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Abstract

The grafting studies were concentrated on working out the methodology for radiation
of flame retardants to polyester/cotton (65/35) blend fabric.

The Fyrol 76 was used as a flame retardant in develping methodology for localizing
flame retardants on the surface of the blend fabric.

By judicious control of the swelling conditions, time of contact with the monomer, and
dose rate, locating the graft in the fiber became possible. The yield of the graft polyme-
rization was depended upon the total dose and the preswelling conditions.

Oxygen Index was used to evaluate the effect of the location of Fyrol 76 and other
flame retardants within the surface upon the flame retardance efficiencies.

To get a better flame retardance efficiency by ithe localized grafting of Fyrol 76 to
polyester/cotton blend fabric, a technique of one step processing at room temperature was
developed substituting the ordinary two-step processing at high temperature.
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have been elusive.

The use of cobalt-60

Introduction

The possibilities of using radiation as a
catalyst for chemical reactions on textiles
have intrigued researchers in this field for

about 20 years, but practical applications

isotope for radiation source in the early
part of sixties was the primary limitation,
but much interesting and useful works were
carried out. The radiation processing of
textiles has been reviewed in detail by Gil-

bert and Stannett?, Rutherford®, and by
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many other researchers. The introduction
of high intensity electron accelerators in
the mid-sixties lead to a further increase
in interest and commercial processes for
permanent press and crease recovery. Ano-
ther barrier was the lack of chemicals
available that were suitable for high rates
of polymerization. The research on textile
radiation processing in the late sixties and
early seventies relied almost on the versatile
N-methylol acryamide, which has a high
degree of polymerization and has cellulose
reactivity through the methylol group.
Recently the research aims have also been
shifted somewhat to fibers themselves and
on imparting crease resistance. More rece-
ntly, the emphasis has been on fire retard-
ancy and a number of other textile finishing
operations such as coating, printing and
grafting. Some textile applications have
already been pubiished. Fabric coating®,
flocking®, bonding of nonwoven fabric®,
pigment prints®, and fixation of flame
retardants”®%10:11,1%13,19 are some of the
most promising applications. The grafting
studies were concentrated on working out
the methodology™ & % 19 for radiation fix-
ation of flame retardants to polyester and
polyester/cotton (50/50) blend.

In general, grafting to fibers superimposed
te properties of the grafted polymer onto
the fiber without disturbing the properties
of parent fiber such as its mechanical
strength. However, the grafting of massive
‘amounts can produce new types of fiber
where the properties of the side chains
predominate.

Good examples are the formation of highly
elastic fiber!®!%!” or super-absorbent fibers
1 Such properties can be imparted at more
modest degrees of grafting if the structural
order of the fiber, such as crystallinity, is

destroyed and reformed at a lower level
after grafting!®29, '

In this paper flame retardants were com-
bined to polyester/cotton blend through
radiation-induced free radical. Flame reta-
rdants contain phosphorus and halogen
components. Effect of dose rate and pres-
welling agent on the radiation grafting
of flame retardant onto polyester/cotton
blend fabric were discussed. To evaluate
the flame retardant effect, Oxygen values
were determined.

Experimental
1. Materials

Polyester/cotton (65/35) blend fabric sam-
ples were purified by treating with the
mixture of 19 sodium carbonate solution
and 0.3% Tween 80 solution (surfactant}
at 80°C for 2 hours. Acrylic acid was
purified by vacuum distillation®" (20mmHg,
56°C) and used immediately after distilling
or stored below 0°C. All preswellnig agents
such as 1,2-dichloroethane, chlorobenzene,
chloroform, carbon tetrachloride, N,N-dime-
thylformamide were obtained from the Me-
rck Co. and were not purified further. Fyrol
76, trimethylol propane triacrylate, bromine
and Moropol 1000 (Softner) were E. P. rea-
gent grade and were not purified further
either.

9. Localized Grafting

The two important variables used to.
achieve localized grafting are diffusion of
the monomer to the active sites and dose
rate. Since the monomer must diffuse into
the fiber from the outside, the diffusion
control also leads to control of the location
of the graft.
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Preswelling of the fiber not only increases
‘the rate of diffusion of the monomer into
the fiber but also may result in a higher
initial monomer concentration in the fiber,

By judicious control of the swelling con-
ditions, the time of contact between the
fiber and the monomer, and the dose rate,
it becomes possible to locate the graft at
various depths in the fiber. In this paper,
the PET/COT (65/35) blend was preswollen
in carbon tetrachloride, at 60°C, zhrs, and
then placed in the mixed solution contain-
ing flame retardant. Subsequently the trea-
ted sample was padded and was irradiated
with electron beams.

3. Grafting Techniques

An electron accelerator (High Voltage
Engineering Corporation) with a maximum
beam current of 25 mA and operated at
300, 000V was used in this work. This equ-
ipment utilized a vertical beam (X-scan
129, Y-scan 70%). The samples were laid
-on a conveyor, so that the samples were
irradiated by the suitable doses.

Most of work was done with samples
5% 10cm in size, and conducted on preswollen
fabric. Irradiations were carried out in
nitrogen or air-filled polyethylene-bags. The
beam current and conveyor speed were
varied from 0 to 15mA and 9.4 to 29.2cm/
sec, respectively. The dose obtained with
those variations was a linear function of
the ratio of beam current to conveyor speed
as previously established?®, The operation
-current-speed curve was used to calculate
delivered dose for all experiments.

The treated samples (5X10cm) were pre-
swollen in carbon tetrachloride (7-2¢hr at
30°-70°C) and then impregnated in a 22%
flame retardant mixture solution. The

mixture solution contained 2% of Moropol
1,000 (softner) and N-methylol acrylamide.
Following the swelling procedure, the sam-
ples were removed from the solution, padded
100% of pick up percent, and then placed
in polyethylene bag under nitrogen or air,
weighed and irradiated.

In the case of grafting under high dose
rate (Mrad/sec) of electron beams, instead
of two step processing at high temperature,
one step processing at room temperature
was modified for localized grafting of Fyrol
76 upon polyester/cotton blend fabric.

4. Oxygen Index

Since the samples in the initial phase of
this work were in the form of fabrics, it
was necessary to develop a modified tech-
nique for measuring the Oxygen Index (OI)
of these materials. The development of the
sample-holder and the procedure for meas-
uring the OI has been described?®, The
procedure permitted not only the determin-
ation of the OI values, but also an estima-
tion of the char yield as the material bur-
ned in the tester.

This procedure was also applied to the
evaluation of the various grafted fabric
samples.

5. Differential Thermal Analysis

The DTA instrument used in this work
was a Setaram (Lyon, France). The decom-
position point was taken as the temperature
which curve goes through the maximum of
the peak.

10mg of sample was capped in a platinum
cup and the other platinum cup which is
packed with Al,O; was used for reference.

The analyses were conducted in a atmo-
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sphere at a programmed heating rate of
5°C/min.

Results and Discussion
1. Effect of Dose

When Fyrol 76 was grafted onto PET/
COT (65/35) blend fabric at room temper-
the percent graft and conversion
increased with dose (see Table1, Table2).

It is shown in Table 1 that the percent
graft was 2,6% at 0.5 Mrad and 17.1% at
10.4 Mrad. Such results suggested that
while macro radicals of PET/COT blend
(65/35) was produced by the amount of the
dose, most of macro radicals were combined

ature,

with the monomer radicals and macro

radicals were partially crosslinked.

As can be seen from the Table 1 the first
ten cycles laundry were sufficient to remove:
a small portion of the flame retardant in
some cases.

It is interpreted that the flame retardant
was diffused into the core of the swollen
fabric and core grafting was occured, so
that the chemical bonding between fabric
and flame retardant was not easily destro-
yed by the washing. It is seen from the
results that the higher the total dose, the
higher the grafting efficiency.

Effect of radiation dose on the grafting
of Fyrol 76 onto polyester/cotton blend
fabric (65/35) at room temperature is shown
Table 2.

As shown in Table 2, the percent graft

Table 1. Effect of Radiation Dose on the Grafting of Flame Retardant onto Polyester/Cotton

Blend Fabric, at 15°C

After 10 home

Total dose, Pick up of Conversion, Apparent Graft wash cycles
Mrad monomer, % % graft, % efficiency,% Apparent graft, %

0.5 36.4 9.6 26 | 271 2.8

1.0 35.9 12.8 4.6 36.0 4.2

2.2 36.0 21.7 9.5 43.8 7.3

3.2 36.7 20.5 8.4 41.0 6.2

7.5 36.2 30.2 13.5 44.7 9.1

10.4 36.7 36.3 17.1 47.1 11.6

Preswelling: 1,2-Dichloroethane, 60°C, 1hr,

Impregnation: 30°C, 2hr.

Monomer Mixture: Water/Moropol 1000/Fyrol 76/MAM (60%)=50/4/22/24 (w/w).

Table 2. Effect of Radiation Dose on the Grafting of Fyrol 76 onto Polyester/Cotton

Blend Fabric (65/35) at 15°C.

After 10 home

Total dose, Pick up of Conversion, Apparent Graft ‘ wash cycles
Mrad monomer, % % graft, % efficiency, % Apparent graft,%

0.5 37.1 10.4 3.7 35.5 3.8

1.0 35.4 12.9 5.6 43.4 5.0

2.2 36.2 20.8 9.1 43.7 8.0

3.2 35.6 19,9 7.3 36.7 7.3

7.5 38.0 29.7 11.6 39.1 9.8

Preswelling: Chloroform, 60°C, ihr.

Impregnation: 30°C, 2hr.

Monmer Mixture: Water/Moropol 1000/Fyrol 76/MAM (60%) =50/4/22/24 (w/w).
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was increased with the radiation dose.

The general graft mechanism discussed
above may contribute to further advance-
ment in a new technology for the graft of
flame retardants and the new technology
for the process may bring about a new
point of view in the study of solvation of
polymers.

Table 3 illustrates the effect of radiation
dose on the grafting of trimethylol propane
triacrylate onto polyester/cotton blend fab-
ric, which is treated with the mixed solut-
ion of 10% Br. and 15% KBr. It was found
from the results that the percent graft was
increased with increasing dose, but content
of bromine in the polyester/cotton blend
fabric was decreased with increasing dose.

It is considered that the double bonds of
trimethylol propane triacrylate which is
grafted onto the blend fabric are decreased
with increasing does and then bromination
reaction which can be occured through the
substitution reaction is occured in the und-
estroyed double bonds.

2. Effect of Oxygen on Grafting

When graft copolymerization was induced
by r-ray of low dose rate in the atmosphere,
the graft copolymerization was influenced
by the oxygen®¥,

The treated samples were irradiated with
electron beams in nitrogen or ambient air
to examine the effect of oxygen at high
dose rate., The data are shown in Table 4.

The percent graft onto polyester/cotton

blend fabric in air was almost equal to the
percent of grafting in nitrogen.

It is considered from such a result that
oxygen has no sufficient time to attack
the propagating radicals because of the
short irradiation time at high dose rate.

Table 3, Effect of Radiation Dose on the Grafting
of Trimethylol Propane Triacrylate onte
Polyester/Cotton Blend Fabric at 15° C,

“Pick up % of Brom-

Total Convers- | Apparent|;
ol AN a0 G
% ination
0.5 51.7 38.8 35.3 15.2
1.0 52.2 46.8 42.4 13.1
2.2 49.4 43.4 41.4 9.6
3.2 52.4 47.6 45.9 9.9
5.2 51.9 50.6 49.3 8.6
7.5 51.5 50.4 48.8 7.9

Preswelling: 1,2-Dichloroethane, 69°C, 1hr,

Impregnation: 30°C, 2hr.

Monomer Mixture: Trimethylol Propane Triacry-
late/CH;OH=60/40 (v/v).

Table 4. Effect of Oxygen on Grafting

Graft %
Total Dose
*N, **Ajr
1.0 Mrad 5.6 4.8
2.2 Mrad ! 14.7 13.1
4.4 Mrad 19.5 17.6

* N, : Nitrogen Atmosphere

** Air : Atmosphere
Preswelling : 1, 2-Dichloroethane, 70°C, 1hr.
Impregnation : 30°C, 3hr.
Monomer Mixture : Water/Moropol 1000/Fyrol

76/MAM (60%)=50/4/22/24 (W/w).

Experiment Temperature : 25°C

Being clear that there was little effect of
oxygen at high dose rate used, it is thought
that grafting reaction under the atmosphe-
ric condition can be conducted in mass

production system.
3. Effect of Preswelling Agents

The studies with many different polymer-
monomer grafting systems demonstrated the
great importance of the swelling in radia-
tion grafting.

Diffusion in radiation grafting process
plays a dual role: i) it controls the chain
growth via diffusion of monomer to the
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Table 5. Relationship of Preswelling Agent, Preswelling Temperature and Time on Grafting,

\ Preswelling agent Graft %

Preme | LEDE| bemsene | Chloroform| CATbRR 6] Dimethy kel n-Butanol
30°C, 20hr 1.1 1.4 0.7 1.8 1.2 1.2
50°C, 20hr 1.8 1.0 1.8 1.0 1.7 1.0
70°C, 4hr 0.5 0.9 0.1 1.0 0.5 0.6
70°C, 7hr 2.2 1.6 1.7 2.9 1.7 2.8

Irradiation Dose : 7.5 Mard

growing chain end, and ii) it controls ter-
mination via diffusion (combination) of two
polymeric systems. Another consequence of
diffusion control is that the grafting often
tends to be concentrated in the surface
regions, particularly in poorly swollen sys-
tems, or in systems with high dose rates.
The swelling behavior of polyester/cotton
blend in different solvents was an impor-
tant factor.

A series of experiments was conducted
using different preswelling agents to explore
their effect upon grafting yield. The pres-
welling agents, their § values, preswelling
time, preswelling temperature, and grafting
vyield are illustrated in Table 5 and Table 6.

As shown in Table 5, the percent graft
was increased with increasing temperature
and time. It is supposed that the grafting
yield with these preswelling agents is due
to their efficient induction of crystallinity
and density changes in the amorphous
regions of polyester/cotton blend.

Of the preswelling agent used, carbon
tetrachloride was proved the best swelling
agent for grafting in Fyrol 76.

By comparing Table 1 with Table 5, when
Fyrol 76 with N-methylol acrylamide was
grafted, the percent graft was 13.5% and
when only Fyrol 76 used, the percent graft
was 2.9%.

Thus it is found that using N-methylol
acrylamide is efficient for this proceeding.

Table ¢. Effect of Preswelling Agent on Grafting

Yield
ling [SOMubility | & 2o

Preswelling Agent Egilrlxltl,l‘gc paragneter 3{:1 d,ug
Ethylene 84 9.8 2.2
n-Butanol 117 10.6 2.8
Chloroform 61 9.3 1.7
Dimethyl
formamide 153 10.6 1.7
Carbon
tetrachloride - 77 8.5 2.9
Bromobenzene 152 9.9 1.6

For the experiment, instead of two step
processing at high temperature, one step
processing at room temperature has been
developed for the grafting of Fyrol 76 on
65/35 PET/COT blend fabric.

4. Oxygen Index versus Graft Yield of Flame
Retardant

Data on grafted Fyrol 76, grafting yield
versus Ol is depicted in Figure 1. The initial
rapid increase in Ol with percent grafting
yield start to slow down after about 10%
Fyrol 76. The results would seem to indicate
that the maximum OI achievable with Fyrol
76 on 65/35 PET/COT blend is in the vici-
nity of 29,

5. Thermal Stability versus Flame Retardance

The thermogram of blend fabric treated
with Fyrol 76 is shown in Fig. 2.
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Fig. 1. Oxygen Index vs. Fyrol 76 percent
Grafting Yield

Thermal behaviors of copolymers of PET
/COT blend fabric treated with Fyrol 76
were examined by differential thermal an-
alysis and are shown in Fig. 2.

As the copolymer contained more Fyrol
76, its decomposition temperature increased
accordingly.

It's glass transition temperature was
ranging from 86°C to 150°C.

Conclusion

To get a better flame retardance effici-
ency by the localized grafting of Fyrol 76
onto polyester/cotton blend fabric, a tech-
nique of one step processing at room tem-
perature was developed substituting the
ordinary two-step processing at high tem-
perature. So we can save the energy, time
and labor by using one step processing and
make mass production possible.

Of the preswelling agent used, carbon
tetrachloride was proved the best swelling
agent for grafting in Fyrol 76.

The glass transition temperature of PET
/COT blend fabric treated with Fyrol 75

was changed from 86°C to 150°C and the
Oxygen Index of that PET/COT blend
fabric was 29.

It is considered that the PET/COT blend
fabric treated with Fyrol 76 has the desi-
rable thermal stability.

.8
£
£
[}
=2 108
=
A 6107
88%
0 100 200 300 400 30 @0 70

Temperature. C

Fig. 2. Thermogram of Blend Fabric Treated
with Fyrol 76
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