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ABSTRACT 
 

The novel concept of building environmentally friendly, recyclable paperless byproduct 
structural (RPBS) wallboard composites from flue gas desulfurization (FGD) scrubber 
sludge has shown great promise during the last two years of an ICCI sponsored project.  
Our newly-developed paperless wallboard materials are much stronger than high quality, 
commercial papered wallboard materials that we tested in our laboratory.  This year we 
upscaled our product to 2 feet by 2 feet size and evaluated how water-to-sludge, types of 
natural fibers, concentration of natural fibers, types of natural proteins, concentration of 
natural proteins, temperature, and mixing procedures affected the workability and the 
strength of our paperless wallboard materials.  Calling upon these outcomes, we 
established the procedure for fabricating 2 feet by 2 feet samples with repeated 
consistency.  We also probed whether the variability in the scrubber sludge obtained from 
City Water Light & Power (CWLP) plant would affect the performance of our 
composites.  Spectroscopic and mechanical tests established that there was no statistically 
significant difference in the end wallboard product even though microscopic data 
suggested some sludges had more soot particles than others.  Buoyed by our success to 
make materials of 2 feet by 2 feet size, we designed and developed 2 feet by 4 feet molds.  
We have now successfully established that it is feasible to upscale our product to 2 feet 
by 4 feet size.  Moreover, we established that our product could be directly painted and 
mounted on existing studs in the market.  
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EXECUTIVE SUMMARY 
 

The overall goals for our project are to: 
1. design, develop, and generate technology which converts CWLP’s sulfate-rich 

scrubber sludge into recyclable paperless wallboard materials.  These materials 
are to withstand the variabilities in the chemical and physical composition of 
scrubber sludge streams, 

2. mature the recyclable paperless byproduct structural (RPBS) wallboard composite 
fabrication technology into a demonstrative phase, followed by commercialization 
of these composites. 

 
More specifically, during the 2000-2001 year we had the following objectives in the 
pursuit of the aforementioned goals of building structural materials: 

• To design and fabricate a 24” x 24” x 0.1-0.2” molding die for the formation 
of RPBS wallboard materials. 

• To enhance the mechanical strength of our RPBS structural material by 
systematically changing water-to-scrubber sludge (w/s) ratio, formation 
temperature, and concentration of additives.  

• To undertake systematic measurements to evaluate how variations in as-
received CWLP sulfate-rich scrubber sludge affect the performance of our 
RPBS composites. 

• To fabricate a 24” x 48” x 0.2” die for the formation of paperless wallboards. 
• To attempt to design and fabricate 24” x 48” sized paperless wallboard 

materials from CWLP sulfate-rich scrubber sludge. 
 
To accomplish these objectives, five tasks were proposed: 
 
TASK 1:  to enhance strength and workability of RPBS composites formed using
 24” x 24” x 2” molding die. 
 
TASK 2: to carry out comparative evaluation of commercial wallboards and RPBS 

wallboards. 
 
TASK 3: to probe how the variations in CWLP’s as-received sulfate scrubber sludge 

affect the mechanical performance of RPBS materials. 
 
TASK 4: to design and develop a 24” x 48” x 0.2” die and to attempt to fabricate
 24” x 48” sized paperless wallboard materials. 
 
TASK 5:  to undertake economic and market analyses. 
 
Introduction: About 22 million tons of FGD scrubber sludge are currently produced in 
the U.S. every year.  Most of it is disposed in the landfills near power plants.  In Illinois, 
Indiana, and Western Kentucky 6 million tons of wet scrubber sludge are currently 
produced.  About 7,000 MW of additional capacity is expected to be wet scrubbed in the 



near future in response to the Clean Air Act Amendments of 1990; and this will further 
increase the amount of wet scrubber sludge produced annually.  At present only about 
five percent (5%) of wet scrubber sludge is utilized nationally.  Most of the FGD 
scrubber sludge, which had found some use in Portland cement, agriculture, and plaster, 
is sulfate-rich sludge.  The wallboard industry is reluctant to use FGD by-product 
gypsum because of the impurities, both organic and inorganic, and variations in the 
product from batch to batch.  However, for sulfite-rich scrubber sludge the utilization is 
much bleaker even though some use as structural fill and as aggregates has been 
suggested.  Therefore, new additional utilization strategies must be developed to 
effectively utilize FGD wet scrubber sludge.  
 
Brief Summary of Experiments Undertaken:  In pursuit of our goal to develop 
technologies which convert sulfate-rich scrubber sludge into paperless structural 
materials, we undertook both fundamental and applied studies during this year.  
Specifically, the following experiments were undertaken: 

• Designed and built 2 feet by 2 feet molds to fabricate paperless wallboard 
materials.  Our molds could be quickly disassembled and were easy to maintain 
and clean. 

• Used 2 feet by 2 feet molds to prepare a number of samples from sulfate-rich 
scrubber sludge.  We systematically varied the following parameters: 

1. water-to-sludge ratio, 
2. types of natural fibers, 
3. concentration of natural fibers and their layout, 
4. types of natural protein additive, 
5. concentration of natural protein additive, 
6. the mode of mixing, the sequence of additives addition, and length of 

mixing, 
7. the formation temperature (with and without natural additives). 

• The paperless wallboards fabricated above were subjected to SEM and FTIR 
measurements to monitor the various phases in our composites.  In addition, the 
effects of various variables were evaluated by conducting systematic mechanical 
tests. 

• The strength of our material was compared with commercially bought, high 
quality papered wallboard materials. 

• The effect of variation in the batch-to-batch sludge produced by the CWLP power 
plant was evaluated in terms of workability of the sludge and the ultimate strength 
developed for the product. 

• Buoyed by our success to build 2 feet by 2 feet wallboard products, we designed 
and built a 2 feet by 4 feet molding die.  Using this molding die, we successfully 
upscaled our product to 2 feet by 4 feet size.  

 
Summary of Outcomes : Specifically the following was concluded: 

1. The water-to-sludge ratio had a profound affect on both the flexural strength and 
the density of the wallboard material.  In fact, as the water-to-sludge ratio 
increased the strength of the material decreased.  On the other hand, the higher 



water-to-sludge ratio decreased the density of the wallboard.  Therefore, by 
adjusting the water-to-sludge ratio the material’s performance could be 
controlled. 

2. Four different types of natural fibers were evaluated for our paperless wallboard 
materials.  Our results showed that the combination of two natural fibers gave the 
best performance for our wallboards.  Our results also showed that by adding 4 wt 
% of the natural fiber in our product we could further control the density and 
thermal conductivity of our paperless wallboard materials. 

3. Four types of natural proteins and/or polymers were used as additives to enhance 
the cross-linking between the sludge crystallites.  The concentration of the natural 
products in our material was limited to less than 7 wt %.  Our mechanical strength 
measurements suggested that temperature could further enhance mechanical 
strength of our product.  More importantly, the incorporation of these natural 
additives allowed our materials to be directly painted, directly nailed to the 
commercial studs, and allowed our product to be sawed using ordinary saws. 

4. From the comparative evaluation of our paperless wallboard with high 
performance commercial wallboard, it appeared that our material was much 
stronger than the commercial wallboard.  For commercial wallboard, the strength 
came from paper; if the paper was stripped, then commercial boards’ flexural 
strength was < 1 MPa.  However, as could be seen in Figure 1, our material had 
much higher modulus of rapture than the commercial wallboard.  The density of 
our paperless wallboard is still a bit higher with respect to regular wallboard, i.e., 
less than 900 kg/m3.  Efforts are underway to further reduce the density. 
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Figure 1.  Comparative evaluation of our paperless wallboard materials and 

commercial papered wallboard material. 
 
5. Our FTIR characterization result suggested that batch-to-batch variation in the 

scrubber sludge obtained from CWLP power plant was negligible on the 
manufacturing of the wallboards.  The strength measurements on paperless 



wallboards made from different batches of the sludge obtained indicated that there 
was no statistically significant difference in the strength of the materials.  
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