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Introduction and Background 
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The use of recycled newsprint to produce thermal insulation for use in residences and 
commercial buildings dates back more than half a century, to perhaps as early as 1925 (1). A 
standard specification for loose-fill cellulosic insulation was first published by the American 
Society for Testing and Materials (ASTM) in 1973 (2) and the National Cellulose Insulation 
Manufacturers Association published a standard that same year (3). Tye (4) observed "A growing 
interest in cellulosic material manufactured from recycled newsprint into a thermal insulation" in 
1974. Tye's 1974 paper included measured values for the apparent thermal conductivities of 
cellulosic insulations at temperatures from 0 to 90°F and densities from 1.5 to 10 lb/ft3. In 1978, 
the United States Consumer Product Safety Commission (CPSC) issued an interim product safety 
standard for cellulose (5). The CPSC issued a second interim standard in 1979, HH-I-515d, that 
remains in effect today (6). The 1970's saw the publication of physical property data for cellulosic 
insulations &om the National Research Council of Canada (7,8), and a study of cellulosic 
insulations produced in the United States (9). 

The data base that was established in the 70's and 80's included thermal properties, settled 
density data, and flammability test results. The 1982 report by Yarbrough et a1 (9) identified nine 
chemicals being used as fire retardants in the 5 1 commercial products that were tested. The 
cellulosic insulations manufactured during this period did not fare well on the fire-safety tests 
required by the CPSC with over one half failing either the smolder combustion test or having a 
critical radiant flux less than that required. The fire retardant compounds commonly used were 
found to be boric acid, sodium tetraborate (borax), ammonium sulfate, and ammonium 
dihydrogen phosphate. These chemicals continue to be used as fire retardants in cellulosic 
insulation. Day et al(l0) published an important study on smoldering combustion in 1980 that 
evaluated the commonly used fire retardant chemicals and suggested the amount of fire retardant 
needed to provide resistance to smolder combustion. The long-term presence of fire-retardant 
chemicals (chemical permanency) was questioned in the late 70's and early 80's and research was 
initiated to resolve the controversy. Chiou and Yarbrough (1 1) reviewed the published 
information on chemical fire retardants and concluded that there was little published that indicated 
a lack of permanency. Chiou and Yarbrough (12) latei published the results of a laboratory study 
of the rate of boric acid and borax sublimation and concluded that sublimation rates were too 
small to be of concern. Ferm and Shen (13) reported the results of an eight-year- long field study 
to determine the permanency of boric acid and borax ixcellulosic insulation installed in residential 
attics. The results of the study were mixed with some indication that boric acid was being lost 
from one set of specimens but not from another, but a mechanism for chemical loss, if any, was 
not evident. There was no indication of loss of borax from the installed insulation in this field 
study. The permanency of the fire retardant chemicals used in cellulose continues to be debated. 
Reviews of the available information on chemical permanency have been recently presented 
(14,lS). 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or service by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mend.otion, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 



Production of Cellulosic Insulation 

. 

Cellulosic insulation is primarily manufactured from recycled newsprint and cardboard. 
About 3% of the 13 million tons of newsprint annually consumed in the United States is being 
recycled to produce about 500,000 tons of cellulosic insulation (16). Cellulose insulation as a 
product is about 80 wt.% cellulosic fiber and 20 wt.% chemicals most of which are fire retardants. 

quantities of waste paper (wastepaper handling), chopping and shredding (size reduction), milling 
or fiberizing (fiberizer), chemical addition, and packaging. Since the processing of paper and the 
addition of dry fire retardant in powder form can result in a significant amount of dust , a dust 
collection system is part of the modem cellulose plant. Figure 1 shows the flow of material 
through a manufacturing plant in a block diagram (1 7). . The milling or fiberizing process has 
evolved in recent years from hammer mills that were used in the 70's and 80's to push recycle 
newsprint through quarter-inch screens to fiberizers that produce a relatively low-density find 
product. Figure 2 shows the flow of paper and chemical through a fiberizer plant (18). 

fiberizing stage. This provides for mixing of the paper and the dry chemical additives. In some 
cases fire retardants are added in the form of aqueous solutions. The use of liquid fire retardants 
then requires the introduction of a drying step before the insulation is packaged for shipment. 

Quality control in a cellulose plant focuses on assuring that adequate fire retardant 
chemical is being added to the product. This is commonly done by measuring the critical radiant 
flux with a small-scale electrical panel and performing a smolder combustion test. These tests 
measure performance characteristics required by the CPSC. The manufacturer commonly 
measures the settled density of insulation product using the blower-cyclone-shaker (BCS) test 
specified by the CPSC and ASTM C 739. The combustion tests assure that the proper amount of 
fire retardant is being added, and the BCS test is a check on the consistency of the milling or 
fiberizer operation. 

U.S. Federal Trade Commission "Rule 460" (19). The FTC Rule addresses the way thermal 
resistance is to be measured and listed on product labels of all insulations used in residential 
applications. The CPSC requires a specific warning concerning the use of cellulose in contact 
with recessed light fixtures or other potentially hot surfaces. 

A typical cellulose manufacturing plant includes facilities for storing and moving large 

Chemical fire retardants are commonly metered into the paper stream before the milling or 

Insulations intended for use in residential applications are labeled in accordance with the 

Use of Cellulosic Insulation 

Cellulosic insulation is commonly used in several. forms: pneumatically-blown loose-fill 
used to insulate attics, loose-fill sprayed into wall cavities with a small amount of water, dry- 
dense wall-cavity insulation, and wet-spray insulation used on walls and ceilings of commercial 
buildings. The products used as attic insulation include conventional dry loose-fill insulations and 
insulations that contain adhesives to reduce settling and produce a "stabilized" product. The 
stabilized products are installed with water to "activate" the adhesive or a water solution 
containing the adhesive. The cellulosic insulation installed in walls is often loose-fill that contains 
a water-based adhesive to mechanically stabilize the product in the wall and prevent settling. 
Loose-fill cellulose can also be installed in wall cavities without adhesive at relatively high 
densities, usually above 3 lb/ft3, without settling. Cellulosic insulation installed in wall cavities 
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must be allowed to dry before the cavities are closed. The commercial wet-spray products contain 
significant levels of adhesive since they are self-supporting. These self-supporting systems are 
usually installed with 50 to100 wt.% (add-on) water to assure good bonding between the 
particles. The self-supported wet-spray insulations typically have dry-densities above 3 lb/ft3. 
Cellulosic insulation is commonly used to insulate the>roof-cavities of manufactured home, and it 
was this application that led to the concept of stabilized products (20). 

The U.S. Department of Energy Insulation Fact Sheet (21) contains a table of insulation 
thicknesses needed to obtain selected R-values. This R-value table is reproduced as Figure 3 in 
this paper to indicate how cellulose compared with other insulation products in 1988. The DOE 
Insulation Fact Sheet is currently being updated. The cellulose thicknesses shown in Figure 3 are 
installed thicknesses. The cellulose products produced in the 80's settled,i.e. decreased in 
thickness, after installation in attics. The labeling of loose-fill cellulosic insulations takes this into 
account as does the Insulation Fact Sheet. The entries in Figure 3 shows cellulose to have 
thermal resistivity comparable to or better than competing loose-fill products. 

Thermal Resistance of Cellulosic Insulation 

The apparent thermal conductivity, k,, of cellulosic insulation produced fiom recycle 
paper is usually measured by a heat-flow-meter apparatus operated in accordance with ASTM C 
5 18 (22). The measured k, for a specific specimen of insulation depends on temperature and 
density. The temperature dependence is linear over the limited temperature range of interest in 
buildings and the density dependence can be corre1ated"using Equation 1. Insulation products are 
labeled for R-value at 75 "F in the United States. The thermal resistivity , R* ( R-value per inch of 
thickness ), can be calculated from k, using Equation 2 provided that the k, data were obtained 
with specimens that equal or exceed a representative thickness for testing (8, 19). Generalized 
correlations for the k, of loose-fill cellulose at 75°F have been published for products at densities 
above 2.0 Ib/ft3 and for lower densities (23,24). The cellulosic loose-fills produced with hammer- 
mills tend to have settled densities in the range 2.0 to 3.0 Ib/fi3 while insulations produced with 
fiberizers commonly have settled densities as measured by the blower-cyclone-shaker test (25) in 
the density range 1.5 to 2.0 Ib/ft3. Equations 4 and 5 give k, at 75°F as a function of density and 
Table 1 contains a few R* values calculated using Equations 4 and 5 for loose-fill insulations and 
Equation 6 for spray-applied products (26). 

k, =a+bap+c /p  (1) 

R*= l / k ,  (2) 

R = taR* (3) 

k, = 0.2656+0.004940q1 p L 2.0, T = 75°F (4) 

k, = 0.13 87+0.03 53 l*p+0.125 Up (5) 

k, = 0.2303+0.0118O~p+O.O636/p 3.0 s p 5 10.0, T = 75°F (6) 

1.5 5 p s 2.0, T = 75°F 



The constants a, b, and c in Equation 1 are determined from experimental k, data using the 
Method of Least Squares (27). The units for the variables in the equations are shown in a Table 
of Nomenclature at the end of the paper. Spray-applied insulations tend to have thermal 
resistivities that are less than the corresponding loose-fill products (28). This could be due to 
increased solid-phase conduction related to increased particle-particle contacts due to the 
adhesive. An analysis of available thermal data for spray-applied cellulosic insulation was 
presented by Yarbrough et a1 in 1990 (29). 

product label information must be backed by laboratory data obtained specifically for the 
insulation. The table shows, however, the R* that can be anticipated at the densities shown. The 
variation of R* with temperature is shown in Figure 4 for loose-fill cellulosic insulation and two 
loose-fill fiberglass products. These data were obtained using a heat-flow- meter apparatus 
operated in accordance with ASTM C 5 18 (22). The variation of R* with temperature is different 
for different types of loose-fill insulations very likely because of different levels of radiative 
transport. Cellulosic insulation thermal resistivities tend to vary less with temperature than the 
fiberglass products tested. The R* shown in Figure 4 include conductive and radiative 
contributions, but no convective effects. The C 5 18 test as applied to the specimens tested did 
not include convective contributions. 

Cellulosic insulations produced from recycled newsprint and other paper products have 
thermal resistivities that are comparable with other loose-fill insulations that are on the market. 
The loose-fill and stabilized products can be used to meet recommended insulation levels in walls 
and attics using a material that is approximately 80 wt.% by weight recycled solid. 

The R*s in Table 1 are not intended to represent any particular product since specific 

Performance of Installed Insulation 

The performance of an installed insulation is often related to factors other than the 
material R-value that is measured in a laboratory. Measurements of material R-values are done 
under conditions that do not involve free convection. Low-density loose-fill insulation, however, 
can exhibit free convection under some conditions. This most commonly occurs in horizontally- 
applied attic insulation in the Winter when the heat-flow direction is upward and the temperature 
difference across the insulation is large. Increased heat flow across horizontal loose-fill insulation 
has been reported by Wilkes and Rucker (30) and later confirmed by Wilkes et a1 (3 1). Natural or 
free convection across a layer of insulation increases the heat flow and has the effect of increasing 
k, and reducing the thermal resistance. 

Convective heat transfer across a porous insulation material has been discussed in detail by 
Nield and Bejan (32). The onset of natural convection across loose-fill insulation is related to the 
air flow resistance offered by the insulation fibers. The. flow resistance can be measured to 
determine a material property , air-flow permeability, that is important in the discussion of 
convection. The lower the air-flow permeability the greater the resistance to free convection. A 
low value for air permeability means that a large temperature difference across a layer of 
insulation will be required to initiate natural convection.. Air permeabilities at 77°F reported by 
Yarbrough and Wudhapitak (33) for loose-fill cellulosic insulations at densities above 2.0 lb/ft3 
were about a factor of ten less than those of loose-fill fiberglass at densities below 1 .O Ib/ft3. This 
suggests that the temperature differences required to initiate free convection across horizontally 
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positioned loose-fill cellulose at the densities quoted above are about 10 times those required to 
initiate free convection across low-density loose-fill fiberglass insulation. Wilkes and Childs have 
demonstrated experimentally that one loose-fill cellulosic insulation did not exhibit the increased 
heat flow characteristic of natural convection at temperatiire differciices up to 70°F. The density 
of the cellulosic insulation varied from 1.9 to 2.1 Ib/ft3 during the course of the measurements. 
The heat flow across loose-fill fiberglass installed at 0.56 Ib/ft3 exhibited onset of natural 
convection at temperature differences of about 35°F. The increased heat flow across the loose- 
fill fiberglass can be interpreted as a loss in thermal resistance that was in the range 35 to 50 % for 
temperature differences in the range 60 to 70°F. 

effect on the rate of air flow through the cavity. The increase in heat transfer due to forced 
convection through wall-cavity insulation, however, has not been quantitatively evaluated. 
Reductions in water movement into a wall cavity that result from reduced air movement are a 
possible secondary benefit of insulations with high air-flow resistance. High-density cellulosic 
insulation used in walls, however, has not yet been shown to be an air-infiltration barrier or a 
substitute for a water-vapor retarder. A positive benefit results from the fact that properly 
installed cellulosic insulation fills the cavity even when the dimensions are irregular. 

The relatively high air-flow resistance of high-density cellulose used in walls can have an 

Economic Considerations 

The installed cost of cellulosic insulations in residential applications tends to be slightly 
higher than competitive insulations across the United States (34). A national survey currently in 
progress indicates that the cost of installed cellulosic insulations differs from the cost of installed 
loose-fill fiberglass insulation by -4 to 17% for new construction (average 6% ) and 1 to 20% for 
retrofit applications (average 10%). These figures are for insulation installed in residential attics. 
The savings associated with reduced convection across wall cavities insulated with cellulose, if 
any, have not been determined. An analysis of the savings to be expected in a severe northern 
climate (ND) due to eliminating natural convection in attic insulations yielded $14 per year for 
1000 A' of attic floor insulated to a nominal R 38 level. The savings were greater for lower 
insulation R values (3 1). 

Summary 

Cellulosic insulation produced from recycled newsprint and cardboard has been 
demonstrated to be an effective thermal insulation for use in building envelopes. The thermal 
resistivities that are achieved with current cellulosic products meet or exceed those achieved by 
other loose-fill products at the densities they are usually used. Cellulosic loose-fill insulation has a 
higher resistance to free convection than the mineral fiber loose-fill insulations currently in use. 

Cellulosic insulations are treated with chemical fire retardants to meet the requirements of 
the CPSC. These insulations are tested and labeled in accordance with FTC rules as are all 
insulations used in the residential sector. The cellulose industry is a mature industry that has a 
small fraction of the US building insulation market. The products of the cellulose insulation 

industry contribute to energy conservation in buildings and reduce the solid-waste stream. 



Acknowledpements 

Mark Leuthold of Advanced Fiber Technology provided .he process flow diagrams for a 
cellulose manufacturing facility, Dan Lea of the Cellulose Insulation Manufacturers Association 
provided information about national production rates, and Therese Stovall of the Oak Ridge 
National Laboratory shared insulation cost-survey results. The paper was reviewed by Therese 
Stovall and Andre Desjarlais of the Oak Ridge National Laboratory. The authors very much 
appreciate the input from all of the above individuals. Support for the preparation of the paper 
was provided by the U.S. Department of Energy, Ofice of Buildings Energy Research, under 
contract number DE-AC05-960RR22464 with the Oak Ridge National Laboratory, managed by 
Lockheed Martin Energy Research Corporation. 

Table of Nomenclature 

k, apparent thermal conductivity Btu'*in./f12e he  O F  

R thermal resistance 

R* thermal resistivity 

t thickness inches 

P density 1b/ft3 

. 
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Table 1. R* at 75°F for Cellulosic Insulation C;ilculated from EqlIiltions 4, 5, and 6 

1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.5 
4.0 

R* ( ft2.h* "F/Btu.in) 

3.64 (3.6) 
3.66 (3.7) 
3.67 (3.7) 
3.68 (3.7) 
3.68 (3.7) 
3.63 (3.6) 
3.62 (3.6) 
3.60 (3.6) 
3.59 (3.6) 
3.58 (3.6) 
3.57 (3.6) 

3.41 (3.4) 
3.45 (3.5) 

Equation 

5 
5 
5 
5 
5 
4 
4 
4 
4 
4 
6 
6 
6 



Figure Captions 

Figure 1. 

Figure 2. 

Block Diagram for a System to Manufacture 
from Recycle Paper 

Cellulosic Insulation 

Detailed Flow Process for the Manufacture of Cellulosic Insulation 
Using a Fiberizer 

Figure 3 ,  Thermal Resistance Values from the DOE Insulation Fact Sheet 

Figure 4. The Variation of Thermal Resistance with Temperature for Three 
Loose-Fill Insulations 
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Thickness in Inches for Insulations to Obtain R-values . 

Perlite or Mineral Fiber 
R-value Blanket or Batts Loose and Blown Fill Vermiculite 

Inches 
Fiberglass Rock Wool Cellulosic' 

Fiber 

, 
R-1 1 3 114 - 3 314 4-5 114 3 112 3 314' 3-414- 

\ 

R-19 5 314 - 6 114 7 - 8 314 6 114 6 112 5 1n - 7 314 
R-30 9 - 9 1/2 11 - 14 9 314 10 112 8 112 - 12 1/4 
R-38 11 112 - 12 14 - 17 314 12 114 13 10 1/2 - 15 1/2 

R-49 15 - 15 112 18 - 23 16 17 13 314 - 20 
~~~ ~ ~ ~~ 

'These are initial thicknesses to allow for a nominal 20% thickness decrease after installation. 

Figure 3 
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