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Abstract

Severe tensile strength loss has been the major disadvantage
of durable press finished 100% cotton fabrics. The objective of
this study is to evaluate the contribution to the overall strength
loss by acid degradation and by crosslinking of cellulose, and to
investigate the relationship between the strength loss due to
crosslinking and the molecular structure of the crosslinking agent
in order to develop a fundamental understanding of the
mechanism of tensile strength loss in crosslinked cotton fabric.
Based on the understanding of the mechanism, it will be possible
to reach the final objective of optimizing the strength reaction and
improving the performance of durable press finished cotton
fabrics and garments.

This study examined the effects of the catalyst systems on the
mechanical strength of Egyptian two cotton fabrics made from
Giza 89 and Giza 80 cotton varities werer crosslinked with
dimethyldihydroxy ethylene urea (DMDHEU). Different variables
such as time, temperature, concentration of catalysts were
studied.

The obtained results could be summerized as follows:
1.The wrinkle recovery angle (WRA), and durable press rating

(DP), of Egyptian cotton Giza 89 fabric treated with DMDHEU

increased more than Giza 80 fabric with increasing the
concentration of the catalytic system till 2% at 160°C in 3
minutes.
2.The strength loss of the cotton fabrics used increased in the
presence of the catalytic system (activated or buffered) to
reach the maximum loss 80% with the activated catalyst.

3.DMDHEU concentration is critical for optimizing the tensile
strength retention of finished fabrics.

4.The magnitude of fabric strength loss is affected by the
temperature, time, concentration of the catalyst, and both of
cation and anion used as the catalyst.

S.Activated catalyst, which includes an organic acid caused more
severe fabric strength loss due to additional cellulose
degradation induced by the organic acid in the catalyst system.
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INTRODUCTION

Durable press finishing is widely used in the textile industry to impart wrinkle-
resistance to cotton fabric and garment. Significant loss in the mechanical strength
of the durable press finished fabrics beside high expensive cost of the dyes have
been the major concern in the industry. The low tensile strength retention of the
crosslinked cotton fabrics reduces the durability of the fabrics and has become the
major obstacle for applications of durable press finishing processes to cellulosic
fabrics with relatively low strength and good dyeing efficiency.

Kang, et al (1998), found that the strength loss of the cotton fabrics
treated with the multifunctional carboxylic acids could be attributed to two factors,
acid-catalyzed depolymerizatiori and crosslinking of the cellulose molecules.

The majority of the durable press finishing agents used by the textile and
garment industry are formaldehyde-based N-methylol compounds such as dimethyl
-dihydroxyethyleneurea (DMDHEU), (Lewin, et al. 1983). DMDHEU is the most
extensively agent for cotton by the textile industry . The abrasion and tensile
properties of crosslinked cotton fabric had been reported. The catalysts used for the
N-methylol crosslinking agents are metal salts of mostly inorganic acids, such as
magnesium chloride, aluminium chloride, and zinc chloride. An organic acid may be
included to form an activated catalyst system to accelerate the cellulose crosslinking
reaction (Gupta et al. 1973).

The loss of mechanical strength as a result of crosslinking cotton fabrics
with formaldhyde and dimethylolethyleneurea (DMEU) has been reported (Grant et”
al. 1968, Meyer et al. 1976, and Murphy et al. 1971). The tensile strength loss was
attributed ‘to degredation of cellulose molecules and fiber ebmrittlement caused by
crosslinking (Segal et al. 1973). A decrease in the degree of polymerization of
cellulose due to crosslinking of cotton with DMEU has been reported (Segal et al.
1973). Severe tensile strength loss caused by the catalysts used for formaldhyde
and DMEU has also been observad (Segal et al. 1972).
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The effects of crosslinking with DMDHEU on chemical properties of
mercerized and liquid-ammonia treated cotton fabrics was documented (Zeronain et
al. 1989, 1990).

In this study, the effect of the catalyst systems and the crosslinking on the
tensile strength of two Egyptian cotton fabrics crosslinked by DMDHEU is presented.
In order to separately evaluate the effects of catalysts and that of crosslinking on
the fabric strength, it was necessary to remove the DMDHEU crosslinkes from
cotton, An effective method for the hydrolysis of the DMDHEU-treated cotton fabric
using high concentration of NaOH reported by (Abhyankar et al. 1998) was used.

MATERIALS AND METHODS

Materials

Two Egyptain cotton fabrics made from Giza 89 and Giza 80 cotton varities
obtained from Misr- El-Mehalla Company, during the season of 2000-2001 were
used in this study desized, scoured, and bleached. DMDHEU was a commercial
product consisting of buffered aqueous 45%, solid solution ( Freerez 900 supplied
by Freedom Chemicals). The buffered catalyst magnesium chioride hexahydrate
(MgCl,.6H,0) was a commercial product. The activated catalysts were commercial
products consisting of an aqueous solution of magnesium chloride (MgCl,), zinc
chloride (ZnCl;) , magnesium nitrate Mg(NOs);, and magnesium acetate Mg(Ac),
were all reagent grade (aldrich).

Fabric treatment

The cotton fabric was first impregnated in a solution containing the catalyst
or DMDHEU and catalyst, then padded twice to obtain an avarage wet pickup of
100- 102%, dried at 80°C for 3 minutes, and finally cured in a curing oven at a
specified temperature for a specified period of time.

Hydrolysis of crosslinked cotton fabric
The fabric samples treated with DMDHEU were impregnated with 23%
NaOH solution, and the solution was heated and kept at the boiling point for 10
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minutes. The fabric was then washed with hot water followed by cool water until
the pH of the rinsing water reached 6-7. After the treatment of the fabric with the
NaOH solution, the number of yams in 2.5cm of the cotton samples (standard width
for tensile strength measurement) increased from an avarage of 74 to an avarage of
93. The tensile strength values measured for the hydrolyzed cotton fabric were
adjusted for shrinkage using a factor of 0.796 (74/93).

Fabric performance evaluation

The performance of the untreated and treated cotton fabrics was evaluated
after one home laundering washing/drying cycle. The wrinkle recovery angle (WRA),
durable press rating (DP), and the tensile strength were evaluated according to
AATCC test Method 66-1990, AATCC test Method 124-1992 and ASTM Method
D5035-95, respectively.

RESULTS AND DISCUSSION

Effects of crosslinking by DMDHEU

Cotton fabrics were treated with a constant level of DMDHEU (8%), and
different concentrations of each commercial MgCl, catalyst system (labeled buffered
and activated), and then cured at 160°C for 3 minutes. The catalyst concentration,
WRA, and DP rating for the cotton fabric crosslinked are presented in Table 1. The
WRA, and DP ratings for the cotton fabrics were found to increase as the catalyst
concentrations increased from zero to 2.0%, and then stablized at higher catalyst
concentrations. Both WRA, and DP of Giza 86 cotton fabric shows a slight increase
than that of Giza 80 cotton fabric. Then, the data reveal that the minimum catalyst
concentration required to obtain adequate WRA, and DP rating is 2% for both
commercial catalyst systems. In addition, even though WRA for both catalyst
systems are very similar for catalyst concentration above 1%, the activated catalyst
system yielded a higher DP rating.

The percent tensile strength loss of cotton fabrics discussed above is
presented in Figure 1, for Giza 89 and Giza 80 respectively as a function of catalyst
concentration. The tensile strength loss is greater for the activated catalyst at all
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concentrations used. The strength loss for the buffered catalyst system increases
with the concentration and levels off for concentration above 2%, whereas the
tensile strength loss continued with concentration for the activated catalytic system.
The increased tensile strength loss for this activated system is believed to be due to
increased acid catalyzed degredation of the cellulose caused by the presence of
citric acid, similar to that found in cotton fabrics treated with polycarboxylic acids
(Kang, I et a/ 1998). The tensile strength loss for Giza 89 was greater than that of
Giza 80 for both activated and buffered catalysts due to the increase in cellulose
degradation.

Tablel. The catalyst concentration, WRA, and DP rating for Giza 89, and Giza 80
cotton fabric crosslinked with DMDHEU

WRA* DP Rating**
Catalyst Buffered Activated Buffered Activated

conc.(%) G80 | G89 | GB8O | G89 G89 G86 G 80 G8d
0.00 205 211 205 213 2.0 2.2 2.0 23
0.25 219 223 200 228 2.5 28 25 3.0
0.5 249 255 207 258 2.8 33 3.0 3.5
1.0 270 269 268 270 3.0 3.5 3.5 4.1
2.0 282 288 285 298 33 37 4.0 4.5
2.5 283 285 288 293 33 38 4.0 4.5

3 283 283 287 295 33 3.5 4.0 a8
4 282 288 281 299 33 33 4.0 4.6

Where:
* (WRA) is the wrinkle recovery angle for a control sample was 193°, and 192° for
Giza 89, and Giza 80 repectively. ** (DP) is the drable press

The tensile strength loss has been attributed to two main factors that due to
the degredation of the cellulose and that due to the presence of crosslinks. In order
to separately evaluate these effects, a procedure utilizing aqueous NaOH was used
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to remove the crosslinks (Abhyankar et al. 1998). The WRA for all cotton fabrics
thus treated was found to be similar to that for the control samples (192°, and
1930), thus indicating that the crosslinks were effectively removed through
application of this treatment. After eliminating the influence of the crosslinks on the
tensile strength loss (reversible loss), the remaining tensile strength loss was due to
the cellulose degradation (irreversible loss).

The percentage of the tensile strength loss due to cellulose degradation and
that due to the crosslinking for the DMDHEU-treated cotton fabric cured using the
buffered commercial catalyst is presented in Figure 2, for Giza 89 and Giza 80
respectively. The percentage of the tensile strength loss due to crosslinking
decreases whereas that due to the cellulose degradation increases from 0.25 to
3.0%. Crosslinking is the predominant factor for the fabric strength loss at low
catalyst concentration (below 3%). When the catalyst concentration reaches 3.0%
and above, the contributions due to cellulose degradation and crosslinking level off
with both contributing approximately 50% of the total strength loss.
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Figure 1. Tensile strength loss for Giza 89, and Giza 80 fabrics treated with DMDHEU
in the presence of activated (A), and buffered (B) catalyst systems and cured at 160C
for 3 minutes.
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Figure 2. The pe tage tensile strength loss due to (A) crosslinking and (B)
degredation for Giza89, and 80 fabric treatement using buffered commercial catalyst

The plots of the percentage of total tensile strength loss due to the cellulose
degradation and crosslinking for cotton fabrics treated with DMDHEU and cured
using the activated catalyst system for Giza 89 and Giza 80 are shown in Figure 3.
The percentage of total tensile strength loss due to the cellulose degradation
increases whereas that due to crosslinking decreases continuously over the entire
range of catalyst concentrations used. The percent contribution to the tensile
strength due to the crosslinking were lower and those due to the cellulose
degredation which were higher for cotton fabrics treated with DMDHEU, and the
activated catalyst system than that for the buffered catalyst system  discussed
above. The overall percentage of tensile strength loss due to cellulose degredation
does not level off as was observed above but increase contineously over the
concentration range. The organic acid present in the activated catalyst systems
promotes and increased cellulose degredation with increased ctalyst concentration.
In order to further understand the effect of the catalyst on the tensile strength loss,
fabric samples were treated separately with both commercial catalysts, activatd and
buffered in the absence of the DMDHEU crosslinking agent .
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Figure 3.The per ge tensil, gth loss due to (A) crosslinking and (B)
degredation for Giza89, and 80 fabric tr using activated cataly
Effect of the catalysts

The percent tensile strength loss for cotton fabrics treated with the
commercial buffered catalyst and with the activated catalyst system, both at a 3%
concentration, as a function of curimg temperature is presented in Figure 4 for Giza
89 and Giza 80 respectively. The loss of the tensile strength increases with
increasing the curing temperature, similar to that observed with the crosslinking of
cellulose with DMDHEU. Whereas there is a very little tensile strength loss when the
fabric treated with the buffered catalyst cured at 130°C, over 70% of the fabric
tensile strength is lost when the fabric is cured at 180°C. Evidently, thé MgCl,
catalyst alone causes significant reduction in the fabric strength. When the cotton
fabric was treated with just the activated catalyst system the tensile strength loss
was found to be much more severe, even at a relatively moderate cure temperature
(130°C), the fabric loss over 65% of its original tensile strength. The tensile
strength loss becomes greater than 90% when the fabric is cured at 180°C. This
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activated catalyst system obviously induces more damage to cellulose than does the
buffered catalyst. The pH of the activated catalyst bath was 2.85.

The increased degradation due to citric acid contained in the catalyst system
is due to the exposure of cotton fabric treated with polycarboxylic acids at elevated
temperatures reducing the fabric tensile strength due to acid-catalyzed
depolymerization. It has also been reported that HCI can be released when cotton is
treated with a system consisting of ethyleneurea and a mixture of metal chloride
and an acid. A second possible explanation is that MgCl, is more effective in
catalyzing cellulose degredation at lower pH, since this chloride hydrolysis in
aqueous solution releasing HCl thus increasing H* ion concentrations.
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Figure 4. The tensile srength loss for cotton fabric treated with the buffered catalyst
(A) and with the activated catalyst (B) at different cure temperatures
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The effect of changing the catalyst metal ion on the percent of tesile strength
loss is presented in Figure 5 for Giza 89 and Giza 80 respectively treated with 0.5%
MgCl,, and with 0.5% ZnCl, and then cured at different temperatures for 3
minutes. Interestingely, the fabric stength loss was greater when ZnCl, was used as
compared to MgCl, over the entire temperature range. The 0.5% ZnCl, solution was
found to have a slightly higher pH than the 0.5% MgCl, solution, 6.2 versus 5.99.
Thus, the difference in strength loss between two the metal ions cannot be just
explained based on the catalyst bath pH.

The catalyst anions also were found to influence the degree of fabric strength
loss. The percent tensile strength loss for fabrics treated with three different
magnesium salts, 0.5% MgCl,, 0.78% Mg(NO;) 2, and 0.75% Mg(Ac) ,, (all are
0.053M), and cured at various temperatures for 3 minutes is presented in Figure 6
for Giza 89 and Giza 80 respectively. i

The pH of these three solutions were 5.51, 5.59, and 6.95 respectively. Mg(Ac),
produces the least fabric tensile strength loss over the entire temperature region,
and MgCl, produce the highest fabric tensile strength loss for temperatures above
1700C. The fabric treated with Mg(Ac), loses only 4.7% of its original strength at
180°C, whereas the fabric treated with MgCl,, and Mg(NO3), lose 62.4%, and
57.2% respectively. It is obvious that the fabric strength loss is not just a function
of solution pH, but depends on both the cation and anion of the catalyst used
(Pierce et al. 1970).
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The effect of the presence of DMDHEU on tensile strength due to for fabric
treated using the commercial buffered catalyst is presented in Figure 7 for Giza 89
and Giza 80 respectively as a function of catalyst concentration. The tensile strength
loss for fabrics treated with the catalyst alone is significantly higher than those
treated with both the buffered catalyst and DMDHEU present. Evidently, the
presence of DMDHEU reduces the amount of cellulose degredation due to the
catalyst. This may be explained by assuming that DMDHEU forms a complex with
the magnesium cation, reducing the ability of the catalyst to induce cellulose
degredation. However, more work needs to be done to fully illustrate the
mechanism of this process.
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CONCLUSION

The results obtained during this study reveal the following:

1-The WRA and DP of Egyptian cotton Giza 89 fabric treated ‘with DMDHEU
increased more than Giza 80 fabric with increasing the. concentration of the
catalytic system till 2% at 160°C in 3 minutes.

2- The strength loss of the cotton fabrics used increased in the presence of the
catalytic system (activated or buffered) to reach the maximum loss 80% with the
activated catalyst.

3- DMDHEU cornicentration is critical for optimizing the tensile strength retention of
finished fabrics.

4- The magnitude of fabric strength loss is affected by the temperature, time,
concentration of the catalyst, and on both of cation and anion used as the
catalyst.

5-Activated catalyst , which includes an organic-acid caused more severe fabric
strength loss due to additional cellulose degredaﬁoﬁ induced by the organic acid
in the catalyst system.



744

EFFECT OF CATALYTIC SYSTEMS ON COTTON FABRICS

REFERENCES

Abhyankar, P. N., Beck, K. R., and C. M. Ladisch., 1985, A New Effective Method
for Removing DMDHEU Crosslinks from Cotton, Text. Res. J., 55, 444.

Grant, J. N., Andrew, F. R., Wiess, L. C., and C. B. Hassenboehler., 1968,
Abrasion and Tensile Properties of Crosslinked Cotton Fabrics, Text. Res. J., 38,
217.

Gupta, K. C., and P. C. Mehta., 1973, Mechanism of the Clalyst Activity in
Crosslinking Reactions, Indian. J. Technology., 2, 25.

Kang, L., Yang, C. Q., Wei, W., and G.. C. Lackfield., 1998, The Mechanical
Strength of the Cotton Fabrics Crosslinked by the Polycarboxylic Acids: Part I.
Acid Degredation and Crosslinking of Cellulose, Text. Res. J., 68, 856.

Lewin, N., and S. B.Sello., 1983, /n " Chemical Processing of Fiber and Fabrics:
Functional Finishes Part A” Marcel Dekker, New York, pp 47-327.

Meyer, U., Mueller, K., Rouette, H. K., and H. Zollmger., 1976, Comparison of
CGatalyst Activities and Textile Mechanical Properties Observed in Crosslinking
of Cotton With Highly Active Catalysis, Text. Res. 1., 46, 691.

Murphy, A. L., Margavio, M. F., and C. M. Welch., 1971, A/-Colton Durable
Press Fabrics of High Strength from Slack-Mercerize, Partially Restreched Yam,
Text. Res. J., 41, 22-31.

Pierce, A. G., Vail, Jr., Sidney, L., and E. A. Bouderaux., 1970, Amide-Metal Ion
Complex Formation and Its Effect on the Catalysis of Cellulose Cross-Linking
Reactions, Text. Res. J., 40, 1006.

Segal, L., and J. D. Tempa., 1973, Strength Loses and Structural Change in
Cotton Fabric Crosslinked with DMEU, Text. Res. 1., 43, 185.



S. M. SALEH 745

10. Segal, L., and J. D. Tempa., 1973, The Effects of Formaldhyde Pad-Bake
Process on Cellulose Molecular Chain Length, and Physical Properties of
Cotton Fabrics, Text. Res. 1., 43, 468.

11. Zeronian, S. H., Bertoniere, N. R., Alger, K. W., Duffin, K. W., Kim, M. S.,
Dubuque, L. K., Collins, M. I., and C. Xie., 1989, "Effect of the DMDHEU on the
Properties of Cellulosic Fibers”Text. Res. J., 59, 484.

12. Zeronian, S. H., Bertoniere, N. R., Alger, K. W., and C. Xie., 1989, "Effect of
Cross-kinking with DMDHEU on the Mechanical Properties of Liquid-ammonia
treated Cotton Fibers”Text. Res. 1., 81, 310.



746 EFFECT OF CATALYTIC SYSTEMS ON COTTON FABRICS

s pad il Ciliad and Ailial) 88 o Siad Julge s

o il —ohil Cisag dpma ~Lel )5l Gl S e
adldl

(Durable press — Sgadl Lo glial) el Sagadl Dlalaa o8 Akl lagall Ailie el yies
Ay puaall delicall 40l 5 (A0 JSWED gy Ly g culild (S soma (AU diisa (0 52l ool
Wity aleadll Ao lial cUlea oLt (Jobaiall f Jadill) Slisd Jaladl Bl 2 3 (I il gy
A e
S s (Aism 5 A 55m) Led GBS (e ciia KR PCORE T3 | W BT IR JREL |
T A5 Sumay Yo =Yoos magal oSl Aaal = gl 5 S50 jeas 353 On ledle Jpand
T il bl B e pale a0 8 dagdll ol aall) Y VE o Akl bapdldl 2
Cauad 8y gl & gl A Y 5 Gl A COlae ol a] da dld  (4iial y e
=) Al
Av B3m Gia oo AS 5 il Sleall Aalial A Xy aeadll D)5 a8 daF N
Bl padiuly o} 5 %Y (s adill sl Jaladl e il Sliad Jaladl 385 835
Aaghe 110 5 Gan (B 3B DB 82 Ly el (S8 (AU e B
0l i el (o 2y Jobaiall f Jail sl Gelal he IS 33392 el Al of 22y Y
Aassiud Gl 08 (% Av) (I Just adil Slisd Jalad 3505
5 i) sl Jalad gy (A Lo Gl oS u (S dlie (S 3SR Y
Loa Jisd Jalall can pall 0¥ e ol 038 Joliy elld p bl ld (M g (Jobasad
okl aia e (%A) 5858 e Dkl 3 8 A JI I 5a%
gwdgyémmg%)wmnmqkm;)ﬂa\?fﬁtuﬁ -t
o il sl Jaled ssa (G S 3ad (%A) S50 Lo Ol oSy
sie %Yo Y duay (A Dl (B pallEl da33 g Lugie VY lay e flm Y s
VAL 35 pm G n (A %Ae (I Jual allisi DA of 3y L Bshe VA ) pa A2
Ll st Jaladl 3529 (B Lasia
a0 o (31 pastla) Sliad Jelall oSl congall a1 586 Ay o
(PH)&J)A;JQY‘)&E@UJEWQM‘N&WQ&M
. Jeliil yagal
i i )~ i =300 ) Sad Jalall oSl o) 586 Al sy
daki jlis JalaS o it lal ciliaad Jasiuly %,V (I Jumy Bl B Sl
(3D Tagliad ) el Saentl cdllad 3okl Judl (f any 38 il 13gd dtlgd Aasi,
IR YR ZRYORE SIS LR TLAR SN T LIPS BUL R R TR (o
Dl sags 5 A2 Lm ol (Sam (S e B 3l e BA 355
On Usa 00 0F 365 Jaitulyy s OB 33l 0,8) i suedl 1 A 5 Ayshe VT
et Jlis JaleS gt lall il



