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ABSTRACT: Production of paperboards from a blend of cotton rag and paper pulp 

has been carried out. Paperboards were prepared from varying percentage composition 

of cotton rag and paper pulp. The procedure includes treatment with sodium hydroxide, 

concentrated tetraoxosulphate (VI) acid, blending beating filling, loading, bleaching, 

forming, pressing and drying. The results were interpreted in terms of the strength and 

extension tests at break and at yield. It was observed that the blend, composition of 

cotton rag and conventional paper pulp between 20% - 60% pulp concentrations were 

compatible in strength and durability with conventional paper. 
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INTRODUCTION 

 As the material which enables 

ideas to be conveyed more simply, 

directly and cheaply; paper contributed 

greatly to the advancement of culture, 

science and the arts. A study of the 

history of paper is of interest because it 

reveals much of the basic nature of 

paper and its manufacture, some 

aspects of which have remained 

virtually unchanged in principle since 

paper were invented. By definition, 

paper is a thin, flat material produced 

by the compression of fibres.  The 

fibres used are usually natural and 

composed of cellulose. The most 

common source of these kinds of fibres 

is wood pulp from pulp wood trees, 

largely soft woods such as spruce. 

However, other vegetable fibre 

materials including cotton, hemp, liner 

and rice may be used. Dictionary 3
rd 

 

Ed (1995).  There were earlier writing 

materials of course. Man must always 

have had a great need to illustrate what 

he could not describe in words and it is 

to be assumed that the very earlier 

attempts of this kind were scratched in 

air, sand or soft earth with the point of 

a stick. Later, came smooth stones or 

pieces of bone on which scratches 

could be made and they were probably 

the first portable means of 

communication. The marking of linen 

or other fabrics followed, which much 

have improved both the range of ideas 

which could be expressed and the case 

with which they could be taken from 

one place to another. Hunter et al., 

1947.   

 There are obvious limitations to 

such methods, however, and a need 

undoubtedly arose for a material which 

could be used specifically for writing. 

The first of such material was papyrus. 

The earliest papyri are judged to date 

from about 3500 BC. Although there is 

no certainty about this, papyrus is a 

reed, which still grows on the banks of 

the Nile, and it is perhaps interesting 

that although it gives its name to a 

product which in use even today, 

papyrus itself is not a paper. It was 

prepared by peeling the outer layers of 

the plant and by laying them flat on a 

hard surface, other layers were then 

placed on the first at right angles. The 

whole was then moistured releasing the 

natural glue in the plant. The whole 

(sheet) was then pressed and allowed to 

dry in the sun. A final rubbing with a 

smooth stone or piece of bone resulted 

in a surface which could accept ink, 

reasonably even and which could be 

written upon. Ballista 1964.   
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 A school of thought has it that, 

the word paper comes from the ancient 

Egyptian writing material called 

papyrus, which was woven from 

papyrus plants. Papyrus was produced 

as early as 3000 BC in Egypt and in 

ancient Greece and Rome. In China, 

documents were ordinarily written on 

bamboo, making them very heavy and 

awkward to transport. Silk was 

sometimes used but was normally too 

expensive to consider. Indeed most of 

earlier used materials (sheepskin or 

calfskin) were rare and costly. Britti 

1964.  

 Paper making was infact a 

secret art guarded with the greatest 

care. Eventually the capture of some 

Chinese paper makers at samark led to 

the establishment of the first paper mill 

outside China, in Baghdad. This was 

sometime in the eight century AD. But 

it was another 100years before 

manufacture commenced in Egypt and 

paper began to displace papyrus. Casy 

1960.  

 In general, the need for the pulp 

preparation as a stage in paper making 

is based on two separate aims. The first 

is to produce as pure cellulose as is 

necessary for a particular type of 

manufacture and the other extraneous 

matter which is contained in the fibre 

as it arrives at the mill. Paper includes a 

very wide range of pulp, which call for 

different qualities of fibres and degree 

of cleanliness. 

 The rags are sorted by hands in 

order to remove synthetic materials, 

buttons, Hooks etc. Any trimmings cut 

away while a very careful scrating is 

made for materials, which may have a 

mixture of natural and man-made 

fibres. After the rags have been sorted, 

they are cut into small squares of about 

three to four inches in a rag-cutting 

machine (or using scissors). Because 

the rag materials are second-hand, they 

are full of dust and grit materials; these 

have to be removed by tossing a large 

wire mesh-revolving drum (or 

manually). When they have been 

thoroughly cleansed mechanically, the 

rags are boiled in a large revolving 

spherical or cylindrical boiler at 4-6atm 

(1.5-2bar) at steam pressure using 4-5% 

caustic soda (NaOH) for 3-4 hrs-12hrs 

or depending on the dirtiness of the rag 

and the level of the cleanliness 

required. Sodium Carbonate or Sodium 

Sulphite with some alkali can also be 

used in place of caustic soda. The 

caustic soda may be 15% of the dry 

weight of the rags being treated. When 

the fibres are thoroughly clean, it is 

rinsed in hot water usually still in the 

boiler so that the grease which has been 

extracted is washed away. After 
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draining in boxes with perforated 

bottoms, the rags are washed and also 

reduced to their component fibres in a 

machine very similar to a beater. The 

fibre is then cleaned of any alkali and 

dirt. Isenberg, 1967. The research 

justification is that this study will try to 

find a useful industrial application for 

cotton rag wastes which constituted 

about 50% of the environmental waste 

especially in our homes and along the 

streets. The aims and objectives  of this 

research is to produce samples from 

cotton rags which matches the 

conventional paper board samples to an 

acceptable standard that the  paper 

industry can pick as a useful material.  
 
    

 

MATERIALS AND METHODS 

Sample collection and Preparation 

 The cotton rags used were 

collected from the student’s hostel. The 

dirty rags were manually cleansed of 

dirt such as ferrous and non-ferrous 

material, and other extraneous matters 

and sun dried to complete dryness. 

Thereafter, the dried rags were 

manually cut into small pieces using a 

pair of scissors and further reduced by 

pounding using mortar and pestle to 

finally ground material of 343 micron 

size. On the other hand, the waste 

papers used were obtained from STAR 

PAPER MILLS INDUSTRY 

LIMITED, UMUNGAZI, ABA. 

 The equipment’s used are; 

specially constricted wire mesh of 343 

micron at the four corners by plank. 

The sieve was sufficiently tensioned 

out on the edges of the plank using 

sapling pins. This arrangement is to 

ensure rigidity of the mesh and 

collection of evenly distributed fibre 

strands of the homogenized slurry with 

the mesh screen. Small pieces of planks 

were also constructed along the 

opposite sides of the sieve to further 

prevent sagging of the mesh. All the 

reagents used such as sodium 

hydroxide, powdered titanium oxide, 

bleaching agent hydrogen peroxide and 

tetraoxosulphate (VI) acid were of 

Analar Grade. Glass rod stirrer, spatula 

“felt cloth” cardboard papers, crucibles, 

plastic bowl, and thermometer of range 

0
0
C-200

0
C, glass wares and oven 

Bouret et al., 1974
 
were used. Also 

used were improvised roller (empty 

beer bottle, heating mantle, type t 22H 

(15 eclipse Eng 1- neering Co. 

England) and heating range 1-10, 

measuring cylinders mortar and pestle 

and weighing balance.  
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Preparation of sample A; (100% 

paper; 0% Rag). 

 106ml of water was taken in a 

conical flask and 20g of paper sample 

which has been cut into pieces was 

soaked overnight. Next day, the soaked 

paper was beaten into a slurring using 

mortar and pestle and then diluted with 

100ml of water to form homogenous 

slurry. The slurry was poured into a 

bowl with continuous stirring for 40 

sec. Just at the time of obtaining a 

homogenous paste, evenly distributed 

slurry strands were collected using a 

specially constructed wire mesh of 343 

micron size. This was kept aside until 

all the water drained off. Thereafter the 

sample was carefully removed from the 

wire mesh using the felt cloth. This was 

done by spreading the “felt cloth” of 

the wet sample on the mesh, pressing 

the cloth and carefully lifting the felt 

material. Rolling the smooth surface of 

an empty beer bottle on the felt, the 

material sample was rolled out of the 

felt resulting to the production of a 

sample cardboard paper. All these were 

done to achieve the desire consistency 

and smoothness. 

The product, sample board paper, was 

then transferred to a cardboard paper 

and allowed to dry first in oven at a 

temperature of 150
o
C for three hours 

and then finally in the sun for one 

week. The produced sample is 100% 

hand made paper board free of any rag 

additives. 

 

Preparation of Sample B (0% Paper; 

100% Rag) 

As described above 106mls of water 

and 70mls of concentrated H2S04 (in 

the ratio of 3:2 of water and acid) were 

placed into a conical flask. The solution 

is allowed to cool for about five 

minutes. Then 20g of rag was weighed 

out, boil with l00ml of 2 moles NaOH 

for 1 hour at 100°C in a water bath. 

The rag is cooked in NaOH to remove 

dirt, grease and non-cellulosic 

substances. The solution was allowed 

to stand overnight. The mixture was 

then washed several times to remove 

traces of NaOH remaining in the 

mixture using universal indicator 

papers to ascertain point of neutrality. 

This was then poured into the cooled 

solution of the acid to help swelling 

and softening. This was then beaten 

with mortar and pestle. 16mls of H202 

as bleaching agent was added and 

stirred for 20 minutes. The resulting 

paste/slurring was then washed and 

poured into a bowl and further stirred 

for 40 seconds. The paperboards 

sample was thereafter produced dried 

using the "felting" and draining 

techniques as described above. 
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Preparation of samples C, D, E, F: 

Other samples C, D, E, F were prepared 

by the same techniques using the 

specifications as shown below  

(i) Sample C (80% paper, 20% Rag) 

(ii) Sample D (60% paper, 40% Rag) 

(iii) Sample E (40% paper, 60% Rag) 

(iv) Sample F (20% paper, 80% Rag) 

Using 20g weight, as reference weight 

for both the paper and rag, samples C, 

D, E and F were prepared. This same 

technique as above was applied in 

preparing each sample mixture. 

Thereafter each of these samples was 

placed on a cardboard surface and dried 

in the sunlight and then in the oven. 

 

Various tests such as: 

(i) The tensile strength at yield. 

(ii) The tensile strength at break. 

(iii) The extension at yield. 

(iv) The extension at break. 

were carried out on six (6) different 

samples of paperboard produced. The 

aim of these tests was to determine the 

suitability of the papers for use and also 

the cost implication when compared 

with conventional cardboard papers 

presently in use. Also to determine the 

strength and usability of each of the 

sample produced from 100% paper. All 

tests carried out in this work were done 

at Umoanam cables. Industry, Km 7 

Ikot Abasi - Uyo Road, Ikot Abasi. 

 

3.3   Method of Test of Samples 

Produced 

Strength test were performed on 

different samples produced using the 

"KAOTIETH" testing machine made in 

China. This is an electronic type digital 

machine used for the purpose of testing 

the conductmetric characteristic of 

metallic cables generally. The machine 

is also used in testing the tensile 

strength of electric cable, PVC material 

and indeed plastic materials of any type 

having varying densities. The machine 

is calibrated in mm/minutes and 

determines the speed, time and values 

of tensile strength of materials at 

elongation and at break. The speed of 

the machine determines the rate at 

which materials yield and finally break. 

The digital electronic counter records 

the applied force on the material both at 

yield and at break. 

Furthermore, the machine has two test 

jaws: The fixed upper jaw and the 

mobile or moveable lower jaw. Each of 

the jaws has in built slots onto which 

the sample is held. 
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Determination of Tensile-strength (at 

yield and break) and Extension   (at 

yield and break) of samples. 

Three strips were cut out of each of the 

6 cardboard paper samples. Each of the 

cut samples was gripped onto the 

opening slots in the upper and lower 

jaws of the machine having taken an 

initial test length of the cut sample and 

the thickness. A standard test length 

20mm was taken for all the samples 

while a thickness of 1.76mm was 

equally obtained for the sample using a 

micrometer screw gauge for initial grip 

on both jaws, before the actual test 

began, the movable lower jaw was 

adjusted (slid upwards) until the length 

of the test sample was freely gripped 

onto the two jaws; then the appropriate 

button on the machine was pressed and 

the movable lower jaw moved 

downward stretching the test material 

in the process. A ruler was aligned 

alongside the test sample as the 

stretching began. As soon as test 

material yielded the machine was 

stopped and the elongation value at 

yield read off from the ruler while the 

applied force at yield was equally 

obtained from the electronic digital 

machine. The machine was then started 

again and the lower test jaw stretched 

the material further down. Just at the 

point the material broke, the machine 

was again stopped and both the 

elongation value at break and the 

applied force were obtained as before. 

These tests were repeated three times 

for each of the cut samples from actual 

sample produced. For a particular 

sample, four readings each were 

obtained for each of the three cut 

samples. The average of these readings 

was taken and using the reading of 

other known parameters the tensile 

strength of the different sample 

materials and their percentage 

elongations at yield and at break were 

thus determined. These tests were 

equally carried out for all the six 

samples produce and the result shown 

in tables I to VI. 
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RESULT 

TABLES OF RESULTS 

TABLE I 

SAMPLE EXTENSION AT YIELD ANALYSIS OF BLENDS OF COTTON 

RAG AND PAPER PULP 

Sample Paper pulp % wt Cotton rag %  

Wt 

Extension at yield  

(mm) 

1          2          3 

A 

B 

C 

D 

E 

F 

100 

0 

80 

60 

40 

20 

0 

100 

20 

40 

60 

80 

22       23        22 

21       21        20 

20       22        22 

22       23        23 

20       23        23 

22.4    21        22 

 

TABLE II 

AVERAGE EXTENSION AT YIELD ANALYSIS OF BLENDS OF COTTON 

RAG AND PAPER PULP. 

Sample Paper pulp  

% Wt 

Cotton rag %  

Wt 

Average Extension at  

yield (mm) 

A 

B 

C 

D 

E 

F 

100 

0 

80 

60 

40 

20 

0 

100 

20 

40 

60 

80 

22.33 

20.66 

21.33  

22.66 

21.83 

21.80 
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TABLE III 

PERCENTAGE EXTENSION AT YIELD ANALYSIS OF BLENDS OF 

COTTON RAG AND PAPER PULP. 

Sample Paper pulp % wt Cotton rag  

% wt 

Test length  

(c) (mm) 

% Extension at  

Yield (mm) 

A 

B 

C 

D 

E 

F 

100 

0 

80 

60 

40 

20 

0 

100 

20 

40 

60 

80 

20 

20 

20 

20 

20 

20 

11.65 

3.30 

6.65  

13.30 

9.15 

9.00 

 

 

TABLE IV 

PERCENTAGE EXTENSION AT BREAK OF BLENDS OF COTTON RAG 

AND PAPER PULP 

Sample Paper pulp % 

wt 

Cotton 

rag % wt 

Ext. at Break 

{mm} 

1     2      3 

Av. Ext. at 

 Break  

{mm} 

% Ext. at 

Break 

A 

B 

C 

D 

E 

F 

100 

0 

80 

60 

40 

20 

0 

100 

20 

40 

60 

80 

23   26    24 

21   22    21 

21   23    23 

23   25    26 

21   24    25 

23   24    25 

24.33 

21.66 

22.33 

24.66 

23.33 

24.0 

21.65 

8.30 

11.65 

23.30 

16.65 

20.00 
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Table V 

TENSILE STRENGHT AT YIELD OF BLENDS OF COTTON RAG AND 

PAPER PULP 

Sample Paper 

pulp and 

wt 

Cotton rag 

% wt 

Force at Yield  

(N) 

1       2      3 

Av. 

Force at 

Yield  

(N) 

Thickness 

(mm) 

Tensile St. 

at Yield 

Nm
2
 

Cross Se. 

Area Txl 

(mm
2
) 

A 

B 

C 

D 

E 

F 

100 

0 

80 

60 

40 

20 

0 

100 

20 

40 

60 

80 

39.2  31  31.2 

4.29  1.9  4.3 

49     45   48 

42     47   45 

27     22   25 

20    7.4   2.6 

33.8 

3.5 

47.1 

44.4 

24.52 

24.52 

1.76 

1.76 

1.76 

1.76 

1.76 

1.76 

 

 

0.96 

0.09 

1.30 

1.26 

0.69 

0.27 

35.2 

35.2 

35.2 

35.2 

35.2 

35.2 

 

 

 

 

Table VI 

TENSILE STRENGHT AT BREAK OF BLENDS OF COTTON RAG  

Sample Paper 

pulp % 

wt 

Cotton 

rag % wt 

Force at Break 

{N} 

1       2      3 

Av. Force at  

Yield {N} 

Tensile Strength 

at Break F/SCA 

A 

B 

C 

D 

E 

F 

100 

0 

80 

60 

40 

20 

0 

100 

20 

40 

60 

80 

41    35     34 

4.5   2.0   4.5   

52     47    50 

44     51    51 

2.0    8.5  3.0 

2.0    8.5  3.0  

36.66 

3.66 

49.36 

48.33 

10.50 

10.50 

1.04 

0.10 

1.40 

1.37 

0.29 

0.29 
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DISCUSSION 

The experiments carried out resulted to 

the following expectations and 

transformations. 

Sample A 

When the 20g of the cut rags 

was boiled in 2m NaOH for 1 hour, the 

Grease dirt and other non- cellulosic 

substances of the rag was removed. At 

the same time the rags got swollen, 

weak and ready for dissolution into its 

various fibres. The process was 

hastened at an elevated temperature of 

100°C maximum (which is the 

maximum temperature of the water 

bath at atmospheric pressure). 

The absence of any paper pulp 

and poor results for sample B suggests 

weakness of the sample produced both 

in strength and in stretch. Hence 100% 

rag for paperboard making inspite of its 

availability is practically unsuitable. 

Despite all the treatment of the rag with 

2moles sodium hydroxide and also the 

beating and filling actions, the rag 

fibres were still observed to be fluffy, 

light, porous and weak. It is felt that the 

natural fibre source of rag is a factor of 

the observed properties. 

One would have thought that by the 

cellulose water relationship, beating 

would markedly increase the ability of 

the fibres to bond together when dried 

from a water suspension and hence the 

strength of the sheet. However, the 

reverse was the case. This observation 

is contrary to the reports of Billmayer 

1962 which is perhaps most widely 

accepted today. 

 

The van dar waals bonds and other 

forces holding the fibrils are weak 

resulting in weak sample A which have 

short length fibres. (Bouret and Lazato, 

1974). The shortness of the fibre 

offered little opportunity for the 

interlocking which discouraged high 

strength in paper. However, the 

physical changes in the fibres in sample 

A after treatment with starch are 

apparent. Hydrodynamic mechanism 

and colloidal of coflocculation 

phenomena were however manifested 

in strengthening the paper (Han 1964) 

but these were not of any significant 

effect in sample Handbook of pulp 

1964. 
 
 It is generally true that within 

the commercial range, beating 

increases tensile and bursting strength, 

folding endurance and sheet density but 

this was not manifested in sample A. 

Consequently sample A can be 

described to have a hanging quality that 

contains small fibre length and bundles 

that are fragile and susceptible to 

breakage. 
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Sample B 

The conventional paper was cut into 

pieces, soaked in water and left to stand 

overnight and beaten next morning. 

This resulted in softening and opening 

up of the fibres after water has 

percolated into the fibre holes. The 

beating resulted to the fibres lengths 

being reduced to smaller sizes.  

Sample A was produced as control 

experiment. It is just like recycling a 

paper. The quality of the paperboard 

obtained was good. The raw material 

used for this sample was obtained from 

Star Paper Mills Industry, Aba. The 

raw material paper had already 

undergone all necessary treatment with 

reagents. So there was no need treating 

the raw material with any function 

reagent. However, it was observed that 

the raw material still retained its 

strength even after soaking in water 

overnight. Even after beating a known 

weight of this paper into slurry, the 

fibre strands though in smaller sizes 

were still in aggregates contrary to 

expectation of their staying in loose 

strands. In the homogenized slurry on 

the wire mesh, it was seen that the 

sample was more compact and took 

more time for water to drain away from 

it, this was due to Van der Waal and 

other forces holding the fibrils resulting 

in production of strong paper board. 

This observation is shown in tables V 

and VI which showed a high tensile 

strength for the paper both at break and 

at yield and also high values for both 

extensions at yield and at break. 

On a molecular scale, recoverable 

elastic deformation is due to stretching 

on inter-atomic and intermolecule 

bonds Papercoating Pigment 1966. 

A second look on the sample produced 

revealed a strong product by feeling 

and also showed a thick and smooth 

sample. This may be attributed to the 

original material which had undergone 

a more perfect machine processing and 

finishing. The raw material paper used 

for producing sample B is a 

representation of all quality parameters 

since it was recycled from paper 

materials. So the inherent strength in 

the paper was still there and this 

manifested in all the values and figures 

obtained. Consequently, the good 

qualities of sample B may be due to: 

 The type of pulp used in the paper 

formation 

 The   original   processes   which   

the   fibre   had   passed through 

Monograph Ser: No 28 1964. 

 The length of the fibre". This sampl

e of paper has a higher strength 

when compared with 

other samples, as evident in tables 

IV & V. 
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 The good in termolecular bonding b

etween the paper fibre (Tripp, 

1967). 

 

Sample C 

Sample C is a blend of 80% paper, 20% 

rag. On mixing the two slurries, the wet 

specific surface of the mixture of paper 

pulp fibre and rag slurry, fibres 

increased. In the same manner the 

swollen specific volume of the mixture, 

the fibre flexibility and affinity for 

water are all enhanced. Owing to this 

cellulose-water relationship, these 

changes markedly increased the ability 

of the fibre mixture to bond together 

when dried from a water suspension 

hence the strength of the blend 

composition of the sample formed. The 

resulting physical changes in the fibre 

mixtures in terms of the tensile strength 

are apparent in tables V & VI. 

 

Whereas the tensile strength value of 

the sample is quite appreciable, the 

elongation at yield was disappointingly 

low about 6.65% (reference table III). 

However, this value was still higher 

than that of the elongation at yield of 

the 100% rag whose value was 3.30%. 

These results showed that a lot of 

strength was imparted to this sample 

because of the presence of the paper 

pulp. 

 

Sample C shows a better and stronger 

sample than sample B. This was 

attributed to the fibres of the waste 

paper which was assumed to have 

undergone a better machine processing 

originally. These fibres blending 

perfectly well with the weak and fluffy 

fibres of the rag resulting in a stronger 

sample.  

 

Analysis of Samples D, E, F 

The reasons mentioned above were 

equally responsible for the varying 

blend compositions of waste paper pulp 

and rag in samples D, E. F. Thus as the 

composition of the waste paper 

increased, the tensile strength of the 

samples produced also increased and 

vice versa. This is seen in the result in 

tables V and VI. This invariably means 

that the waste paper blend conferred 

some strength and durability on the 

blend samples. 

 

 

Analysis of Machine Test Results on 

Samples 

The results of the test of six different 

paperboard samples from different 

percentage blend compositions of rag 

and paper pulp are displayed in tables 

II to VI. Table I is specifically the 

result of the extension at yield of three 
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strips cut out of each of the six-card 

board paper board samples. These data 

gave the proximate figures of strength 

of the blend composition of rag in the 

samples. The results in table II shows 

the averages of the result in table I. 

Table III gave the percentage extension 

at yield of blends of rag and paper pulp. 

The result in tables IV, V and VI 

mainly consist of approximately good 

blends of rag for samples C, D and E 

hence high tensile strength and high 

elongation values. These samples can 

favourably be used in place of the 

100%   paper pulp blend, which could   

possibly be more expensive. From the 

results, samples C, D and E appear to 

be cheap, readily produced and safe for 

human use and compare favourably 

with paper boards produced 

conventionally except for samples A 

and F for their relatively high rag 

contents. Infact samples blend from 20-

60% rag composition can be used and 

consumed across the country 

(Hermana, 1949). 

 

CONCLUSION  

The qualities of paperboard samples C, 

D, E and F produced have been 

improved by single techniques of 

treatment with reagents and chemicals, 

bleaching, beating, filling, loading, 

forming, pressing and drying. Final 

products hitherto produced have 

comparable appeal and are expected to 

attract   cheaper   market   value.   Such   

treatment   has   also rendered   the   

products   most   suitable   as   

alternatives to conventional paper 

boards. 

The use or application of electronic 

digital "KAOTECH" strength testing 

machine for testing paper board sample 

material has demonstrated that this 

technique is reliable, fine, accurate, 

precise, reproducible simultaneous 

analysis. The use of this technique 

vividly portrayed that these samples 

were not simply paper pulp materials 

but a mixture of rag and proper pulp. 

This information in essence will help to 

compliment data on the result obtained. 

It is also suggested that this 0% rag 

used for sample A is not good for 

consumption.  

 

The study has attempted to find a 

useful industrial application for cotton 

rag wastes, which constituted about 

50% of the environmental waste 

especially in our homes and along the 

streets. By physio-chemical 

transformation, it was possible to 

produce samples from cotton rags, 

which matches the conventional 

paperboard samples to an acceptable 

standard that the paper industry can 
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pick as a useful material. This work has 

also demonstrated the possibility of 

complete utilization of other waste 

materials around us in one form of 

products (goods and services) 

development. 

 

Consequently, recycling business in our 

industries need to be given a lot of 

attention especially on thinking of the 

rapid rate of industrialization going on 

in the country today. The implication of 

this unfortunately is the possible 

increase in pollutant loads which 

constitute environmental hazards to the 

populace. Most of the pollutant loads 

including garbages, solid wastes, rice 

husks; rags etc can be recycled to 

produce papers. The secret is that all 

papers contain cellulose in Fibric 

forms. Consequently, any material 

containing cellulose can be converted 

to paper. Hence cotton rags, which are 

cellulose based, are possible to be 

converted to paper. Synthetic fibres or 

fabric cannot be used for paper making 

but can be recycled to obtain the 

original resins by the principle of 

polymer degradation. 

 

RECOMMENDATION 

This work has revealed once more that 

this country is endowed with local raw 

materials in large quantities for the 

production of papers of different kinds. 

Our problem is under utilization as 

regards its exploitation. There is a need 

for the government and rich 

entrepreneurs to set up a recycling plant 

for the production of different kinds of 

paper products. This will go a long way 

to promoting the setting up of sister 

industries such as glass industries, 

plastics industries and others. For 

instance, glass production in this 

country currently involves the 

importation of sodium carbonate in 

foreign currency. So the setting up of 

this plant will make the naira, 

appreciate since the quest for foreign 

currency will be reduced. This will also 

promote job opportunities to teaming 

Nigerians who are jobless. The full 

exploitation of cotton rag wastes will 

also put a   stop to the   importation   of 

some   reagents   by   paper 

manufacturers. The government of 

Nigeria is therefore urged to throw her 

weight solidly behind the noble goals, 

which will turnout the product most 

suitable for the production of other 

intermediates for related industries. 

Since this work has revealed the basics 

of paper making using rag wastes, the 

Department of Chemistry in 

conjunction with the Production 

Engineering Department of the 

University should commercialize this 
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venture on a large scale. Whereas the 

Chemistry Department will come up 

with the paper making furnish   and   

chemical   logistics, the   Production   

Engineering Department will handle 

equipment designs and fabrication. 

Furthermore, Nigerians are encouraged 

to invest in this business individually or 

in joint partnership for the following 

reasons: 

- The rags wastes cost nothing 

and are readily available in 

great quantity in our homes and 

streets.  

- The    reagents    and    

chemicals    required    for   its 

treatment/processing are readily 

available and are cheap. 

- The quality and price of paper 

produced by this process are 

commensurate with the raw 

material processes and labour. 

- All fabrications and equipments 

regarding this business can be 

done locally at all times and 

their prices are competitive and 

affordable. 
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