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Novel beater additives were prepared and the properties of the produced paper sheets 
were studied. From the results of non-isothermal thermogravimetric analysis of the 
prepared paper sheets, these additives can be used as a fire retardant. 

The results obtained also show that, this type of additives is suitable for producing 
magnetic paper, whereas its mass succeptibility value in some time is greater than that 
produced from adding magnetic metal oxides under the same conditions of preparation; 
while its semiconductor property is relatively higher than that obtained from adding 
metal oxides. 

In addition, using of such additives accept the sheets high strength properties, porous 
structure (air permeability value N 800 ml/min.), and water resistance behavior. Its resist- 
ivity to water absorption is better than that obtained by chemically modification of the 
pulp to decrease its hydrophilicity, e.g., acetylation and grafting by hydrophobic mono- 
mer. Therefore, this type of paper sheets is suitable as a Nursery-plant boats. 

The biological evaluation of the produced paper sheets reveals that, the addition of 
novel additives gains the paper some anti-microbial action. 

Keywords: Paper; Additives; Flame retardancy 

INTRODUCTION 

The flame retardancy and magnetic properties are an added value to 
the traditional characteristics of paper, in an attempt to control smoke 
generation and toxicity, and gain it a magnetic recording (magneto- 
graphic printing), information storage and security media, as well as 
electromagnetic shielding. 

*Corresponding author. 
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186 A. H.  BASTA AND H. EL-SAIED 

For flaming combustion of cellulosic materials a depolymerization 
of cellulose into levoglucosans [ 1,6-anhydro-P-D-gIycopyranose] 
is regarded as the main formation of the fuel for the flame. The 
main theory of flame retardant is to minimize the formation of 
levoglucosan by lowering the decomposition temperature of cellu- 
lose and enhancing char formation by catalyzing the dehydration 
and decomposition reactions [l - 31. The literature reveal that, the 
flame retardancy is resulted from the presence of some elements 
such as phosphorous, halogens, nitrogen or boron in the retardant 
[4,5]. Phosphorous compounds strongly affect pyrolysis and char 
formation, whereas the halogens considerably influence polymer 
breakdown and combustion. Nitrogen in combination with phos- 
phorus has a synergistic effect. Phosphoric acid and aluminum 
chloride probably increased the rate of dehydration; while boric 
acid may have inhibited levoglucosan formation. Dehydration reac- 
tions of polysaccharides, catalyzed by many inorganic salts, lead 
to a higher portion of charing with a reduced amount of evolved 
glycosans. 

For magnetic paper, the maghemite (y-Fe203) and magnetite Fe304 
are the most widely used magnetic pigments in the production of 
magnetic recording and information storage media. A common 
application for maghemite is the encoding of information on subway 
tickets in the form of a thin magnetic strip coated on the cardboard 
stock [6]. Magnetic fibers are also obtained by synthesizing ferrites 
in-situ using suitable natural cellulose fibers possessing appropriate 
functional groups or chemically modified cellulose fibers to introduce 
these functional groups, e.g., carboxyl, sulphonyl and sulphate groups 

In this study, hydroxyethyl cellulose-Fe(III)[HEC-Fe(III)], car- 
boxymethyl cellulose-Fe(III)[CMC-Fe(III)] and carboxymethyl cel- 
lulose-Zn(II)[CMC-Zn(II)] complexes were prepared and used as 
beater additives during the formation of paper sheets from wood 
pulp. The thermal degradation, magnetic, electrical conductivity 
and strength properties of the prepared sheets, in comparison with 
those prepared from adding CMC and metal oxides (Fe203 and ZnO) 
were studied. The application of using the paper sheets includ- 
ing cellulose ether metal complexes as Nursery-plant boats was also 
studied. 

[7-91. 
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Materials and Handsheets Paper Making 

- Paper grade kraft soft wood pulp, as a paper substrate, was 
delivered from Rakta Paper Mill, Alexandria, Egypt. The pulp was 
chemically analysed as a-cellulose [lo], pentosans [l 11, lignin [12] 
and ash. 

- Complexes of cellulose ethers (hydroxyethyl cellulose and car- 
boxymethyl cellulose) with analytical reagent grades of FeC13 
and Carboxymethyl cellulose with analytical grades of Fe(N03)3, 
ZnC12, Fe203 and ZnO were prepared and used as a beater 
additives. The hydroxyethyl cellulose (HEC) and carboxymethyl 
cellulose (CMC) used as a type of cellulose ether (ligands) were 
purchased from Fluka Chemical Co. The preparation of the 
cellulose ether complexes as the method described in our previous 
work [13]. 

- Based on the amount of magnetic oxide conventionally added 
during the preparation of magnetic paper [14], and for the sake of 
comparison between the properties of paper made from using metal 
complexes with those made from adding metal oxides, 30% beater 
additives were used in this investigation Sheets paper samples were 
prepared as the method described elsewhere [15]. 

MEASUREMENTS 

Thermal Analysis 

Thermogravimetric analysis (TG and DTG) of the prepared paper 
sheets were done using PERKIN ELIMER (Thermogravimetric Ana- 
lyzer TGA7). Analysis was performed with a heating rate lO"C/minute 
and nitrogen flow rate 50 cc/minute, under nonisothermal conditions. 

Magnetic Measurement 

Measurements of magnetic susceptibility (mass, c.g.s unit) were carried 
out using Gouy balance and Hg[Co(SCN)d] as calibrant. 
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188 A. H. BASTA AND H. EL-SAIED 

Electrical Conductivity 

The samples for AC (alternate current) electrical measurement were 
cut from the paper sheets, of thickness 1 mm, into disks of 2.3 cm in 
diameter, stacked between disk electrodes of 2.3cm in diameter to 
form a cell. The AC conductiviy was measured by using a cell Cu/ 
sample/Cu. 

Strength Properties, Water Absorption 
and Air Permeability 

Untreated, metal complexes and CMC-metal oxides containing paper 
sheets samples were conditioned at relative humidity 65% and 
temperature 20"C, then they were tested for breaking length, burst 
factor and tear factor [16]. Water absorption of paper was determined 
by immersing the sheet in water at 23°C for 24 hrs. The paper was then 
removed from water and placed between two plotting papers and a 
cylinder of 6 kg was passed on it for five times. The wet sheet was then 
quickly weighed, and then reweighted after its drying at 105°C. The 
permeability of paper sheets was measured according to Ref. [17]. 

Biological Evaluation 

The antimicrobial actions of the paper samples on Bacillus stabtilis 
NRRL €3-543, Escherichia colli NRRL b-210, Staphylococcus aweus, 
Pseudomonas aeruginosa, Aspergillus niger, Sacchoromyces Cervisiae, 
Salmonella typhi, Candida albicous, and Penicillum chrysogen were 
conducted using the technique of agar plate method [18]. 

Scanning Electron Microscope (SEM) 

A scanning electron microscope Nanolab 7 produce by SEMCO 
Instrument Co. Ottawa-Canada, was used. The photographic condi- 
tions were kept constants all over the investigated paper samples. 
Acceleration voltage of electron beam 20kv, the time taken for a 
photograph is 60 sec. Scanning electron microscopic structures were 
observed at magnfication of 250 and 500. 
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ADDITIVES FOR PAPER 189 

RESULTS AND DISCUSSION 

Table I repesents the chemical constituents of the paper grade wood 
pulp and the strength properties and water absorption of handsheet 
made from it. 

Thermal Analysis 

The nonisothermal TG and DTG curves of paper sheets prepared 
from untreated, cellulose ether-metal complexes and CMC-metal 
oxides treated wood pulp are illustrated in Figures 1 - 3, while Figure 4 
shows the variation of decomposition temperature ( T d )  with the 
percentage of weight loss for examined paper sheets. 

From Figures 1-3 it is clear that, in all paper samples, three 
degradation stages are observed. The first stage at temperature 
1. 1OO"C, this is due to the loss of the sorbed moisture. While at 
temperature region 190-380°C, the degradation stage is due to the 
following reactions hydrolysis of glycosidic bonds (depolymerization), 
thermooxidation and dehydration (inter and intramolecular), this 
stage controls the formation of laevoglucosan, which regards as the 
main formation of the fuel for the flame [3]. At higher temperature 
( > 331 -380°C) the degradation stage is due to the rapid volatiliza- 
tion accompanied by the formation of carbonaceous. 

From Figure 4 it is clear that, the addition of oxides, especially 
Fe203 with CMC during beating stage improves the resistivity of wood 
pulp paper sheet to thermal decomposition, compared with beating 
addition of cellulose ether-Fe(II1) complexes in wood pulp fibers. The 

TABLE I Chemical analysis of wood pulp and strength 
properties and water absorption of obtained paper sheets 

Measurement Value 

a-Cellulose, % 86.60 
Pentosans, % 7.00 
Lignin, % Trace 
Ash, Yo 0.19 

Burst factor 33.07 
Tear factor 108.07 
Water absorption, % 130.52 

Breaking length, m 4539.35 
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addition of cellulose ether-Fe(II1) complex leads to shift the 
decomposition temperature, especially at 10% - 40% weight loss, to 
a lower value, compared with untreated sheets. The extent of shift 
behaves the following order paper sheet including HEC-FeC13 
complex > CMC-FeC13 > CMC-Fe(NO& > CMC-ZnC12. 
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FIGURE 2 TGA and DTG thermograms of paper sheets prepared from CMC-metal 
complexes treated wood pulp. 
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FIGURE 3 TGA and DTG thermograms of paper sheets prepared from CMC-metal 
oxides treated wood pulp. 

Calculation of Arrhenius Parameters 

The determination of Arrhenius parameters (activation energy, spe- 
cific rate constant and Arrhenius factor), from weight loss versus 
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-'-untreated Wood Pulp ( W.P.) 
-0- HEC-FeCI, complex treated W.P. 
A CMC-FeCI, complex treated W.P. 
+CMC- Fe(NO,), complex treated W.P. 
--c CMC- ZnCI, complex treated W.P. 
-+-CMC- Fe,O, treated W.P. 
-x- CMC- ZnO treated W.P. 

0 10 20 30 40 SO 60 

Weight loss, % 

FIGURE 4 Temperature of decomposition, Td, of untreated and wood pulp treated 
paper sheets, at different percentages of weight losses. 

temperature data, can be carried out using Coats and Redfern 
equation [19]; 

1 - ( 1  - @)l-" 2RT ] = loglo [ 2 (1 - ,>] - E,/2.3 RT 

where (0) is fractional conversion, (a) is the order of degradation 
reaction, (a) is the heating rate (in kmin-), (R) is the gas constant (in 
kJmol-' K-'), (T) is the temperature (in K), ( A )  is the frequency 
factor (s- I), and (Ea) activation energy (kJ/mol). 

Plotting the left-hand-side values of the equation, i.e., log10 
[(I - (1 --a)' -"/T'(I - n))] against Q/T) using various values of (n), 
should give a straight line with the most appropriate value of (n). 
Thus, the method of least square is applied for the equation, taking 
values of (n) ranging from zero to 3.0 with increment of 0.5, and 
calculating for each value of (n), the correlation coefficient (- r) ,  
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194 A. H. BASTA AND H. EL-SAIED 

standard error estimation (Se). The (n)  values which corresponds to 
the maximum (- r),  and minimum (Se) is the order of degradation pro- 
cess [20]. The activation energies and frequency factors were calculated 
from the slope and intercept, respectively, of the Coats and Redfern 
equation with the most appropriate value of (n ) .  

Figures 5-7 show the plots of -I, Se and E, as a function of “n”, 
of the main degradation stages (depolymerization and dehydration 
stages) of all samples under examination. The Arrhenius parameters, 
order of thermal degradation are recorded in Table 11. From this table 
it is clear that, the appropriate order of degradation stage of untreated 
paper sheet follows the 0.5 order; while for cellulose ether-metal 
complexes treated paper sheets follow the zero order. This indicates 
that the order of degradation reaction does not dependent on the type 
of cellulose ether-metal complexes; while the reverse is observed in the 
case of CMC-metal oxides treated paper sheets. 

The values of DTG peaks and specific rate constant (Figs. 1-3  and 
Tab. 11) show that, the using of cellulose ether-metal complexes as 
beater additive increased the rate of depolymerization and dehydra- 
tion of the prepared paper samples, in addition to increase the percen- 
tage of the residue ( ie . ,  decreased the formation of laevoglucosan), 
compared with addition of CMC-metal oxides. The addition of cellu- 
lose ether-FeCI3 complex gains the paper sheet a relatively high flame- 
proofing than cellulose ether-ZnClz complex. This may be related to 
the type of combination of metallic ions in complex formation. Where- 
as, the ionically bond is formed in the case of CMC-ZnClZ complex; 
while covalent coordinated bond is formed in the case of cellulose ether- 
FeCI3 complex [21]. The former bond is more stronger than the latter 
bond. Therefore, this ionic bond decreases the rate of depolymeriza- 
tion and dehydration of cellulose samples. 

It is clear that (Tab. II), the improving the fire retardancy of paper 
sheets as a result of adding complexes or oxides follows the sequence: 
HEC-FeC13 > CMC-FeC13 > CMC-Fe(N03)3 > CMC-ZnClZ > CMC- 
ZnO > CMC-FeZO3. 

Magnetic and Electrical Properties 

Table I11 shows the values of the mass succeptibility (xg, c.g.s) and AC- 
conductivity (CT ohm- ’ cm- ’) of paper samples under investigation. 
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FIGURE 5 Statistical determination of "n" and "E," of the main thermal degradation 
stage of paper sheets prepared from untreated and HEC-FeCI, complex treated wood 
Pulp. 

The xg and ~7 the paper sheets made from adding magnetic and 
semiconductor oxides (Fe203 and ZnO) with CMC under the same 
conditions of preparation were also measured for comparison. 
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CMC- FeCb complex treated wood pulp 
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FIGURE 6 Statistical determination of "n" and "E," of the main thermal degradation 
stage of paper sheets prepared from CMC-metal complexes treated wood pulp. 

It is clear that, CMC-Fe(II1) complexes beater additives gain the 
paper sheets a relatively high xg than HEC-Fe(II1) and CMC-Zn(I1) 
complexes. For the electrical conductivity property, Table I11 shows 
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FIGURE 7 Statistical determination of “n” and “E,” of the main thermal degradation 
stage of paper sheets prepared from CMC-metal oxides treated wood pulp. 

that, the addition of CMC-Fe(II1) complexes improves to slight extent 
the semiconductor property of wood pulp paper sheets, but the re- 
verse trend is noticed for the case of HEC-Fe(II1) and CMC-Zn(I1) 
complexes. These observations are probably related to the magnetic 
moment, molar conductivity and electrical conductivity of metal and 
metal complexes [14,22,23]. 
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TABLE 111 Magnetic susceptibility and electrical conductivity of paper samples 

Mass suceptibility Electrical conductivity 
(Ohm-'cm-') x lo - ' '  Type of additive (c.g.s.) x 10 - 6 

- - 

HEC-FeC13 complex 0.483 
CMC-FeCI3 complex 9.386 

CMC-ZnCI2 complex 0.269 
CMC-Fe203 5.578 
CMC-ZnO 2.871 

CMC-Fe(NO& complex 7.939 

2.85 
7.03 
2.31 
1.38 
4.01 
4.166 
5.61 

By comparing the values of xg of paper sheets prepared by adding 
CMC-Fe(II1) complexes possess a relatively high magnetic property 
than that including iron oxide with CMC; while the paper sheet 
prepared by adding CMC-Zn(I1) complex and CMC-ZnO have nearly 
the same magnetic property. 

It is clear also that, the addition of CMC-Fe(II1) and CMC-Zn(l1) 
complexes improves the semiconductor property of paper sheet than 
paper sheet treated with CMC-metal oxides. Adding the complexes 
of CMC with Fe(N03)3 and FeC13 achieved maximum improve- 
ment in the magnetic and semiconductor properties of paper sheets, 
respectively. 

Strength and Water Resistance Properties 

Table IV shows the percentages of changes in strength (breaking 
length, burst and tear factors) and water absorption properties (based 
on untreated paper sheets), in addition to the air permeability (ml/min) 
of all examined paper samples. The percentages of the change in the 
strength and water absorption properties of paper sheets prepared 
from chemically treated of soft-wood pulp or adding hydrophilic and 
hydrophobic additives [24,25], are taken in consideration (Tab. V). 

From Table IV it is clear that, the percentages of improving 
mechanical properties of paper sheets in the case of CMC-complex 
addition are higher than the case of HEC-complex. This is related to 
the nature of functional groups in cellulose ether (ligand), and 
consequently the bond strength of ferric ions with it [15]. 

For the variation of the percentage of change in strength properties 
of CMC complex-wood pulp paper sheets with changing the anion 
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TABLE IV Change percentages of strength properties, water absorption and air 
permeability of paper samples 

Change percentage 

Breaking, 
Type of additive length, m 
- 0.000 
HEC-FeC13 complex 2.354 
CMC-FeCI, complex 34.874 
CMC-Fe(NO& complex 46.68 
CMC-ZnC12 complex 55.294 
CMC-Fe203 28.187 
CMC-ZnO - 9.9435 

Burst 
factor 

0.000 
6.350 

64.500 
75.325 
82.703 
83.950 
0.148 

Tear 
factor 

0.000 
20.144 
42.019 
47.960 
25.955 
47.358 

5.506 

Water Air permeability 
absorption, Ya mllmin 

0.000 180 
- 10.856 230 
-28.013 450 
- 28.703 800 
- 34.561 85 

- 320 
- 0.00 

TABLE V Change percentages of strength properties and water absorption of 
previously treated paper samples [24,25] 

Change percentage 

Breaking Burst Tear Water* 
Paper samples length, m factor factor absorption, % 

Untreated wood pulp (WP) 
Carboxymethylated 
W.P ( D.S. 0.046) 
Wood pulp + CMC 
(D.S. 0.046) 
Acetylated wood pulp 
(Acetyl content 18.38%) 

homopolymer (PAN) 
PAN-grafted pulp 
(25 g AN/IOOWP) 

homopol ymer(PMA) 
PMA-grafted pulp 
(25 g MA/100 WP) 

Wood pulp + 9% 

Wood pulp + 9% 

0.000 
- 13.13 

14.77 

- 55.31 

- 23.30 

- 84.68 

- 13.93 

- 46.30 

0.000 
- 74.07 

-7.711 

-76.119 

- 6.99 

-85.83 

- 38.47 

26.16 

0.000 0.000 
55.54 -3.047 

12.70 10.33 

- 75.06 - 8.05 

- 4.83 

- 97.22 8.391 

9.964 

- 20.65 4.251 

* Immersing time for determination of water absorption % is 2 hrs., at 23°C 
PAN = polyacrylonitrile, 
PMA = polymethyl acrylate. 

(Cl-' and NO;') of ferric salts used for complex formation, Table IV 
shows that the percentages of improvement in the case of CMC- 
Fe(N03)3 is higher than CMC-FeC13 complex addition. This result is 
probably related to the values of nephlauxetic parameter (p) of the 
used complexes. Whreas, the values of (p) in the case of CMC-FeC13 
and CMC-Fe(NO& complexes are 0.43 and 0.45, respectively [14], 
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i.e., a reduction in neuclar charge on the cation in the former complex 
is higher than latter ones [26]. Therefore, the Fe(II1) ions of CMC- 
FeC13 complex is less probable to bridge the cellulose fiber surface 
compared with CMC-Fe(NO&. 

While, for the variation of the cation (Fef3 and Zn+2) of metal salt 
which was chelated with CMC, Table IV shows that, the percentages 
of improving in strength properties of paper sheet in the case of beater 
adding CMC-ZnC12 complex are higher than the case of adding CMC- 
FeC13 complex. This observation is related to change the type of 
combination between CMC with ZnC12 (ionic bond) and CMC with 
FeC13 (covalent coordinated bond), which also affected on the 
bridging of cellulose fibers through the metal of CMC-complexes 
[14,15]. This view was emphasized from the values of decomposition 
temperatures and the activation energies of thermal degradation of 
paper sheets in Table 11. 

Table IV also shows that, paper sheets containing metal complexes 
have relatively high strength properties and high porous structure 
(from the SEM; Figs. 8,9, and air permeability values) than those 
obtained from beater adding CMC-metal oxides. 

By comparing the percentages of the change in strength and water 
absorption properties of the paper samples under investigation with 
those obtained from previously investigated paper samples [24,25], 
Tables IV and V show that chemical treatment of soft wood pulp, 
either by chemical modification or adding some polymer additives, 
both have a great effect on the strength and water resistance 
properties. For the treatments which improve the strength properties 
of paper, e.g., addition of CMC, the deterioration in the water re- 
sistance property is greater than that obtained from treating the pulp 
or adding some homopolymer additives, which lead to deteriorate the 
strength properties of the obtained paper sheets. However, in the case 
of using cellulose ether-metal complexes as beater additive, especially 
for the case of using CMC-Fe(II1) complexes, the produced sheets 
possess both advantage properties (i.e., improved the strength and 
water resistance properties). 

The high strength and water resistance in addition to porous 
structure of CMC complex-wood pulp sheets prospect us that this new 
type of paper sheets can be used for the production of Nursery-plant 
boats. 
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CMC-FeCI, complex treated pulp 

203 

CMC-Fe(NO,hcomplex treated pulp 

CMC-ZnClz complex treated pulp 

FIGURE 9 SEM photographs of paper sheets prepared from CMC-metal complexes 
treated wood pulp. 

Biological Evaluation 

From Table VI it is clear that, introducing Fe(II1)- or Zn(I1)- 
complexes to cellulose pulp improves the antimicrobial action of the 
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produced paper sheets. The most active paper sheet was that prepared 
from adding CMC-Zn(I1) complex to wood pulp. 

From all the foregoing results it could be concluded that, the 
application of cellulose ether-metal complexes as a new beater 
additives is successful for producing special paper sheets have flame 
retardancy, high strength, magnetic, semiconducting and water 
resistance properties, in addition to porous paper structure and 
antimicrobial action. 
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