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I. Objectives 

This proposal is a discovery research program for utilizing polycarbohydrate waste 
materials and byproducts of North American industries for producing different kinds of 
carboxymethylcellulose (sodium carboximethylcellulose) for use as a binding agent. The 
unique idea includes processing CMC formation from the initial cellulose or hemi
cellulose raw materials, straight through to the application. This can sufficiently decrease 
the costs of CMC materials from one side, and optimize the necessary properties of 
CMC products for a particular application. This research will be based on the following 
high volume hemicellulose and cellulose materials: 

1) paper mill sludge (PMS, byproduct of paper mill plants); 
2) waste wood molasses (WWM, byproduct from the industry of hardboards); 
3) sawdust and wood flour (SWF). 

The hemicellulose and cellulose structure of these materials unites them in one common 
group of polycarbohydrates, which may be modified chemically by similar process of 
carboxymethylation. The final water soluble polymeric materials are named as sodium 
(or potassium) carboxymethylcellulose (CMC). These materials have been known to find 
applications in the binding of coal, iron ore, and magnetic taconite concentrates and for 
use as surfactants in flotation processes in the mining industry. 

As bentonite supplies dwindle and quality decreases, binder technology advances and 
waste products become more readily available to replace them as palletizing additives. 
A successful application of an alternative iron ore pelletizing binder has the potential to 
improve pellet quality and reduce costs. The use of organic binders in mineral ore 
pelletizing operations is desirable over the use of bentonite because organic binders do 
not increase the silica content and they improve the reducibility of the pellets. Organic 
binders that have proven useful as iron ore palletizing binders include poly(acrylamide), 
polymethacrylamide, carboxymethylcel/ulose, hydroxyethylcellulose, 
carboxyhydroxyethylcellulose, poly(ethylene oxide), guar gum, and others. 

Paper mill sludge is the most prospective starting material because will provide the high 
molecular weight CMC product, as well as high purity CMC product. PMS is a high 
volume cellulose material, which is a well known byproduct of all paper mill plants. The 
average paper mill plant in Minnesota produces near 50 metric tons of paper mill sludge 
per day, which means near 10,000 metric tons annually of dry cellulose material. Nearly 
10,000 metric tons of this material may be used for CMC manufacturing annually. 
Cellulose as starting material for CMC product is different for molasses. The molecular 
weight of polymeric material from paper mill sludge will be 10-20 times higher than CMC 
from hemicelluloses. This difference will allow us to bring to the U.S. market different 
types of CMC (low, average and high molecular weight polymers). The cost of paper mill 
sludge is equal shipping cost. 

Sawdust and wood flour (SWF) materials are probably the highest volume byproducts in 
the northern United States. Rough calculations give the amount of this material near 
5,000,000 metric tons annually. The cost of this byproduct is also equal to shipping cost. 
The same as paper mill sludge, sawdust and wood flour carboxymethylation will give a 
high molecular weight CMC product. 



II. Methods and Materials. 

A. Experiment and Samples Processing Logistics 

In an effort to determine the efficacy of hemicellulose as a binder, binder additive, or 
binder adjunct, the Laboratory of Chemical Extractives (LCE) sought to combine known 
methods and materials with other materials. 

Tests started with solutions of water and poly vinyl chloride (PVC), poly vinyl alcohol 
(PVA), and poly vinyl acetate. These compounds were mixed either with water or a 
water and HCI solution. 

These solutions were generated at NRRI-Duluth and were forwarded to NRRI-Coleraine 
for batch balling tests. The results of these tests helped us to determine that these 
compounds did not significantly change the "green ball" characteristics. 

It was also suggested that regional clays - aside from Bentonite - might have some of 
the desirable properties as binders. "Cook" clays and "Kittson" clays were added to dry 
concentrate at NRRI-Duluth and forwarded to NRRI-Coleraine. Again, the regional clays 
did not display any characteristic that could be considered significant. 

Then, as a matter of efficiency, NRRI-Duluth (LCE) designed and constructed its own 
pellet-mill (see Figure 1) to the same parameters and specifications as the pellet-mill 
used at NRRI-Coleraine. This was done since it was felt that much of the time was 
being taken up by the transferring of samples from Duluth to Coleraine could be better 
spent in research and optimization. Furthermore, the laboratory conditions at NRRI
Duluth allowed for the safe use of compounds and components that might otherwise 
require greater ventilation and respirator considerations than NRRI-Coleraine is used to. 

Figure 1. Pellet-mill constructed for pre-optimization at NRRI-Duluth 



B. Binders and Binder Additive Exploration 

With the understanding that Bentonite is still the primary binding agent being use, it was 
important to understand specifically why bentonite is able to manifest these 
characteristics. 

The expansion of the clay minerals in bentonite when they come in contact with 
water has three effects that are of interest in pelletization. The following four 
characteristics come from the report "A Review of Binders in Iron Ore Pelletization" 
written by T. C. Eisele and S. K. Kawatra, conducted by the Department of Chemical 
Engineering at Michigan Technical University, Houghton, Michigan: 

1. First, it absorbs water, which can be valuable for controlling the moisture content of the 
finished pellets. It also increases the viscosity of the fluid between the mineral grains in the 
pellet, leading to a well rounded, plastic pellet that can be conveniently handled for sizing and 
transport in the plant. 

2. Second, the expanded clay is very easily spread through the iron ore upon mixing. During 
drying, the clay bonds to the mineral grains and to each other, giving excellent dry strength to 
the pellet. This is one of the most important functions of a pellet binder because in the 
absence of a binder, the pellet will disintegrate after it is dried. 

3. During sintering to produce finished high-strength pellets, the sodium and calcium 
components of the bentonite act as fluxing agents, reducing the melting point of some of the 
minerals in the pellet. This allows a portion of the pellet to melt before the sintering 
temperature is reached. This helps to strengthen the pellets during the preheating stage, 
allowing dusting and breakage to be minimized during transfer to the final firing step. 

4. The traditional view of the behavior of clay as a binder is that the expanded clay disaggregates 
into submicron platelets, which then attach to the iron ore particles and to each other as they 
dry. One of the features of clay minerals that help in this regard is that the edges of the 
platelets tend to have an electrostatic charge of the opposite sign from the faces of the 
platelets. This causes the clay platelets to bond to each other quite strongly by electrostatic 
bonding as the slurry dries. 

"A Review of Binders in Iron Ore Pelletization." 
written by T. C. Eisele and S. K. Kawatra 

The first two of these characteristics are what this project have been most interested in 
since the binders and binder agents are seeking to improve the "green ball" 
characteristics, or the characteristics a taconite pellet possess prior to firing and 
finishing. 

After developing a pellet generating procedure similar to Coleraine and using a 
published procedure to more fully refine it, NRRI-Duluth was able to use a battery of 
additional compounds, as well as the previously mentioned compounds (Table 2). 



r-, 

Table 1. Compounds and C omponents use at - u u d NRRI D I th 
In Use Experimented 

with previously 
Peridur(s) X 
Bentonite X 
Kittson Clay X 
Broich Clay (Fe stained) X 
Poly (vinyl alcohol) X 
Poly (vinyl acetate) X 
Poly (vinyl chloride) X 
HumicAcid X 
Calcium Lignosulfate X 
Hartex (latex) No 

NRRI (heavy), a high moh3cular weight polymer No 

NRRI (light), a low molecular weight polymer No 

NRRI (heavy), a high molecular weight polymer - No 
Carboxylate 
NRRI (light), a low molecular weight polymer - No 
Carboxylate 
Solid Epoxy Resins No 

These compounds were used at varying concentrations and various moisture levels. 
The results for these compounds - used individually - didn't display any single 
characteristic that was significant enough to warrant further investigation. 

The following table (Table 2) is representative of the samples that were generated at 
NRRI-Duluth and finished at NRRI-Coleraine or at NRRI-Duluth. 

Many of these samples were developed in an effort to determined the potential efficacy 
of materials that the Laboratory of Chemical Extractives has been using since its 
creation. It was also done to allow the LCE to become more famil iar with the mechanical 
and chemical principals of taconite binders and binder additives. 



T able 2 S amp1es wit h ., bf ava, a e resu ts 
Wet Wet Dry Moisture 
Drop Comp Como % 

COL-JL-1 mof asses/Kittson/Broich <3 <3 <3 -

COL-JL-2 
outer birch <3 <3 <3 
bark(OBB)/Kittson/Broich 

-

COL-JL-3 DOGS/Kittson/Broich <3 <3 <3 -
COL-JL-4 mof asses/Kittson <3 <3 <3 -
COL-JL-5 OBS/Kittson <3 <3 <3 -
COL-JL-6 DD GS/Kittson <3 <3 <3 -
COL-JL-7 molasses/Broich (Fe stained) <3 <3 <3 -
COL-JL-8 OBS/Broich (Fe stained) <3 <3 <3 -
COL-JL-9 DOGS/Broich (Fe stained) <3 <3 <3 -
COL-JL-10 birch tannin/Kittson/Broich <3 <3 <3 -
COL-JL-11 humic acid/Kittson/Broich <3 <3 <3 -
COL-JL-12 birch tannin/Kittson <3 <3 <3 -
COL-JL-13 humic/Kittson <3 <3 <3 -
COL-JL-14 birch tannin/Broich <3 <3 <3 -
COL-JL-15 humic/Broich <3 <3 <3 -
JL-TAC-1 poly (vinyl acetate) dry <3 <3 <3 -
JL-TAC-2 poly (vinyl alcohol) dry <3 <3 <3 -
JL-TAC-3 poly (vinvf alcohol) wet <3 <3 <3 -
JL-TAC-4 poly (vinyl alcohol) wet <3 <3 <3 -
JL-TAC-5 poly (vinyl acetate) wet <3 <3 <3 -
JL-TAC-6 poly (vinvl acetate) wet <3 <3 <3 -
JL-TAC-7 poly (vinyl acetate) wet <3 <3 <3 -
JL-TAC-8 poly (vinyl acetate) wet <3 <3 <3 -
JL-TAC-9 1.5a NRRI compound 3.6 1.2 7.5 8.9 

JL-TAC-10 
0. 75g NRRI compound I 0. 75 4.6 1.1 0.7 9.3 
Peridur-330 

JL-TAC-11 
0.5g NRRI compound (heavy) in 3.7 1.5 0.5 9.2 
40ml water 

JL-TAC-12 
1.0g NRRI compound (heavy) in 

3.3 1.1 0.6 9.1 
40ml water 

JL-TAC-13 
1.5g NRRI compound (heavy) in 

3.6 1.4 0.6 9.1 
40ml water 

JL-TAC-14 
2.0g NRRI compound (heavy) in 

4.1 1.4 0.5 9.3 
40ml water 

JL-TAC-15 
2.5g NRRI compound (heavy) in 

3.1 1.8 1.8 8.5 
40ml water 

JL-TAC-16 
3.0g NRRI compound (heavy) in 

4.3 1.3 0.6 9.2 
40ml water 

JL-TAC-17 
0.5g NRRI compound (heavy) in 

3.2 1.5 0.4 8.8 
40ml water 

JL-TAC-18 1.0g NRRI compound (light) in 
2.9 1.6 1.6 8.4 40ml water 

JL-TAC-19 
1.5g NRRI compound (light) in 

2.9 1.4 0.4 8.9 40ml water 



JL-TAC-20 
2.0g NRRI compound (light) in 3.3 1.5 0.4 8.9 
40ml water 

JL-TAC-21 
2.5g NRRI compound (light) in 3.3 1.3 0.3 9.1 
40ml water 

JL-TAC-22 
3.0g NRRI compound (light) in 3.3 1.5 0.3 8.8 
40ml water 

JL-TAC-23 5 ml P-199-1 and 25 ml water 3 - - 9.0 

JL-TAC-24 1 O ml P-199-1 and 25 ml water 4 - - 11 .5 
JL-TAC-25 15 ml P-199-1 and 25 ml water 4 - - 10.5 
JL-TAC-26 20 ml P-199-1 and 25 ml water 3.6 - - 10.5 

JL-TAC-27 
.75 g P-197-1 in 15 ml water, .75 3.0 - - -
g Peridur 

JL-TAC-28 
NRRI (heavy)/HCl/water/0. 75 g 3.6 - - 6.3 
Peridur 

JL-TAC-29 - - - - -
JL-TAC-30 2 g Hartex solids in 40 ml water 3.5 - - 10.1 

JL-TAC-31 
2 g Hartex solids, 2 g NRRI 

3.35 - - 7.1 
(heavy) in 40 ml water 

JL-TAC-32 
1 g humic acid and 1g NRRI 

3.15 - - 7.2 
(heavy) in 150 ml water 
0.375 g Peridur 330 (in mill) and 

JL-TAC-33 0.375 g NRRI (heavy) in 150 ml 2.45 - - 4.0 
water 

JL-TAC-34 
1.25 g Peridur 330 and 166 mg 

5.5 - - 9.2 
NRRI (heavy) 

JL-TAC-35 
200 mg NRRI (heavy) in 30 ml 

8.15 
water; 1.5 g Peridur 330 - - 9.7 

200 mg NRRI (heavy) 
JL-TAC-36 (administered while mulling; 6.6 - - -

0. 75 g Peridur 330 

JL-TAC-37 
first, 200 mg NRRI (heavy); 

5.8 
second, 1.33 Q Peridur 330 - - -

JL-TAC-38 
200 mg NRRI (heavy) 

4.4 
carboxylate, 1.3 Q Peridur 330. - - -

The latest of these sample, June 2005, using conventional binder additive methods saw 
that the use of NRRI (heavy) displayed some of the characteristics being sought (Table 
3). 

These results have lent enough support to the use of NRRI (heavy) in either its raw form 
or its carboxylated form is effective as a binder additive and potentially as a part of a 
two-part binder system. 

Table 3. Latest Results 

Binder and Binder Additive 
18" wet Dry Comp, 

Moisture% drop lbs. 
DUL-05-01 Bentonite 4.5 5.9 9.0 
DUL-05-02 Peridur / NaOH 3.2 1.1 9.2 
DUL-05-03 Peridur / NRRI (heavy) 4.4 0.9 9.7 



The two-part binder system involves the use of two components added separately to the 
taconite concentrate prior to pelletization and the addition of water during the 
pelletization procedure. 

This process is elaborated on in the following section (Ill. Present Status and Directions 
to Pursue). 

Figure 2. Example of "green balls" developed at NRRI-Duluth 

The encouraging results on "green ball" pellet formation is the indicative that the two-part 
binder system (in this case Peridur + NRRI (heavy)), and can be explained by the 
following physic-chemical "Velcro" concept. Peridur, which contains carboxylic in 
polymeric chains plays the of chemical "hooks" on the surface of taconite concentrate 
particles. However, these "hooks" are not strong enough for the quality of binding the 
industry is seeking. NRRI (heavy) is a polymer that can provide the chemical "loops" 
necessary to create a stronger chemical connection between particles (see following 
page, "Velcro Idea for Taconite Binders") 

Due to the strength of this chemical connection the 18" wet drop was the able to perform 
competitively with the characteristics of Bentonite. 



Velcro IDEA for TACONITE BINDERS 
1. Chemical "Hooks" arrangement with the help of CMC 

"Hooks" are not 
very good bound 

2. Chemical "Loops" Arrangement with the help of PEI 

COOR-group ("hook") 

+ t\ 
y 

Very Strong Chemical Connection 



(' Ill. Outlook and Goals. 

NRRI-Duluth feels that the use of a two-part hardening system in quantities (per pound / 
per long ton of taconite) is capable of creating "green balls" with characteristics similar to 
Bentonite and other industrially proven organic binders. 

It is not unreasonable to suggest that, over the course of the next year or two, that an 
optimized formulation of organic compounds (hardeners, resins) could create a green 
ball that matches 18" drop results and the wet and dry compression tests of Bentonite. 

Still, it is understood that Bentonite, for reasons well established throughout the industry, 
exhibits cumulatively the best characteristics for a green ball pellet binder. 

NRRI-Duluth, under the developmental supervision of Dr. Pavel Krasutsky, is proposing 
that a two part, or "Velcro" approach, could be capable of creating a green ball pellet 
with wet drop, wet compression, and dry compression results comparable to Bentonite 
and other binders at reduce binder rate per long ton of taconite concentrate. 

(Photo of Velcro taken on scanning electron microscope at the Philips Exeter Academy 
by Jim Ekstrom - Department of Science; 

http://science.exeter.edu/jekstrom/SEM/SEM. html.) 


