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FOREWORD

This is one of a series of reports to be published describing
research, development, and demonstration activities in support of the
National Program for Building Thermal Envelope Systems and Materials.
The National Program involves several federal agencies and many other
organizations in the public and private sectors who are addressing the
national objective of decreasing energy wastes in the heating and
cooling of buildings. Results described in this report are part of the
National Program through delegation of management responsibilities for
the DOE lead role to the Oak Ridge National Laboratory.

George E. Courville

Program Manager

Building Thermal Envelope
Systems and Materials

Oak Ridge National Laboratory

J. A. Smith

Program Manager, Building Systems
Division

Office of Buildings Energy R&D

Department of Energy
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ABSTRACT

The corresiveness of various residential thermal insulation
materials was tested under simulated field conditions in a test wall
structure. The test was conducted under controlled conditions typical
of winter in the absence of a vapor barrier to create relatively severe
moisture transport and possible condensation. The house-wall simula~
tion was achleved by constructing a test panel containing 50 compart-
ments into which various insulation materials were installed. The
panel was lcocated in an environmental chamber. The ftest samples
included various cellulosic, glass fiber and rockwool insulations as
well as sterlle cotton as a control. 3teel and copper coupons together
with water-cooled copper pipes were embeddad in the insulation and
exposed for 0 months. It was found that moisture absorption by the
insulation was the primary factor in causing corrosion but reguired
that chemical activity from insulation components also be present. No
corrosion cccurred in the absence of insulation or in rockwool and
glassfiber insulation. All cellulose insulations caused some corro-
sien. Mostly this was minimal but in a few cases severe pitting
resulted. Such behavior of the cellulose did not correspond to previous
laboratory test results in saturated insulation or leachants made from
the insulation. However, laboratory testing of leachants made from
some of the cellulose after the simulated wall test showed a change in
pitting tendency, suggesting that time and/or exposure to moisture can
change the corrosiveness. This should be further explored.

INTRODUCTION

A task group of ASTM Subcommittee C16.31 has been developing a
uniform corrosiveness test procedure that would be applicable to all
types of residential insulation. To support their efforts, data have
been obtained and provided to the task group by Stevens Institute of
Technology under sponsorship of the Department of Energy through Oak
Ridge National Laboratory. Some results of this work have been previ-
ously reported [1-5]. Appendix I gives the existing standards for cor-
rosiveness testing.

It is clearly desirable that any new laboratory test procedure
produce results that reflect the corrosiveness of thermal insulation
under service conditions. It is also desirable Lo be able to diserimi-
nate between corrosiveness and corrosion. It is possible for the
latter to occur even with an inert insulation material because of the
insulation's ability to trap or draw moisture to a metallic surface
without taking part in aggravating the corrosion that could subse-
quently occur. One major weakness of existing test procedures is that
they were developed withouf the benefit of field performance data. Tne
reason for this is the almost complete absence of published field per-
formance data on the corrosiveness of residential insulation. The few
published field studies [6,7] containing data on corrosion were not
specifically designed to investigate corrosion. The investigators did
not deliberately examine metal components in the buildings under study;



in faet, generally such locations were avoided. One of the reports
[7], in fact, called for "a more rigorous examination of the potential
for corrosion.™ The availability of reliable field data has been
limited by the cost and difficulty associated with gaining access to
metal components in the walls of houses and by problems with obtaining
adequate environmental histories at each location. Some limited field
testing in attics of residential buildings at various geographical
locations was previously carried out [3], but no significant corrosion
was found.

Corrosion requires the presence of moisture. House wall cavities
are more probable sites for moisture accumulation, that could poten-
tially lead to corrosion, than are attics. Aside from leakage, e.g.,
from bathrooms, condensation is possible under severe conditions when a
vapor barrier is not present or is compromised. The presence of cold-
water pipes can also cause condensation of moisture.

BACKGROUND

One of the field studies previously mentioned [6] found that 12.5%
of a sample of 96 houses had suffered water leakage into the wall cav-
ity. This figure does not include numerous other leaks that were found
but not -further investigated by opening the wall. Clearly, leakage is
an important source of moisture and the potential for corrosion cannot
be ignored; however, the present work concentrates on moisture origi-
nating from condensation. In the previously cited study the authors
calculated that on average over the winter of their study the oppor-
tunity for condsnsation existed from 40% to 80% of the time in insu-
lated walls.

Wang [8] has reported that in two test houses studied during a
winter in Michigan that condensation occurred in the wall cavity. Out-
door conditions were 0-7°C, indoor conditions 21-24°C. The condensa-
tion occurred with both medium (30-35% RH) and high (50-55% RH) inter-
ior humidity settings. At the medium humidity value a Kraft paper
vapor barrier prevented condensation but did not at the high humidity
value. However, it should be noted that Wang also reports that field
inspections of over 70 houses in the US and Canada having a variety of
constructions, insulations, vapor barriers, sidings, etc. did not
reveal evidence of condensation.

It is against this background that a simulation was constructed
to determine the potential corrosiveness of various residential thermal
insulation materials under relatively severe conditions, conducive to
moisture transport and possibly condensation, that mighi be experienced
by an insulated house wall cavity without a vapor barrier during a win-
ter condition.

EXPERIMENTAL

The house-wall simulation was achieved by constructing a test



panel containing 50 compartments into which various insulation mate-
rials were installed. The panel was located in an environmental
chamber. The chamber was constructed such that the environmental
conditions (temperature and relative humidity) on both sides of the
test panel could be independently controlled. The panel was condi-
tioned for 190 days (this being a nominal 6-month period) with the
environmental conditions maintained at approximately 22°C and 45%
relative humidity on the interior (hot) side and 3°C and 95% relative
humidity on the exterior (cold) side. This would be expected to
produce a vapor pressure differential of 6.19 um of Hg (0.12 psi).
These conditions, although relatively severe in terms of vapor pressure
drop, are within those to be expected during a winter in the USA (see,
for example, the study by Wang [8] cited above).

Test Panel Configuration

The test panel used in this program was dimensioned 210 om long by
150 em high by 11.5 cm thick and was constructed with standard 2 by 4
studs around the perimeter of the test panel and 1.25 cm thick gypsum
board sheathing to represent the interior side of the wall. The
exterior side was sheathed with two different products; 1.25 cm thick
plywood and 1.25 cm thick aluminum foil-faced polyisocyanurate foam
board. The left half (Cells 1-4, 11-15, 21-25, 31-35, and H41-45) of
the test panel was sheathed with plywood while the right half (all
remaining cells) of the test panel was sheathed with the foam board.
The purpose of using two different sheathings was to demonstrate the
effect of the water vapor permeability of the exterior sheathing on the
potential for corrosion. The panel was designed such that there would
as far as possible be pairs of cells with identical insulation mate-
rials with the only variable being the sheathing material. The panel
was mounted vertically.

The interior of the test panel was divided into fifty (50) ident-
ically sized cells laid out in an array 10 cells wide by 5 cells hnigh.
The cells were numbered 1 through 50 with Cell 1 being the upper left
corner, Cell 10 the upper right corner, and Cell 50 the lower right
corner when viewed from the Iinterlor side. The walls of the cells were
fabricated from 1.25% cm thick extruded polystyrens foam glued with sil-
icone cement to seal the cells from esach cother. The resulting cell
size was 29 cm high, 20 cm wide and 9 cm deep.

The insulation materials employed in the test were identified as
Cellulose #1, Cellulose #2, Cellulose #3, Cellulose #U4, Cellulose #56,
Cellulose #527G, Rockwool, Glassfiber B, Glassfiber 0, Glassfiber T,
and sterile cotton wool as a control. For this test no degreasing was
usaed on the cotton. The presence of natural o0ils in the cotton may
have resulted in less moisture absorbtion and thus possibly reduced
corresion compared to degreased cotton. However, the choice of cotton,
whether degreased or not, as an inert control is arbitrary. In previ-
ous tests at Stevens Institute [3] Celluloses 1, 2, 3, 4, and 6 all
passed the federally mandated HH-I~515D corrosiveness test which is



equivalent to that in ASTM C739 Specification for Cellulosic Fiber
(Wood-Base) Loose-Fill Thermal Insulation. Cellulose 527G failed this
test. No ASTM C665 (Standard Specification for Mineral-Fiber Blanket
Thermal Insulation For Light Frame Construction And Manufactured
Housing) standard corrosiveness test data were available to.us for the
glassfiber and rockwool insulations, but in various other corrosiveness
tests at Stevens, Rockwool and Glassfiber B produced low corrosion
levels, less than a distilled water control [3]. Glassfiber 0 and T
were not part of those tests and were purchased from retail outlets.
The other insulations were supplied by the manufacturers. More inform-
ation on these materials is given in Table 1. In addition, some cells
were left without insulation. Figure 1 details wnich insulating mate-
rials were installed in each cell. The loose-~fill materials were
applied based on manufacturers' values for applied density as shown in
Table 2. Applied densities rather than settled densities were used
because the former had been specified by the ASTM C16.31 Corrosiveness
Task Group for the laboratory testing at Stevens and we wished to
maintain consistency. It might be anticipated that some small differ—
ences in moisture absorption within each cell might have resulted if
settled rather than applied densities had been used. The batt materials
vwere cut to size and placed into the cells. To the extent possible, it
was desired to test all of the insulating materials used in previous
laboratory tests at Stevens and to include steel and copper coupons
which could not be located together in the same cell because of the
possibility of galvanic corrosion. The same insulating materials were
placed in the two corresponding cells with different exterior sheath-
ings. Due to the limited number of cells it was not possible in all
cases to test both copper and steel in each insulation with each of the
outer sheathings.

Metal coupons (5.08x2.54x0.3 cm) were inserted into the insulation
materials installed in Cells 1 through 40. The coupons wsre either
AIST 1010 steel or Cabra 110 tough-pitch copper. Prior to installa-
tion, the coupons were abraded to a 600 grit finish on silicon carbide
abrasive paper, washed in distilled water and ultrasonically degreased
with 1.1.1 trichlorethane. After doing this they were then accurately
weighed. The coupons were centered in the cell at mid-thickness of the
insulation with the large faces of the coupons parallel to the sheath-
ing. When there was no insulation in the cell, the coupon and pipe
sections (copper) were suspended in the center of the cell with a nylon
thread.

Corrosometer* probes, which were previously described [3], were
installed in Cells 11 through 20 along with test coupons. These probes
allow monitoring of corrosion during the test by changes in electrical
resistance of one of the probe elements. The probe contains two ident-
ical steel sheet elements, one of which is protected from the environ-
ment. The two elements are connected in a bridge circuit., Changes in

¥Rohrback Industries



Cellulose No. 1

Cellulose No. 2

Cellulose No. 3

Cellulose No. 4

Cellulose No. 6

Cellulose No 527G

Rockwool

Glass Fiber B
Glass Fiber O%
Glass Fiber T*

Sterile Cotton*

TABLE 1
MATERIALS INCLUDED IN TEST

1 part borax (5 mole); 2 parts boric acid, 25%
chemical content

2 parts borax; 1 part boric acid, 25% chemical
content

1 part borax; 1 part boric acid; 1 part aluminum
trihydrate, 25% chemical content

1 part borax; 4 parts ammonium sulfate, 30%
chemical content

2 parts borax, 2 parts boric acid; 1 part aluminum
sulfate, 25% chemical content

Ammonium sulfate, 19% chemical content

Loose fill

1/2" appliance type

31/," batts
31/," batts
Wool

*Purchased retail, all other insulation were those previously employed
in the test program at Stevens and were supplied by manufacturers.



FIGg. 1 LOCATION OF CELLS AND THEIR CONTENTS IN TEST WALL
- -——-PLYWOOD SHEATHING------—- —-— -]« POLYISOCYANURATE BOARD SHEATHING--—-—-————---—-——————=—
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TABLE 2
DATA SUMMARY

INSULATION WEIGHT, GRAMS COUPON WEIGHT, GRAMS
CELL NO. MATERIAL  DENSITY, PCF INSTALLED FINAL % CHANGE  COUPON  INSTALLED - FINAL CHANGE % CHANGE

1 NONE --- e --- --- Cu 1t 38.756 38.756 0.000 0.00

--- --- --- --- Cu PIPE 1 26.000 25.993 0.007 0.03

2 CELLULOSE 1 3.14 220.07 270.42 22.88 Ffe 21 27.935 27.905 0.030 0.11

3 GLASSFIBER T 0.568 39.79 40.52 1.83  Fe 22 29.192 29.142 0.050 0.17

4 CELLULOSE 3 3.12 218.50 304.43 39.33 Fe 1 29.345 29.274 0.071 0.24

5 CELLULOSE 6 2.91 203.39 228.69 12.44 Fe 2 28.495 28.493 0.002 0.01

6 NONE .- --- --- --- Cu 2 38.292 38.241 0.051 0.13

--- --- --- --- Cu PIPE 6 25.760 25.764 -0.004 -0.02

7 CELLULOSE 1 3.14 220.07 231.09 5.01 Fe 3 28.770 28.767 0.003 0.01

8 GLASSFIBER T 0.534 37.39 37.78 1.04 Fe 4 29.047 29.047 0.000 0.00

9 CELLULOSE 3 3.12 218.50 265.98 21,73 fe S 28.722 28.722 0.000 0.00

10 CELLULOSE 6 2.91 203.39 276.99 36.19 Fe 6 28.808 28.791 0.017 0.06

1 CELLULOSE 4 3.17 221.99 269.10 21.22 Fe 7 28.969 28.967 0.002 0.0%
PROBE 11 --- .- —e- .-

12 CELLULOSE 527G 3.12 218.33 278.39 27.51 Fe 8 28.583 28.576 0.007 0.02
PROBE 12 --- .-- - .-

13 CELLULOSE 2 3.24 226.84 342.49 50.98 Fe 9 29.218 29.197 0.021 0.07
' PROBE 13 .- .- - ---

14 GLASSFIBER B 0.491 34.36 36.26 5.53  Fe 19 29.067 29.068 -0.001 0.00
PROBE 14 .-~ --- .- ---

15 ROCKWOOL 2.78 194.80 191.03 -1.94  Fe 10 28.957 28.958 -0.001 0.00
PROBE 15 --- --- --- .-

16 CELLULOSE 4 3.17 221.99 235.90 6.27 Fe 11 28.790 28.785 0.005 0.02
PROBE 16 .e- “-- --- .-

17 CELLULOSE 5276 3.12 218.33 250.23 14.61  Fe 12 28.708 28.698 0.010 0.03
PROBE 17 --- --- --- .-

18 CELLULOSE 2 3.24 226.84 236.02 4.05 Fe 13 28.631 28.623 0.008 0.03
PROBE 18 --- --- .- ‘.-

19 GLASSFIBER B 0.498 34.86 35.16 0.86 Fe 20 28.683 28.685 -0.002 -0.01
PROBE 19 --- --- --- ---

20 ROCKWOOL 2.78 194.80 190.69 -2.11  Fe 14 28.911 28.750 0.161 0.56
PROBE 20 “-- --- “-- ---

21 CELLULOSE 527G 3.12 218.33 358.32 64.12 Fe 15 28.255 28.263 -0.008 -0.03

22 GLASSFIBER 0 0.615 43,02 43.09 0.16 Ffe 28 25.927 25.926 0.001 0.00

23 GLASSFIBER T 0.443 31.01 32.10 3.51 Fe 16 28.811 28.814 -0.003 -0.01

24 CELLULOSE 4 3.17 221.99 274.35 23.59 Fe 17 28.878 28.880 -0.002 -0.01

25 CELLULOSE 2 3.24 226.84 454.16 100.21  Fe 30 25.764 25.660 0.104 0.40

26 CELLULOSE 5276 3.12 218.33 257.16 17.79 Fe 18 28.045 28,040 0.005 0.02

27 GLASSFIBER O 0.633 44.26 44.73 1.06  Fe 29 25.812 25.812 0.000 0.00



TABLE 2
(Continued)
INSULATION WEIGHT, GRAMS COUPON WEIGHT, GRAMS
CELL NO. MATERIAL DENSITY, PCF INSTALLED FINAL % CHANGE COUPON INSTALLED FINAL CHANGE % CHANGE
28 GLASSFIBER T 0.483 33.77 33.86 0.27 Fe 24 25.575  25.575 0.000 0.00
29 CELLULOSE 4 3.7 221.99  248.32 11.86  Fe 25 25.793  25.760 0.033 0.13
30 CELLULOSE 2 3.2 226.84  250.93 10.62  Fe 26 25.756  25.750 0.006 0.02
31 GLASSFIBER B 0.524 36.67 38.72 5.5  Cu3 39.861  39.812 0.049 0.12
32 CELLULOSE 2 3.26  226.8  526.32  132.02 Cu4 38.297  38.283 0.014 0.04
33 ROCKWOOL 2.78  194.80  191.95 146 CuS 38.995  38.998  -0.003 0.01
34 CELLULOSE 5276 3.2 218.33  308.73 (.41 cu6 38.267  38.265 0.002 0.01
35 STERILE COTTOM 1.3 90.77 94.71 4.3 Fe 23 25.083  25.082 0.001 0.00
36 GLASSFIBER 0.512 35.86 36.18 0.89 Cu7 30.145  39.148 0.003 0.07
37 CELLULOSE 2 324 226.84  255.05 12,46 Cu8 38.542  38.526 0.016 0.04
38 GLASSFIBER O 0.505 35.35 35.37 0.06 cu 10 38.506  38.508 0.002 0.01
39 CELLULOSE 5276 3.2 218.33  267.12 22.35  Cu9 38.564  38.562 0.002 0.01
40 STERILE COTTON 1.35 94.54 95.89 1.43  Fe 27 25.983  25.984  -0.001 0.00
41 NONE .- .- .- Cu PIPE 41  55.970  55.950 0.020 0.04
42 CELLULOSE 2 3.24  226.84  558.65  146.27 Cu PIPE 42  57.950  57.885 0.065 0.1
43 CELLULOSE 527G 3.2 218.33  636.00  191.30 Cu PIPE 43 59.490  59.315 0.175 0.29
4 STERILE COTTON 1.31 91.62  164.08 79.09 Cu PIPE 44  58.440  58.431 0.009 0.02
45 GLASSFIBER T 0.558 39.08 40.06 2.51 Cu PIPE 45  58.350  58.325 0.025 0.04
46 NONE .- - .- Cu PIPE 46  59.430  59.399 0.031 0.05
7 CELLULOSE 2 3.4 226.84  335.57 47.93 Cu PIPE 47  58.010  57.997 0.013 0.02
48  CELLULOSE 527G 3.12  218.33  479.23  119.50 Cu PIPE 48  60.580  60.529 0.051 0.08
49 GLASSFIBER O 0.577 40.38 44.48 10.15 Cu PIPE 49  57.740  57.697 0.043 0.07
50 GLASSFIBER T 0.434 30.34 30.49 0.49 Cu PIPE 50  57.280  57.246 0.034 0.06



resistance of the exposed element can therefore he determined and con-
verted Lo a corrosion rate by assuming uniform loss in thickness due to
general corrcsion. The probe material was AISI 1010 steel. Care was
taken to insure that there was a reasonable separation between these
probes and the steel coupons mounted into the same cell. Small holes
were cut into the gypsum board sheathing to allow the probe gables to
exit the test panel. These openings were sealed with duct tape as were
the edges of the inner and cuter sheathings.

Sections of copper pipe cleaned on the outside in the manner des-
crived above and weighed were installed in Cells 1, 6, and 41-50. The
individual sections of pipe in Cells 41-50 were connected together with
Tygon tubing and the ends of the tubing exiting Cells 41 and 50 were
attached to a refrigerated circulation bath in order to simulate the
presence of cold water pipes in the insulation. The Tygon tubing
allowed electrical isclation of the pipe sections in each cell, pre-
venting possible galvanic corrosion effects Detwsen sections in differ-
ent cells. The cells %1-50 were those at the bottom of the test wall
when mounted in the conditioning chamber.,

Test Chamber Description

A test chamber was constructed to accommodate the test panel and
create the required environmental conditicns. The inside dimensions of
the chamber were 210 cm long by 172 cm high by 50 cm deep. It was con-
structed from plywood on a framework of 5.08x%x15.24 em (2"x6") studs
spaced 60 cm on center. All the walls were insulated with R-19 glass~
fiber batts. One of the 210x150 cm walls was removable to gain access
to the chamber interior. All of the joints inside the chamber were
reinforced with glass-fiber cloth and the interior surfaces of the
chamber were waterproofed with epoxy.

Heat exchangers of similar surface dimensions as the test panel
were mounted to the chamber such that, with the test panel in place,
the heat exchangers would be 7.5 cm from each surface of the test
panel. The heat exchangers were constructed from 9 mm thick anodized
aluminum plates with 1.25 cm rigid copper tubing attached to the back
side. The copper tubes were spaced 7.5 cm apart and connected in a
parallel configuration to minimize the pressure drop across the heat
exchanger. The heat exchangers were connected to temperature-con-
trolled recirculating baths; the exterior and interior baths had cool-
ing capacities of 2400 and 366 watts at 0°C, respectively. A series of
fans were also mounted on each side of the test panel to circulate air
across the surfaces of the test panel and maintain uniform environ-
mental conditions.

Each side of the test panel was outfitted with a saturated salt
bath to maintain the required levels of humidity. The salt baths were
connected to distilled water level controllers which would maintain a
continuous supply of water to the baths without opening the chamber.
The salts used in the exterior and interior baths were zinc sulfate and



magnesium nitrate, respectively.

Ten thermocouple temperature sensors and a lithium—chloride type
humidity detector were installed on each side of the test panel to
monitor the environmerital conditions during the course of the
experiment.

The environmental chamber is shown in Figure 2 with one of the
heat exchanger plates lifted to reveal the space where the test wall
was installed. A schematic of the test chamber is shown in Figure 3.

Conditioning Procedure

Periodically, the output from the temperature sensors and the
numidity detectors were scanned to verify the performance of the
temperature and humidity control equipment. The outputs of the ten
corrosometers were monitored at the same frequency. The environmental
conditions for the duration of the exposure are shown graphically in
Figures 4 and 5. The hot side averaged T0.8°F (21.6°C) and 44,3% RH,
while the cold side averaged 38.0°F (3.3°) and 95.49 RH.

The conditioning equipment was maintained for 190 days. During
this period of time, there was one six—hour period when one of the
refrigerated circulators required maintenance and was off-line.

The refrigerated circulator attached to the copper pipes in Cells
41 through 50 was operated daily for eight hours. The temperature of
the coolant in this loop was 10°C (50°F).

The likelihood of condensation under the conditions of the test
was evaluated using the estimated temperature and vapor pressure pro-
files obtained by the method described in the ASHRAE Handbook [10].
This approximate calculation placed the condensation plane inside the
wall cavity for both types of outer sheathing, being 1.4 cm and 0.8 cm
from the inside surface of the plywood and foam board respectively.
Assuming condensation actually occurred at the inside surface of the
outer sheathing, the vapor pressure profile was recalculated and a
moisture accumulation rate estimated. Moisture accumulation was found
to be approximately twice as high with the plywood as with the foam
sheathing. These results are shown in more detail in Appendix II.

Test Panel Disassembly

Upon completion of the 190-day conditioning exposure period, the
test panel was opened and the metal coupons, copper pipes, and cor-
rosometers were removed from the cells. The insulation materials were
carefully removed from each of the cells and weighed Lo determine their
moisture gain during the test. These results are presented in Table 2.
The weights of the coupons and pipes are shown before testing and after
post exposure cleaning also in Table 2. The cleaning procedure to
remove corrosion products followed ASTM Gl Standard Practice For Pre-



Fig. 2 Environmental chamber with one heat exchanger lifted.
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paring, Cleaning and Evaluating Corrosion Test Specimens, using
Clarke's solution for the steel and hydrochloric/sulfuric acid mixture
for the copper.

Weight losses were not converted to corrosion rates as that would
have assumed uniform corrosion over the entire specimens surface. Vis-
ual observation showed this was not the case for the corroded speci-
mens. The weight loss data were able to give a relative measure of the
severity of attack if one treats them with caution and considers them
along with visual observations. In addition, for those coupons and
pipes that showed observable pitting, the maximum pit depth was mea-
sured by differential focussing at high magnification with an optical
metallograph. Accuracy of this technique was estimated at + 2 um.

RESULTS AND DISCUSSION

Results for the moisture gains of the insulation materials and the
weight changes due to corrosion of the metal coupons and pipes are
recorded in Table 2. Figures 6-9 are photographs of the metal coupons
and pipes after completion of the test but prior to cleaning and weigh-
ing. The photographs are arranged to show both faces of each coupon,
i.e., that toward the high-temperature side and that toward the cold
side, for each of the two types of outer sheathing. The copper pipes
are only included in one photograph from each outer sheathing pair, as
orientation was not important. The maximum pit depth data for those
samples showing pitting are given in Table 3.

Due to the limited number of cells available, it was not possible
to have a complete set of matching metal/insulation pairs located
behind the two sheathing types and this, unfortunately, reduced the
number of dlrect comparisons based on sheathing permeability. However,
the following observations can be made from the photograph and data.

Coupon Corrosion

In no case was corrosion observed to be uniform over the entire
coupon surface. Even those coupons with the most corrosion showed
attack in patches of localized pitting. On coupons where corrosion was
observed, it was found, in general, that more attack occurred on the
faces toward fhe high-temperature side of the wall. This was true for
both types of sheathing. This result is probably due to the direction
of water vapor transport being from the hot to the cold side.

No Insulation

Copper coupons that were exposed in cells with no insulation were
not corroded, indicating that condensation did not occur in the absence
of insulation. This is to be expected as the absence of insulation
would result in a less severe drop in saturation pressure within the
wall cavity than if insulation were present and less probvability that
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Fig. 6 Metal specimens after 6 months exposure in cells sheathed with
plywood, showing faces of coupons toward warm side of wall.
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TABLE 3

MAXIMUM PIT DEPTH FOR METAL SPECIMEN THAT EXHIBITED PITTING CORROSION

Max Pit
Depth
Cell Metal Insulation (um)
2 HP Fe coupon Cellulose 1 104
4 HP Fe coupon Cellulose 3 580
5 HP Fe coupon Cellulose 6 96
13 HP Fe coupon Cellulose 2 648
16 LP Fe coupon Cellulose 4 54
18 LP Fe coupon Cellulose 2 196
25 HP Fe coupon Cellulose 2 616
32 HP Cu coupon Cellulose 2 86
37 LP Cu pipe Cellulose 2 36
42 HP Cu pipe (cooled) Cellulose 2 94
43 HP Cu pipe (cooled) Cellulose 527G 4o
HP = high permeability plywood sheathing
LP = low permeability foam sheathing

For comparison a pit penetration of 150 um in 6 months (the test
period) would extrapolate to penetration of 1/16" (0.159 cm) in
approximately 5 years assuming a constant rate.



the dew point would be reached within the wall.

Sterile Cotton

Steel coupons exposad in the cells contalning the sterile cotton
control material were not corroded. This is provably due to the low
moisture gains in these cells, 4% when there was plywood sheathing and
1% when the sheathing was fToan.

Glass-Fiber and Rackwool

No corrosion occurred on any of the steel and copper coupons
embedded in the glass fiber and rockwool insulation samples for both
types of outer shesathing. One exception, a steel coupon (Cell 20) in
rockwool nad corrosion on its high-temperature facing side, but no
corrosion on its other face. The weight loss for this coupon of 0.56%
was the largest observed of any in this ezperiment. Thnis cell was in
the Toam sheathed half of the wall. The equivalent coupon in the
plywood half of the wall was not corroded. The copper coupon in
rockwool also showed no corrosicon. There does not appear to be an
obvious explanaticn as there was no weight gain of the inaulation due
to moisture pickup for any of the thrse cells containing rockwool. In
fact, each experienced a slight weight loss during the test. It may be
that the rockwool in Cell 20 had some loszal contamination. We, there-
fore, consider the result anomalous; however, it does illustrate that
product contamination could easily influence corrosivenegs. The lack
of corrosion for coupons in the glass [iber and rockwool insulations
appears to be due to the very low moisture gains of these materials
during the test, the maximum being 6% for Glass Fiber B in the plywood
sheathed part of the wall. These results are also consistent with our
previous laboratory corrosiveness testing [3-5] in which the glassfiber
and rockwool insulation samples tested consistently proved of low cor-
rosiveness relative to a distilled water control.

Cellulose

All of the coupons embedded in cellulosic insulation displayed
some corrosion; however, in most cases it was minor surface staining
with no significant less of metal. The welght gains due to meisture
for the celluleosic insulation samples was generally very much greater
than for the glassfiber and rockwool, with gains from 4% to 100%. With
one exceptlon (Cell 10), moisture galns were substantially greater in
the cells with the plywood sheathing which had a higher permeablility
than the feam sheathing. This correlates with the previcusly discussed
estimates of melsture accumulation. Many of the coupons were corproded
more where the moisturs content was higher, buf there were exceptions,
notably the coupons in Celluloses ¥ and 527G. In the former case, the
coupons Trom the foam sheathed part of the wall (Cells 16 and 29) wers
corroded more than from the plywood side (Cells 11 and 28) in spite of
lower moisture coutents in the Insulation. The coupons in 527G were
corroded about the same in both halves of the wall (Cells 12, 16, 31,

¥
ne
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26) although again moisture contents were much higher in the cells on
the plywood size.

While in many cases the weight loss data correlate with visual
observations of corrosion, there are exceptions. Coupons from Cells
36, 29 and 31 had large weight losses compared to those typically found
for the other coupons. These results did not correlate to the visual
evidence. It is possible that an error may have been introduced as a
result of the cleaning procedure or from the weighing process itself.
The before-and-after weighings were done many montns apart and the
weight losses involved were typically very small. The probability of
error is therefore high and the weight loss data should be treated with
appropriate caution, We are also concerned about the reliability of
the ASTM Gl cleaning procedure which we plan to investigate further.

For Celluloses 2, U4, and 527G it was possible to examine the
reproducibility of corrosion for cells that had nominally the same
conditions. Samples of Cellulose 2 which were located in Cells 18 and
30 in the foam-sheathed part of the wall gave similar visual and weight
loss results. The samples in Cells 13 and 25 on the plywood-sheathed
side had different results. The coupons from Cell 25 appeared to bhe
much more corroded and had a larger weight loss. There was also a
large difference in moisture gains. The insulation in Cell 13 gained
51% while that in Cell 25 gained 100%. No obvious reason for these
results is apparent. Possibly the chemical loading was greater for the
sample of the cellulose insulation in Cell 25. Moisture gain has pre-
viously been shown to be a function of the type of additive and its
concentration in the insulation [9].

The samples in Cellulose 4 located in Cells 11, 16, 25 and 29
exhibited reasonably good reproducibility when comparing visual evi-
derice of corrosion, weight loss (except for an anomalously high result
for Cell 29) and moisture gain. Similarly for Cellulose 527G (Cells
12, 17, 31, 26), the corrosion was about the same in each cell as was
weight loss even though the moisture gain in Cell 21 was twice that in
Cell 17. Apart from the exception (Cell 29) mentioned, reproducibility
was reasonable between similar cells in the wall.

Although most of the corrosion in the cellulose insulation was
limited to surface staining, samples were pitted. The maximum pit
depths shown in Table 3 show that the pitting was quite deep in some
cases. It should be noted, however, thnat pit distribution on tne
sample surfaces was limited. Most of the pitting was in the plywood-
sheathed nhalf of the wall. It can be seen that Celluloses 1, 2, 3, 4
and 6 all caused pitting of the steel, the most being in Cellulose 3
and in particular in Cellulose 2. Cellulose 527G did not cause plt-
ting. These results are surprising in view of our previous lavoratory
test results with these materials [3]. In those tests Cellulose 2
which contained borax and boric acld consistently showed the least
corrosiveness of the Cellulose samples; with minor pitting tendency,
and Cellulose 527G containing ammonium sulfate the most producing
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general corrosion rather than pitting. On completion of the test,
samples of Cellulose 2 that had caused severe pitting were re-examined
for pitting tendency using a voltammetric test (see Reference %) in the
insulation leachant. This showed a pitting tendency that had not been
observed in the earlier experiments suggesting that the corrosiveness
of the insulation may have changed with time and/or exposure to nigh
moisture levels., Alternatively a sample containing less borax may have
been used in the test suggesting poor additive distribution in the
material supplied. One may speculate that chemical additives in the
laboratory Lests dissolve and the solution uniformly distributes across
the metal surface allowing inhibiting chemicals to work effectively.

In the test wall, hygroscopic particles of additives may have absorbed
moisture and the resulting droplets in contact with the metal could
form isolated localized cells. In these cells the cuter part of the
droplet, with more oxygen access, would become cathodic to the inner
part (as in atmospheric corrosion by water droplets) resulting in a
localized corrosicn. If the borax, for example, which normally pro-
vides a corrosion-inhibiting effect for cellulose was not sufficiently
well distributed to dissolve in all moisture droplets, it could not
provide its effective inhibiting role typically obtained in the more
uniform coverage of the laboratory test done with leachants. Settling
or lack of sufficient milling during manufacture could produce this
nor-~uniform distribvution, However, this explanation does not explain
why the ammonium sulfate in Cellulose 527G did not cause pitting.
Corrosion of copper in Cellulose 527G was barely visible and was
reflected in the low weight losses. The moisture gain in the 527G
insulation was 41% with the plywood and 22% with the foam sheathings.
Thias was approximately in the middle of the range for the various
cellulose~containing cells and does not appear to have been a critical
variable in the amount of corrosion given that a minimum moisture level
was present.

Copper coupons in Cellulose 2 showed significant localized corro-
sion. The only pitting of copper coupons being in Cells 32 and 37. On
the high-temperature sides of the coupons the corrosion was about the
same. On the low-temperature side there was no corrosion in Cell 37,
but a reasonable amount in Cell 32 which had the plywood sheathing.

The moisture pickup in Cell 32 was 132%, which was the highest
recorded, but it was only 12% in Cell 37. Therefore, variation in
moisture content does not appear to have had a significant influence on
the corrosion rate of copper coupons assuming that a minimum threshold
was attained to initiate corrosion. That threshold appears to be equal
to or less than the minimum 12% pickup found in these cells. For the
steel coupons the threshold appears to have been as low as 4% (Cellu-
lose 2, Cell 18) and 6% {(Cellulose 4, Cell 16) to cause corrosion in
certain of the cellulose insulation, There was apparently not enough
moisture absorbed by the glass fiber and rockwool insulation to reach
the threshold. The cellulesic insulation apparently absorbed enough
moisture to cause corrosicn. The differences in behavior is then
explained by the differing efficacies of chemicals in the cellulose in
inhibiting or aggravating the corrosion that would have cccurred solely
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due to the significant moisture pickup of this type of material. From
the consideration of vapor pressure and saturation pressure profiles
previously discussed, condensation within the wall cavity was a strong
possibility, if not in the insulation, then on the inside sheathing
surface.

Copper Pipe Corrosion

Corrosion did not occur on the water-cooled copper pipes in cells
without insulation, or on cells containing glass fiber types O and T or
cells with sterile cotton control. Insufficient material and limited
cell locations precluded embedding the pipes in rockwool and Glass
Fiber B samples. The moisture gains were quite low for the glass
fibers (2.5% and 1% for Glass Fiber T, 10% for Glass Fiber 0). The
sterile cotton increased in weight by 79% without causing corrosion.

Copper pipes embedded in Cellulose 2 and 527G showed significant
visual evidence of corrosion. Corrosion was more pronounced in the
cells that had the plywood sheathing. Moisture gain in the four
cellulose~containing cells was high, the larger increases being in
cells that had the plywood sheathing. The gain for Cellulose 527G was
higher, being 192% in Cell 43 and 120% in Cell 48, than for Cellulose
2, which was 146% in Cell 42 and 48% in Cell 47. The two figures for
each insulation being for the two types of sheathing. The weight loss
data for the pipes does not match well with the visual evidence. The
pipes from Cells 42 and 43 which appeared the most corroded had the
highest weight losses. However, based on weight loss it would not have
been possible to differentiate between the other pipes which had losses
between 0.02 and 0.08%. Yet the pipes from Cells 47 and 48 had evi-
dence of corrosion while the others did not.. It would again appear
that the weight loss data are questionable for the reasons previously
cited and it is also unknown how much corrosion occurred inside the
pipe. The corrosion on the pipe in Cellulose 2 (Cell 42) appeared more
extensive than on the copper coupon in the same insulation (Cell 32);
however, they had similar maximum pit depths. These cells had similar
moisture gains (146% and 132%, respectively). Pit depth for Cellulose
527G (Cell 43) was less than half that for the Cellulose 2 (Cell 42).
Again surprising given the laboratory test results discussed above.

Electrical-Resistance Probes

The outputs of the electrical-resistance probes altnough showing
some fluctuations were relatively unchanged during the test period.
The outputs versus time for the probes is shown in Appendix III. These
results indicated little corrosion occurired (the slope of the output
versus time is proportional to corrosion rate). This was confirmed on
examination of the probes following the test. One reason for the
results, given that some of the cellulose samples had produced corro-
sion of coupons is that the sensing surfaces of the probes had faced
the cold side of the wall. It had not been predicted before the test
that facing the hot side would have been a more severe corrosion site.
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CONCLUSIONS

1.

Moisture absorption appears to be the primary, but not only factor
in causing corrosion by insulating materials. Sterile cotton
which exnhibited a high moisture absorption in contact with a
cooled copper pipe did not produce corrosion. It therefore
appears that other factors, most probably the activity of chemi-
cals from the insulation are required for corrosion, even if their
role 1s just to increase the conductivity of the solution. They
may also contribute aggressive species.

No corrosion occurred in the absence of insulation even on the
cooled copper pipes.

No corrosion occurred on steel coupons, copper couponsg or cooled
copper pipes embedded In glassfiber or rockwool (except for one
anomalous specimen) insulations in this simulation. This appears
to be due to the low moisture absorption by these materials.

All of the cellulosic insulation materials tested produced corro-
sion of steel and copper. For many cases this corrosion was very
minor, being in patches and resulting only in surface staining.
Penetration depth can be considered negligible in terms of pro-
jected lifetime. However, in some materials a few deep pits were
produced. In the worst cases, if they propagated at the same rate
as in this test, they would result in penetration of a 1/16"
(0.159 cm) thickness in as little as 18 months (steel coupons in
Cellulose 2). It 1s, however, not known if this penetration rate
would be maintained in a longer exposure.

Cellulosic insulations, in particular Cellulose 2, that had rela-
tively low corrosiveness in previous laboratory testing, produced
significant pitting in the test wall. It is postulated that this
is due to formation of localized cells of concentrated additive
solutions that promoted local corrosion. This occurred without
the mediating effect of the borax inhibitor additive that was kept
separated from the aggressive additive due to lack of saturation
conditions. In the laboratory testing, the use of a saturated
insulation or a leachant allowed the inhibitor to be effective.
Additionally it is possible that changes in corrosiveness occur
with time and/or molst air exposure due to changes in the chemical
additives.

Corrosion was generally more severe on the sides of coupons which
faced the warmer side of the test wall and were first in the path
of moisture diffusing through the wall.

The Cellulose 527G containing ammonium sulphate, produced rela-
tively little corrosion of the steel coupons considering the
severe corrosion it produced in the ASTM C739 accelerated corro-
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siveness test. An interesting explanation for this has been very
recently suggested involving the activity of sulfate-reducing
bacteria in accelerating corrosion [11]. Anaerobic bacteria can
reduce sulfate to sulfide. The sulfide can accelerate corrosion
of steel. Hydrogen to accomplish the reduction can be derived
from cellulose by the bacteria [12]. Such bacteria may be less
active or inactive under the more aerobic conditions of the test
wall, leading to a reduced corrosion rate.

The plywood sheathing material generally resulted in a greater
moisture gain in the insulation than the less permeable foam
sheathing. This was anticipated from calculated accumulation
rates. While the amount of moisture gain did not always correlate
with the amount of corrosion in the cellulosic materials, there
did appear to be a moisture-gain threshold below which corrosion
was not significant and in this respect sheathing permeability
could be an important factor.

RECOMMENDATIONS

Clearly it would be desirable to obtain information over a longer
period. One must be very cautious in extrapolating the results of
the six-months simulation reported here. Corrosion rates vary
with time, e.g., as corrosion product films limit additional
attack. It would also be desirable to test the effect of diurnal
temperature and humidity fluctuations as well as other types of
insulation.

The results suggest that further study is required on the effects
of moisture saturation levels and aging on the corrosiveness of
cellulosic insulations and the implications for development of a
uniform accelerated laboratory testing procedure for all types of
residential thermal insulation materials.

Pitting appears tc be the primary form of corrosion and this
should be reflected in accelerated laboratory test procedures,
with an appropriate quantitative measure. Coupon weight 1loss is
not appropriate. Pit depth measurements or the presence and size
of a hysteresis loop in potentiodynamic electrochemical analysis
are possible indices and are currently being pursued by us.

The effect on moisture gain by the insulation due to the absorp-
tivity of the sheathing was not specifically addressed in this
study. It may warrant further study.

The role of bacterial action in influencing corrosion, particular-—
ly of cellulosic insulation should be further investigated.
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APPENDIX I

INSULATION STANDARDS CONTAINING CORROSIVENESS TESTING PROCEDURES

Copies are included here of corrosiveness testing procedures

specified in current U.S. Standards for residental thermal insulation
materials. These include:

1.

ASTM C739, Specification for Cellulosic Fiber (Wood-Base) Loose-
Fill Thermal Insulation

GSA HH-I-515D, Federal Specification for Insulation Thermal (Loose
Fill for Pneumatic or Poured Application): Cellulosic or Wood
Fiber (This standard is federally mandated.) Procedure the same
as ASTM C739 test method A.

ASTM C665, Standard Specification for Mineral-Fiber Blanket
Thermal Insulation for Light Frame Construction and Manufactured
Housing

ASTM C764 Mineral Fiber Loose~Fill Thermal Insulation. Procedure
the same as ASTM 665.

ASTM - American Society for Testing and Materials.

GSA

- General Services Administration.
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CELLULOSIC FIBER (WOOD-BASE) LOOSE-FILL THERMAL

INSULATION'

This standard is issued under the fixed designation C 739; the number immediately following the designation indicates the year of
onginal adoption or, in the case of revision. the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (¢) indicates an editonal change since the last reVISIon or reapproval.

1. Scope

1.1 This specification covers the composition
and physical requirements of chemically treated,
recycled cellulosic fiber (wood-base) loose-fill
type thermal insulation for use in attics or en-
closed spaces in housing, and other framed build-
ings within the ambient temperature range from
~45.6 10 82.2°C (=50 to {80°F) by pncumatic or
pouring application. While products that comply
with this specification may be used in vanous
constructions, they are adaptable primarily, but
not exclusively, 10 wood joist, raffers, and stud
construction.

1.2 The values stated in SI units are to be
regarded as the standard.

5.2 Corrosiveness—The loose Ol nsulation
material shall be tested for corrosiveness as spec-
ified in Section 9. The composition of the insu-
tation material shall be such that afier testing, no
perforation of the 3-mil (76-pm) metal specimens
shall be evident when the specimens are observed
over a 40-W apphance light bulb. Notches ex-
tending into the coupon 3 mm or less from any
cdge shall be ignored.

9. Corrosiveness

9.1 Scope—This test method covers the deter-
mination of the corrosiveness of cellulosic insu-
lation. The cellulosic insulation shall be tested
for corrosiveness using the measured design den-
sity, as determined in Section 8. The pass/fail
criteria is given in 5.2.

9.2 Significance and Use—This test method
provides a basis for estimating the corrosivencss
of cellulosic insulation in contact with steel, cop-
per, and aluminum test materials. The test
method represents one set of exposure conditions
designed to accelerate possible corrosive effects,
and may not simulate exposure conditions ex-
pericnced in actual field applications.

9.3 Apparatus and Muaterials:

9.3.1 Humidity Chamber (Test Method A),
air-circulating, capable of maintaining a temper-
atureof 48.9 4 1.7°C (120 £+ 3°F and 87+ 1.5%
relative humidity throughout the active portion
of the chamber.

9.3.2 QOven (Test Method B), air circulating,
capable of maintaining a temperature of 48.9 +
1.7°C (120 % 3°F) throughout the active portion
of the chamber,

9.3.3 Crystallizing Dishes, six, glass, 90 mm
(3.54 in.) in diameter by 50 mm (1.9 in.) in
height.

9.3.4 Containers, six, glass, polyethylene or
polypropylene, with screw cap or friction top lid
capable of sealing, 127 mm (5 in.) in nominal
diameter and 76 mm (3 in.) in nominal height.

9.3.5 Gloves, clean and in good condition.

9.3.6 Chemicals—Reagent-grade  chemicals
shall be used in all tests. Unless othérwise indi-
cated, 1t is intended that all reagents shall con-
form to the specifications of the Commitice on
Analytical Reagents of the American Chemical
Socicty, where such specifications are available ®

* The precision and bias of the Cyclone-Shaker-Blower test
mecthod is under evaluation by Subcommittes C16.23 and may
in the future inclede an adjusirnent figure or other modifica-
uons.

#“Reagent Chernicals, American Chemical Society Specifi-
cations,” Am. Chemical Soc., Washington, DC. For suggestions
on the testing of reagenis not listed by the American Chemical
Socicty, see “Reagent Chemicals and Standards,” by Joseph
Rosin, D. Van Nostrand Co., Inc., New York, NY, and the
“United States Pharmacopeia.™

9.3.7 Water, distilled or deionized.

9.3.8 Forceps.

9.3.9 Test Coupons:

9.3.9.1 Two, 3003 Bare Aluminum alloy, zero
terper.

9.3.9.2 Two, ASTM B 152, Type ETP, Cabra
No. 110 soft copper.

%.3.9.3 Two, low-carbon, commercial quality,
cold-rolled, less than 0.30 % carbon, shim sicel,

9.3.9.4 Each coupon shall be 50.8 by 50.8 by
0.076 mm (2 by 2 by 0.003 in.) thick, frec of
tears, punctures, or crimps. Six coupons shall be
used for one test of the insulation.

9.4 Sampling—Samples of cellulose insula-
tton used for testing shall be blown, combed. or
otherwise mixed to reasonably assure homoge-
neity of the sample.

9.5 Procedure:

9.5.1 Precleaning Meial Coupons:

9.5.1.1 During fabrication, cleaning, or testing
never touch the metal coupons by ungloved
hands.

9.5.1.2 Handle cleaned coupons with only
clean forceps.

9.5.1.3 In order to avoid cxposing laboratory
personnel to toxic fumes perform all cleaning in
a fume hood.

9.5.1.4 Clean the coupons by vapor degicas-
ing with 1-1-1 Trichloroethane for 10 min. Fol-
lowing vapor degreasing subject the coupons to
caustic or detergent washing, or both, as appro-
priate. Following caustic or dctergent washing.
rinse the coupons in flowing water to remove
residues. Inspect each coupon for a water-bicak
frec surface. (A water-break is a break, scpara-
tion, beading, or retraction of the water film as
the coupon is held vertically after wetting.) As
the coupons are cleancd, the water film should
become gradually thininer at the top and heavier
at the bottom. Hot-air dry the coupons at 105°C
(221°F).



9.5.2 Preparation of Test Samples:

9.5.2.1 Determine the design density of the
sample in accordance with Section 8.

9.5.2.2 For each metal coupon, subdivide a
20-g (0.7-0z) sample of insulation into two 10-g
(0.35-0z) portions. Determine the quantity of
distilled or deionized water 1o be used for each
10-g (0.35-02) portion using the following equa-
tion:

46
— % 75 mL
d

where:
o = design density, kg/m’.
or
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i L
7 X 75m
where:

d = design density, 1b/ft".

9.5.2.3 Presaturate each 10-g (0.35-02) portion
with the determined amount of water. Place one
presaturated 10-g portion into a crystatlizing
dish, tamp level using the hottom of a clean
suitably sized glass beaker. Place a metal coupon
onto the presaturated insulation portion and cen-
ter it i a horizontal plane. Place the other pre-
saturated 10-g portion into the crystailizing dish
on the metal coupon and tamp the composite
specimen (metal coupon and saturated insulation
in the crystallizing dish) to assure an even distri-
bution of this material and 1o assure good contact
of the insulation with the metal. Exercise care in
preparing the composite specimens 1o eliminate
air pockets from forming next to the metal cou-
pons.

9.5.2.4 Do not cover the crystallizing dish.
Care should be taken to avoid evaporation from
the composite during preparation or until it is
placed on the testing chamber.

9.5.3 Sumple Test Cycle—Use cither a hu-
midity chamber (Method A) or an oven (Method
B) to provide for the required temperature and
relative humidity exposure.

9.5.3.1 Test Mcthod A—Test Mcthod A s
given to be consistent with federal standards and
‘Test Method B is given as an alternative since
the 97 + 1.5 is an alternative requirement.

(@) Precondition the humidity chamber to
489 £ 1.7°C (120 = 3°F)and 97 = 1.5 % relative
humidity.

(h) Place all six composite samples in the hu-
midity chamber. Keep the samples in the huoud-
ity chamber 336 + 4 h. During the test cycle,
periodically monitor the temperature and hu-
midety.

(¢) During the test cycle, do not open the
humidity chamber unless it can be determined
that such openings Jdo not adversely affect the
test cycle.

() If drippings of condensate occurs within
the humidity chamber, position guards over the
samples to prevent the condensate from falling
onto the samples.

9.5.3.2 Test Method B:
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(a) Precondition the oven to 48.9 £ 1.7°C (120
+ 3°F).

(h) Place the crystallizing dishes containing
the composite sample i separate 127-mm i 5-in.)
diameter containers.

(¢) Add 70 ml. of distilled water solution plus
25 g (0.88 v7) of potassium sulfate to the annular
space between thie erystallizing dish and the con-
tainer. Use care not to add any of the solution to
the composite sample. If any of the solution is
tnadvertently added 1o the composite sample.
Prepare & new composite,

(e) Loosely place the covers on the containers
and prcheat the containers | h in the oven at
48.9 + 7°C (120 % 3°F). After preheating, scal
the containers by tightening the covers. Keep the
containers in the oven 336 + 4 h. During the test
cycle, periodically monitor the temperature.

(¢) During the test cycle, donot open the oven
unless it can be determined that opening does
not adversely affect the test cycle.

9.5.4 Post-Test Cleaning of the Metal Cou
pons—After completing the test cycle, disassemn-
ble the composite specimens. Thoroughly wash
the metal coupons under running water and
lightly brush them using a soft nylon bristle brush
or cquivalent to remove loose corrosion prod-
ucts. Remove the remaining corrosion products
from the metal coupons by cleaning them as
follows in a fume hood: .

9.5.4.1 Technique No. 1—FElectrolyiic Clean-
g (for copper, steel, and aluminum coupons).
Elcctrolyze the coupons by making a solution
containing 28 mL of sulfuric acid (sp gr 1.84), 2
ml. of urganic inhibitor, for example, about 0.5
g/l of such inhibitors as diorthotolyl thiourea,
quinoline cthiodide, or betanaphthol quinoline,
and 970 mi. water, Maintain the solution at 75°C
(167°F). Use carbon or lcad for the anode and
ong metal coupon for carbon or lead. Electrolyze
for 3 min at a current density of 20 A/dm’.
Caation: It using fead anodes, lead may deposit
on the coupon. If the coupon Is resistant to nitric
acid, remove the lead by a flash dip in a solution
of equal parts nitric acid and water. To avoid
injury when muxing acid and water, for electro-
Ivtic cleaning gradually pour the acid into the
water with continuous stirring, and provide cool-
ing if nccessary.,

9.5.4.2 Technique No. 2—Copper (This tech-
niquc or Technique No. 1 may be used for
postcleaning only the tested copper coupons.
Make a solution contatrung 500 mL of hyvdro-



chloric acid (sp gr 1.19), 100 ml. of sulfuric acid
{sp gr 1.84). and 400 mL of water. To avoid
injury, prepare the solution by slowly adding the
sulfuric acid to the water with continuous stif-
ring. Cool, then add the hydrochloric acid slowly
with continuous stirring. The solution shall be at
room temperature. Dip the coupons in the solt-
tion for 1 to 3 min.

9.5.4.3 Technique No. 3—-Steel (This tech
nique or Technique No. | may be used for
posicleaning only the tested steel coupons. Ust
one of the following two solutions:

(¢) Solution No. 1—Add 100 mL of sulfuric
acid (sp gr 1.84), 1.5 mL organic inhibitor, and
water 10 make a 1-L solution. Maintain the so-
lution at 50 = 2°C (120 %= 35.6°F). Dip the
coupons in this solution.

(h) Solution No. 2 (Clarke’s solution)—-Add
20 g (0.71 oz) of antimony trioxide and 50 g
(1.76 oz) of stannous chloride to 1 L of hydro-
chloric acid (sp gr 1.19). Stir the solution and use
it at room temperature. Dip the coupons for up
to 25 min in this solution stirring the solution at
a rate so that deformation of the coupons does
not occur.

9.5.4.4 Technique No. 4—Aluminum (This
technique or Technique No. | can be used for
postcleaning only the tested aluminum coupons.)
Make a 1-L solution by adding 20 g (0.71 oz) of
chromic acid and 50 mL of phosphoric acid (sp
gr 1.69) to water. Maintain the solution at 80 =
2°C (176 + 35.6°F). Dip the coupons in this for
5 to 10 min. If a film remains, dip the coupons
in nitric acid (sp gr 1.42) for I min. Repeat the
chromic acid dip. If there are no deposits, usc
nitric acid alone.

9.5.5 Inspection—Afier cleaning the metal
coupons, examine the coupons over a 40-W light
bulb for perforations. Ignore notches that extend
tnto the coupon 3 mm (0.04 in.) or less from any
edgc.

9.6 Report—The report shall include the fol-
lowing:

9.6.1 Description of the insulation tested.

9.6.2 ASTM method used.

9.6.3 The absence or pres¢nce of perforations
of or by the metal coupons. Notches extending
into the coupon 3 mm or less from any edge shall
be ignored. The absence or presence or perfora-
tion by type of metal coupon may alsc be re-
ported.

9.7 Precision and Bias—A precision and bias
statement is not applicable to this test method

because the test produces pass/fail results, not
numerical results.
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MINERAL-FIBER BLANKET THERMAL INSULATION FOR
LIGHT FRAME CONSTRUCTION AND MANUFACTURED

HOUSING'

This standard is issued under the fixed desiguation C 665; the number immediately following the designation indicates the ycﬁ'
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reappr®
A superscript epsilon (¢) indicates an editorial change sitce the last revision or reapproval.

Subcommitter (1623 is currently balloting a revision 1o delete “denzsity” from 9.2.1 of this standard because denvity is not genem

required.

i. Scope

1.1 This specification covers the composition

and physical properties of mineral-fiber blanket
insulation used to thermally or acoustically in-
sulate ceilings, floors, and walls in light frame
construction and manufactured housing. The re-
quirements cover fibrous blankets and facings.
Values for water-vapor permeance of facings are
suggested for information that will be helpful to
designers and installers.

1.2 The values stated in inch-pound units are
to be regarded as the standard.

Standard Specification for

MINERAL FIBER LOOSE-FILL THERMAL INSULATION®

This standard is issued under the fixed designation € 764; the number immediately following the designation indicates the year of
original -.ulgpunnpn in |_hc case of revision, the year of ust revision. A number in parentheses indicates the vear of last reapproval.
A superscript epsilon {¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers the composition
and physical properties of nodulated mineral fi-
ber thermal insulation for use in attics or en-
closed spaces in housing and other framed build-
ings.

1.2 The values stated in inch-pound units are
to bhe regarded as the standard.

13.8 Corrosiveness:

13.8.1 Scope—This method provides a quali-
tative measure of the corrosiveness of mincral-
fiber insulation by comparison {o a control.

13.8.2 Summary of Method:

13.8.2.1 Five each of specially cleaned steel,
copper, aluminum, and galvanized stecl test
plates are individually sandwiched between
pieces of insulation. The insulation is uniformly
held against each side of the tesi plate with wire
screens and rubber bands.

13.8.2.2 An cqual number of clecancd mctal
test plates are sandwiched between picces of
washed sterile cotton in an identical manner,

13.8.2.3 The samples are suspended vertically
in a humidity test chamber at Y5 £ 3 % relative
humidity and 120 + 3°F (49 + 2°C) for time
periods determined by the type of metal being
tested. Steel is tested for 96 + 2 h. Copper,
aluminum, and galvanized steel are tested for
720+ 5h.

13.8.2.4 After the appropriate test period, the
test plates exposed to the insulation are comparced
to the control plates exposed to stcrile cotton for
severity of corrosion. The insulation is consid-
ered to have passed this test if the corrosion
attributed to the insulation is not significantly
worse than that of the washed sterile cotton con-
trols. The criterion for acceptance is predeter-
mined through the use of non-parametric statis-
tics and a 90 % confidence level (a = 0.10).

Note 3—A task group of Subcommittee C 16.31 is
developing a more quantitative insulation corrosiveness
test method that when available will be considered for
adoption in this specification.



13.8.3 Significance and Use:

13.8.3.1 The fiber composition and the type
of binder used in the manufacture of mineral
fiber insulation can sometimes create a potential
for corrosion on certain metals 1in the presence
of water or water vapor.

13.8.3.2 This method is used to determine the
relative corrosion potential of mincral fiber in-
sulation on specific metals under high humidity
conditions.

13.8.4 Appuratus

13.8.4.1 Test Plates—The dimensions of all
metal test plates shall be 1 by 4 + % in. (25 by
100 + 6.3 mm):

(a) Steel Plates, shall be 0.02 £ 0.005 in. (0.5
mm + 0.13 mm) thick, bright No. 2 finish, cold-
rolled low-carbon strip steel, quarter hard, tem-
per No. 3.

(by Aluminum Plates, shall be 0.025 + 0.005-
in. (0.6 % 0.13 mm) thick, Type 3003-0.

(¢) Copper Plates, shall be 0.032 + 0.005-in.
(0.8 + 0.13 mm) thick, ASTM B 152 Type ETP,
No. 110 soft copper.

(d) Galvanized Plates, shall be 0.034 + 0.005-
in. (0.9 + 0.13 mm) thick (22 gage), hot-dipped
galvamized sheet steel, ASTM 446 Standard
Grade A or B with a total zinc coating of 9 + |

SWittes, J., and Furk. A, “The Sclection of Judges for Odor
[Drscrimination  Panels,” Correlation of  Subjective-Objective
Methods in the Study of Odors and Faste, ASTAM STP 440).
ASTM, 1968, pp. 49-70.

0z/f12 (2755 + 28 g/m?), with at lcast 40 % of the
total zinc content on cach side.

13.8.4.2 Woven Wire Screen, 1% + Ys by 414
+ Yain. (38 = 6.3 by 114 £ 6.3 mm), made of
Type 304 stainless steel, 0.063 + 0.005-in. (1.60
+ 0.13-mm) wire, 716 £ Yie-in. (11 = |.6-mm)
open-square grid.

13.8.4.3 Rubber Bands, No. 12.

13.8.4.4 [Thumnidity Test Chamber, clean, well
maintained, and capable of controlling temper-
ature at 120 + 3°F (49 = 2°C), und humidity at
95 + 3 % relative humidity.

13.8.5 Test Specimens—Two pieces of the
material to be tested shall comprise one speci-
men. Each piece shall measure 1Yz = Y4 by 412 =
Vain. (38 £ 6.3 by 114 + 6.3 mm) by V2 & Y 1n.
(13 £ 3.2 mm) thick, when compressed agalinst
the metal test plates. As a guideline, cut board
type insulations to a thickness of 2 + V16 in (12.7
+ 1.6 mim). cut blanket type insulations to a
thickness of 1 + Yie 1. (254 + 1.6 mim). For
each type of metal tested, make five specimens
cut of test insulation and five control specimens
out of washed sterilc cotton.
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13.8.6 Procedure:

13.8.6.1 The metal test plates shall be cleaned
untit the surface is free of water breaks. Take care
to avoid excessive handling of the surfaces of the
mictal plates. Do not touch themn at all once
completing the final cleaning step. The use of
plastic surgical gloves or their equivalent are
reccommended to facilnate the handling of the
plates. Specific cleansing instructions for cach
type of metal is as follows:

(a) Steel and Galvanized Steel—FEFirst clean the
test plates by vapor degreasing for 5 min using
[-1-1 trichloroethane or chloroprene. After de-
greasing. wipe the residue from both sides of the
coupons using paper laboratory wipes. Next, im-
merse for 15 min in a hot caustic solution (15 %
potassiumn hydroxide (KOH) by volume), rinse
thoroughly in distilled water, and immediately
dry using paper laboratory wipes.

(M) Copper—Degrease the test plates in the
same manner as the stee! plates, then clean again
in a hot acidic solution (10 % nitric acid by
volume) for 15 min. Then rinse and dry the
copper plates in the same manner as described
in 13.8.6.1 (a).

(¢} Aluminum—Clean the test plates with a
5 % solution of all-purpose laboratory detergent
and water, then rinse in disulled water and dry

with laboratory wipes.

() Wire Screens—The wire screens should
also be cleaned before use in the same manner
as the aluminum plates, that is, washed in deter-
gent, rinsed in distiiled water, and dried.

13.8.6.2 Make five test spccimens, each one
consisting of one piece of metal placed between
two pieces of insulation. Next, compress this
assembly between two picces of woven wire
screen and secure near each end with a No. 12
rubber band or other means to ensure that the
compressed thickness of this assembly measures
1 + %-1n. (25 = 3 mm).

13.8.6.3 Assemble 5 control specimens, each
consisting of one piece of metal placed between
two 12 by 4% by Y-in. (38 by 114 by 13-mm)
pieces of sterile cotton. The sterile cotton shall
have previously been solvent extracted in ACS
reagent grade acetone for 48 h, and then vacuum
dricd at low heat. Identify the outer surface of
the cotton as rolled. After cleaning, place the
outer cotton surface against the metal coupons
in the same manner as the insulation specimen.
Then compress and secure these specimens in
exactly the same manner as the insulation test
specimens using wire screens and No. 12 rubbet
bands or other suitable means to maintain sam-
pie thickness.



13.8.6.4 Vertically suspend the five test spec-
tmens and the five control specimens in an at-
mosphere free of contaminants, having a relative
humidity of 95 + 3 %. and a temperature of 120
+ 3°F (49 £ 2°C) for the specified test period (96
# 2 h for stecel, and 720 = 5 h for copper,
aluminum, and galvanized steel). If possible,
close the humidity chamber for the entire test
period. If the chamber must be opened, take care
to ensure that the relative humidity does not rise
sufficiently high to cause condensation within
the chamber. At the conclusion of the test period.
remove the specimens from the chamber, disas-
scmble and mark them to distinguish individual
plates from each other.

13.8.6.5 Closely cxamine the surfaces of each
of the test and control plate for the following
characteristics:

(¢) Steel—The presence and relative severity
of red rust and pitting. Surface blush should not
be weighed strongly.

(0 Aluminum-—The presence and relative se-
verity of pitting, scaling, or other evidence of
attack. The generation of oxide is a protective

mechanism of aluminum and should be disre-
garded. The oxide can be removed by scrubbing
with a nonabrasive implement of rubber under
running water or immersing into a 70 % solution
of nitric acid.

(¢) Copper—Presence and relative severity of
scaling,-pitting, deposits or encrustation, severe
discolorations, or general uniform attack. Surface
blush and stight discolorations should be ignored
and can be removed by scrubbing with a nona-
brasive implement of rubber under running wa-
ter or immersing into a 10 % solution of sulfuric
acid.

(d) Galvanized Steel—Presence and relative
severity of loss of coating thickness, red rust, or
obvious signs of attack. The plates can be cleaned
by scrubbing with a nonabrasive implement of
rubber under running water.

NOTE 4—Additional guidance for cvaluating the
plates can be found in Practice G 1.
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13.8.7 Interpretation of Results:

13.8.7.1 Because of the subjectivity inherent
in the judging of these plates, nonparametric
statistical methods arc employed to identify those
materials that are conclusively more corrosive
than sterile cotton.

13.8.7.2 The ten metal plates (5 test, 5 con-
trol), should be examined by at least four judges
with experience in corrosion evaluation. Each
judge should independently rank all ten plates in
order from least severe corrosion t0 most scvere
corrosion. The judges should receive no indica-
tion as to which plates are control and which are
test specimens. The judges™ rankings should be
based on their own best estimate of the severity
of the corrosion visible on cach plate.

13.8.7.3 Upon completion of the judges’ rat-
ings, the arithmetic sum of all of the rankings for
each plate shouid be calculated. These sums
should then be ranked from 1 (lowest total) to
10 (highest total), with any ties being assigned
the arithmetic mean of the rankings involved (for
example, 2 plates tied for third = (3 + 4)/2 =
3.5; 3 plates tied for fourth = (4 + 5 + 6)/3 = 5).
The new rankings thus established should then
be totaled for the control plates only; if this sum
is less than 21, then the control plates are judged
to be significantly better than the test plates and
the insulation tested is considered to have fuiled
the test. Any sum of the rankings for the five
control plates = 21 indicates that there is no
statistical difference between the control and test

plates. and the insulation is considered to have
passed.

13.8.8 Precision and Bias—Assuming that
there is no bias involved in the judges’ rankings,
this method will identify those materials that are
significantly worse than sterile cotton with a sta-
tistical confidence of « = 0.10. This means that
a material that is judged to be more corrosive to
a metal than sterile cotton has at most a 10%
chance of being incorrectly fasled. This method
can make no estimate of the probability than an
insulation that is more corrosive than sterile cot-
ton will not be identificd as such.
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APPENDIX II
ESTIMATION OF TEMPERATURE AND VAPOR PRESSURE PROFILES IN TEST WALL

An estimation of the possible temperature and vapor pressure pro-
files through the test wall were calculated using the method described
in the ASHRAE Handbook: Fundamentals, American Society of Heating,
Refrigeration and Airconditioning Engineers, 1977, Chapter 21.

First the temperature profiles were calculated assuming the wall
components form a series of thermal resistances. The temperature at
each interface can be calculated as the temperature drop through each
component is proportional to its resistance., The values for resist-
ances were taken from the above reference and are listed below. Once
the temperature profiles are known, the saturation vapor pressure pro-
files can be calculated or read from psychrometric tables. The actual
vapor pressure profiles were calculated based on inside and outside
vapor pressures and the vapor resistances of each wall component are
used to calculate the pressure drop across each component. These val-
ues were also obtained from the ASHRAE Handbook and are given below.
The calculated profiles are shown in the figure. It can be seen that
the estimated vapor pressure profiles cross the saturation pressure
profile inside the wall cavity for both types of outer sheathing. This
suggests that condensation was possible with both plywood and foil-
faced foam as an outer sheathing under the environmental conditions of
this test,

In order to estimate the moisture accumulation rate, an assumption
was made that condensation occurred at the inside surface of the shea-
thing. The condensation plane estimated above was very close to this
point and the inside sheathing surface would therefore most likely be
the nucleation point for moisture. The vapor pressure profile was
recalculated assuminmg condensation. Assuming only diffusion as the
mode of moisture migration, the rate of moisture transport to the con-
densation plane was calculated as well as that from the condensation
plane to the outside of the wall. From this the accumulation rate was
eatimated. This is given on the figure. It can be seen that accumula-
tion was approximately twice for the half of the wall with the plywood
sheathing compared to that with the foam. Due to the assumpticons used
in the above calculations, the results can only be considered an
approximate guide to the possibilities for condensation.

Handbook Data Used in Calculation [10]

Material Thermal Resistance (R) Vapor Resistance (Rep)
Gypsum (0,5 0.56 0.03

Plywood (0.5") 0.77 2.80

Al-foil Faced DcM 3.25 20.00
Insulation 11.00 0.03

nits -1

R = foot? « °F « hour « Btu ~.

i

Rep inch Hg » foot? » hour - graiﬁ
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APPENDIX IIX
DATA FROM ELECTRICAL~RESISTANCE PROBES (CORROSOMETER)

The following three pages of graphs show the output of the elec—
trical resistance probe monitoring device. This device uses a bridge
circuit to record the difference in electrical resistance between two
identical metal films. One is exposed to the environment, the other is
protected. As corrosion of the exposed element occurs, its thickness
will be reduced and its resistance will increase compared to the pro-
tected element. From the change Iin resistance one can calculate a
corrosion rate if loss of metal is assumed to be uniform over the
exposed metal surface. The corrosion rate will be proportional to the
slope of the output from the bridge circuit versus time. In the data
shown, there are sharp fluctuations from one reading to the next pri-
marily due to experimental error in obtaining a reading from the
measuring device. If one examines the average slope from start to
finish of the test period, one observes no significant increase in
slope except for the steel probe in Cellulose 2 in the cell having the
plywood sheathing. This probe showed a small increase in resistance
over the test period. On examination very little corrosion of the
surface was observed. The legend for the curves shows the type of
insulation - C representing cellulose, G representing glass fiber and
Rwool representing rockwool. Also given is the sheathing type either
Wood (plywood) or Foam (foil-faced polyisocyanurate).
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