97 percent
RH (8).
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Figure 2.—Window units after 5 years
of outdoor exposure; a) window sash
and casing treated with a WRP before
painting; and b) window sash and cas-
ing not treated before painting.

The results of this evaluation showed
good correlation between the swelling of
the window units and the laboratory
methods. The 3-minute dip in solutions
that had 60 percent or greater WRE gave
good protection during the early years.
Miniutti et a. (8) aso showed that
painted window sashes without a WR
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TABLE 1—Evaluation of windows after 28 years of outdoor exposure near Madison, Wis.

Treatment

No. of windows in each visual rating category

Treatment Average Standard Swellograph
type no. 10 8 6 4 2 rating” deviation WRE®

(%)

< 60% WRE® 1 1 1 1 1 1 6.0 32 6
2 1 1 2 1 4.8 2.3 28

3 1 3 1 7.6 2.2 61

HWR* 4 4 1 9.6 14 61
5 2 3 8.8 1.1 83

6 2 3 8.8 1.1 67

Industry standard® 7 1 1 2 1 5.6 33 77
8 1 1 2 1 6.4 3.0 53

9 3 2 7.2 1.1 82

Preservative only 10 1 2 2 5.6 1.7 4
Water repellent only 11 1 4 2.4 1.4 77

& Average rating of five window units.

® WRE = water-repellent effectiveness. The WRE of the industry-supplied WRP was determined using the swellograph test and reported by Miniutti et al. (8).
¢ Commercially formulated to be below the industry standard of 60 percent WRE.
9 HWR = high water repellency, Commercially formulated to be above the industry standard of 60 percent WRE.
¢ Commercialy formulated to meet the industry standard of 60 percent WRE.

Figure 3. —Window unit after 28 years of outdoor exposure.

trapped moisture. Moisture contents
above the fiber saturation point were ob-
served at the mortise and tenon joint at
the bottom of the sash (Fig. 2). Water
could enter the end-grain of the wood
through cracks in the paint and move into
the interior of the wood where it was
trapped by the paint. Premature paint
failure was also observed in window cas-
ings that were not pretreated with a WRP.

Feist and Mraz (5) evaluated these
same window units again after 20 years
of exposure. They reported that the win-
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dows treated with a WR without the pre-
servative were generaly in the same con-
dition as those treated with the WRP.

MATERIALS AND METHODS

The methods used in the original deter-
mination of water repellency, dimen-
sional change, and WRE were reported
by Miniutti et al. (8). The water repel-
lency of the WRP and WR formulations
was determined by several methods in-
cluding the swellometer test. This
method involved submerging treated and
matched-untreated specimens in water

and measuring the tangential swelling af-
ter 30 minutes. The swellograph records
the swelling during the entire test (usu-
aly 30 min.). The original swelling
measurements (swellograph) were done
using an instrument that transferred the
change in dimension of the wood during
the test to a stripchart recorder to obtain a
graph of this dimensiona change. The
swellograph was developed by A.W.
Stout and A. Hermann (Western Pine As-
sociation Research Laboratory, Portland,
Oreg.) and a complete description of the
test was forwarded to the Forest Products
Laboratory (FPL) in January 1944. This
information was documented in an un-
published FPL report by L.E. Downsin
1945. The percentage WRE was cal cu-
lated by subtracting the swelling of the
treated specimens from the swelling of
the controls divided by the swelling of
the controls times 100, in accordance
with the Nationa Wood Window and
Door Association swellometer test (9).
The water repellency of the window
sashes during the first 6 years of exposure
was determined by comparing the swel-
ling of the treated window sashes (meas-
ured at the rail, close to the mortise and
tenon joint) with that of the untreated
window sashes. Calculation of the WRE
was done in the same way as with the
swellometer test.

After 28 years, the windows were re-
moved from the casings and rated for
decay on ascaeof 0, 2, 4, 6, 8, or 10
(Table 1) on the basis of soundness of the
wood (10 being most sound). The wood
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pieces (rails and stiles) at the mortise and
tenon joints were the most susceptible to
degradation and therefore the windows
were inspected most closely at that loca
tion. Inspection involved visual examina
tion and probing with a sharp pick. Sur-
face cracking was of secondary impor-
tance because all windows were fairly
similar with regard to weathering (Fig. 3).

For this study, the shrinking and swel-
ling of five replicate window units for
each treatment during 6 years was evalu-
ated. This information was obtained
from Miniutti’ s original |aboratory note-
books and was compared with rainfall
data obtained from the National Wesather
Service (U.S. Dept. of Commerce). A
least-squares fit of the maximum swel-
ling, during periods of high rainfall dur-
ing the 6 years, was used to determine the
drop in WRE with time.

RESULTS

The final evaluation of 55 window
units included only the treated windows
because the untreated controls had de-
cayed and falen off the fence 20 years
prior to the 28-year evaluation (Table 1).
The treating solutions that gave the high-
est average decay rating for the five repli-
cates were those treated with WRP solu-
tions with high water repdlency (HWR),
with average vaues of 9.6, 8.8, and 8.8,
respectively. The variability in these
specimens was considerably lessthan in
most of the other treatments. Those
specimens treated with only the WR had
the lowest average value (2.4). Windows
treated with either the industry standard
or the below industry standard (60%)
formulations were inconsistent with rat-
ings that varied from a low of 4.8 to a
high of 7.6.

Table 1 aso lists the origina swel-
lograph test results for the solutions used
to treat these windows (8). The wood
from the actual windows themselves was
not measured with the swellograph, but
the solutions were evaluated using stand-
ard ponderosa pine cross sections in ac-
cordance with NWWDA TM-2 (9). The
water repellency was reported for the
swellograph, which measured tangential
swelling with time like the swellometer
test. The correlation between the original
water repellency of the solution and the
final evaluation on the basis of the aver-
age water repellency reported for each of
these solutions is poor. For example,
treatment 1 had a swellograph value of 6
percent, and the visual ratings were 2, 4,

AND DISCUSSION
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TABLE 2. — Water repellency values based on dimensions during the first 4 years of weathering of treated

and painted window sashes?

Treatment Treatment Water repellency by dimension change” Swellograph
type no. 1957 1958 1959 1960 WRE
———————————————————— (%)-----mmmemmm e
< 60% WRE°® 1 21 37 23 28 6
2 80 83 65 62 28
3 78 86 70 66 61
HWR* 4 77 85 73 71 61
5 82 90 78 80 83
6 86 89 74 71 67
Industry standard® 7 82 88 76 77 77
8 80 81 55 52 53
9 82 85 72 71 82
Preservative only i0 -1 37 30 37 4
Water repellent only 11 83 90 77 76 77

2 Reproduced from Mini&i et al. (8).

® Water repellency calculated from the swelling of the sash rails near the mortise and tenon joint.
¢ WRE = water-repellent effectiveness. Commercially formulated to be below the industry standard of 60

percent WRE.

4 HWR = high water repellency. Commercially formulated to be above the industry standard.
€ Commercialy formulated to meet the industry standard of 60 percent WRE.
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Figure 4. —Average swelling of five replicate windows treated with WRP treatment
7. Each data point is an average of two measurements. The shrinkage during dry

periods is not shown (1 in. = 25.4 mm).

6, 8, and 10 for the live replicate win-
dows to give an “average rating” after 28
years of 6.0. Treatment 7 had a repel-
lency of 77 percent, and its 28-year rat-
ings were 2, 4, 4, 8, and 10 to give an
average rating of 5.6. The water repel-
lency measured for the HWR solutions
ranged from 61 to 83 percent, and the
average ratings after 28 years of exposure
ranged from 8.8 to 9.6. The rating of
treatment 5 with a water repellency of 83
percent was the same as that of treatment
6 with awater repellency of 67 percent.
Treatment 3, which was formulated to be
below the industry standard of 60 percent
WRE, had 61 percent WRE, and window
units treated with this formulation had a
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higher average rating than those window
units treated with the industry standard
(7.6 compared with 5, 6, 6, 4, and 7.2).
Comparison of the WRE of the treat-
ment solution with window durability
should be viewed in light of several fac-
tors. The original water repellency of the
industry-supplied treatment formula-
tions was not measured on the windows,
but was determined from separate pon-
derosa pine cross sections that were
treated in the same way as the windows.
It was not possible to correlate the dura-
bility of a particular window with its
origina water repellency; water repel-
lency was an average from a completely
different set of boards. The variability

55



35 ] Rep i
® Rep 2
VRep3
30 ARep4
XRep 5
25
£
5§ 20t
8
a
g 1.5
o
1.0
0.5

7 0.05
- 0.04

—40.03

a8 N >

1 1
=} =}
o o
- N
Average swelling (in.)

+-0.01

200

Exposure time (weeks)

Figure 5. —Average swelling of five replicate windows treated with WRP treatment
7 superimposed on the rainfall during the first 6 years of outdoor exposure. Each
data point is an average of two measurements. The swelling was determined during
or shortly after periods of wet weather; shrinkage during dry periods is not shown
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Figure 6. —Average swelling, during wet weather, for WRP treatments 5, 10, and
11 superimposed on the rainfall during the first 6 years of exposure. The swelling
was determined during or shortly after periods of wet weather; shrinkage during dry

periods is not shown (1 in. = 25.4 mm).

among the swellograph measurements
was high even within the same types of
formulations. For example, the three
WRPs formulated to be less than 60 per-
cent WRE had measured WRE values of
6, 28, and 61 percent (Table 1). It is
unknown whether they were intention-
aly formulated to have such a wide range
of water repellency.

Miniutti et al. (8) suggested that di-
mensional changes in the windows
should give a realistic appraisal of the
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effectiveness of the WRs. To calculate
water repellencies, they used the average
maximum deviations from the original
dimensions during the first 4 years of
exposure for windows having various
treatments. They noted a fairly good cor-
relation during the early years of expo-
sure between these values and the swel-
lograph water repellencies (Table 2). A
correlation coefficient of 0.922 was re-
ported for the average maximum WRE
during the fourth year of exposure and

the swellograph test. But, there was little
correlation between the dimensional
changes reported by Miniutti after 4
years and long-term durability reported
here. For example, treatment 11 showed
good effectiveness in 1960 (WRE =
76%), but its long-term durability was
poor. However, the interim 20-year re-
port indicated WRs without preserv-
atives were as effective as those with
preservatives (6). Apparently, WRE was
about at its limit a 20 years and substan-
tial degradation took place following the
20-year evauation.

Information contained in Miniutti's
original laboratory notebooks showed
considerable variation in shrinking and
swelling during any year caused by sea-
sonal changes in RH and differences in
rainfal. However, there appeared to be a
general trend of increasing swelling dur-
ing wet periods with exposure time. The
maximum swelling during periods of
high rainfal tended to be fairly consistent
among the five replicates as shown for
treatment 7 (Fig. 4). The other WR and
WRP treatments responded in a similar
manner to treatment 7. Swelling coin-
cided with the periods of high rainfall
(Fig. 5), athough there was undoubtedly
some minor effect of RH. Average
shrinking and swelling values for the
various treatments were similar with one
exception: the swelling for treatment 10
(preservative only), during wet periods,
varied considerably and was greater than
that for the WR-treated specimens (Fig.
6). The swelling for treatment 11 (WR
only) was similar to that of the HWR
treatment 5. The trends shown for the two
formulations that contain a WR in Fig-
ure 6 (treatments 5 and 11) were repre-
sentative of the trends for the other for-
mulations that contained a WR.

The least-squares fit of the data for
treatment 7 showed a linear decrease in
WRE with time, and the fit was extrapo-
lated to zero WRE (Fig. 7). Analyses for
the other WRP treatments showed similar
trends. The least-squares fit gave a calcu-
lated WRE (y intercept), slope, and years
to zero WRE (x intercept) (Table 3). Al-
though there was some variability in the
years to zero WRE for the three types of
WREP (i.e., less than 60% WRE, the in-
dustry standard of 60% WRE, and
greater than 60% WRE), the average
years to zero for the three groups was 12,
15, and 18 years, respectively. The years
to zero WRE for treatment 11 (the WR
only) was 17 years. Although the slope
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TABLE 3. —Least squares fit of the decrease in water-repellent effectiveness (WRE) with time.?

Treatment Treatment Calculatbed Years to zero Swellograph 28-year
type no. WRE Slope WRE® 2 WRE* rating
L T ettt (GO R
< 60% WRE 1 43 -4.8 8 28 6 6.0
2 94 -8.0 12 80 28 438
3 95 -7.1 16 76 61 7.6
HWR® 4 93 -5.8 16 71 61 9.6
5 94 -4.0 23 60 83 8.8
6 99 7.1 14 83 67 8.8
Industry standard' 7 95 -4.9 19 70 77 5.6
8 93 -11.0 8 85 53 6.4
9 94 -5.6 17 79 82 7.2
Preservative only 10 47 3.1 15 19 4 5.6
Water repellent only 11 97 -5.7 17 74 77 24

& The ratings for each individual replicate are shown for each treatment,

® Calculated WRE from they intercept of least-squares fit of the 6-year data.
° Years to zero WRE values were obtained by extrapolating the linear tit of the WRE of the data for the first 6 years.

9 Initial WRE obtained from swellograph measurement of the industry-supplied WRPs, preservative only, and the WR only from Miniutti et al. (8).
¢ HWR = high water repellency. Formulated to be above the industry standard.
 Commercially formulated to meet the 60 percent WRE.

could be calculated from the data to give
1.5 years to zero WRE for the preserv-
ative without a WR (treatment 10), it is
probably not valid. A plot of the data
showed no trend throughout the exposure
period (Fig. 6). Ther” = 0.19 seems to
confirm this; there is little dependence of
WRE on the time of exposure.

The extrapolation of the WRE data
seems to explain the inconsistency be-
tween the durability of windows treated
with WR without preservatives after 20
years of exposure, as reported by Feist
and Mraz (6), and the durability of the
windows after 28 years. The data clearly
show a decrease of WRE with time. The
linear fit of these data seems to be a
reasonable approximation considering
the actual performance of these window
units. The fit predicts complete loss of
water repellency at about 20 years, and
the degradation of the windows not treated
with a preservative increased drastically
after 20 years.

Correlation coefficients were calcu-
lated for the parameters listed in Table 3.
The swellograph-determined WRE from
Miniutti et al. (8) (swellograph WRE)
was compared with the years to zero
WRE. (The years to zero WRE was de-
termined from the least squares fit of the
swelling data from the window sashes.)
The correlation coefficient obtained from
this comparison was 0.64. The other val-
ues listed in Table 3 were also compared;
the measured WRE of the solutions
(swellograph WRE) was poorly corre-
lated with the 28-year ratings (0.03) and
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Figure 7. — Average WR effectiveness obtained from swelling of window sashes
during wet weather for WRP treatment 7 with the best linear fit superimposed on the
data. Each point is an average of 10 observations.

the dope of decreased WRE with time
(dope) (0.05). Although there seems to
be some correlation between the WRE
determined from the swelling of the win-
dow sashes (calculated WRE) and the
swellograph-determined WRE  (swel-
lograph WRE) (0.58), the data for treat-
ment 1 drastically affected the plot. The
correlation without this formulation
drops to 0.06. The preservative-only for-
mulation was not included in these com-
parisons. The best correlation with the
swellograph WRE seemed to be with the
years to zero WRE (0.64). Miniutti et al.
(8) reported a much stronger correlation
between swellometer values and the
maximum swelling during the 4th year
of exposure. The correlation coefficient
of 0.64 may better approximate the value
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of the test because it was calculated
from a number of WRE observations
during 6 years.

CONCLUSIONS

The swellometer test as done accord-
ing to the standard in 1956 does not ap-
pear to be correlated with long-term
water repellency. The initial swellometer
measurements of the three different treat-
ment groups did not reflect the differ-
ences in the formulations. Although the
difference in formulation of these WRPs
was not disclosed, the long-term per-
formance of the HWR was better than
that for the other formulations. The limit
to the WRE is about 20 years. After 20
years of exposure, windows treated with
both WR and preservative were in better
condition because of the preservative.
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Swellometer measurements provide a
rough idea of the water repellency of
formulations, but the test is not sensitive
enough, in the present standard, to distin-
guish between good WRs or to predict
long-term performance of formulations
that have a preservative. In the absence
of a preservative, WRs can improve the
durability of wood in aboveground ap-
plications and, used with a preservative,
they greatly improve preservative effi-
cacy. Predicting durability of WRPs by
measuring water repellency, however,
may not be appropriate. Water repellency
is a parameter that affects, but does not
control, the durability of preservative-
trested wood.
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