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APPARATUS AND PROCESS FOR THE FLAME-RETARDANT TREATMENT OF TEXTILES

Apparatus for the effective flame-retardant treatment of textiles

includes a chamber (1), entry (12) and exit (13) points for the
fabric, a duct (13) located within the chamber (1) for the passage of
a gas including ammonia through the textile, recycling means (6; 7; 8)
to remove at least some of the gas and return it to the chamber,
together with sampling means (15) to monitor the ammonia level within
the chamber. Preferably, the fabric passes, in a serpentine manner,
over a plurality of rollers (4) within the chamber (1). The chamber
may also have a sloping roof (5) to prevent condensed liquid from

dripping on to the fabric and a gully (10) to collect the condensed
liquid.

The initial concentration of ammonia is set at between 70% and 90% 1in
order to provide a reservoir of ammonia to compensate for higher
ammonia take-up by the fabric at lower temperature.
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APPARATUS AND PROCESS FOR THE FLAME-RETARDANT TREATMENT OF TEXTILES

This invention relates to an apparatus for use in the flame
-retardant treatment of textiles, in particular cellulosic textiles
and to a process employing said apparatus.

Cellulosic textiles are generally rendered flame-retardant by
impregnation with an aqueous solution of a tetrakis (hydroxyorgano)
phosphonium (THP) composition. The THP composition may be a THP salt,
a partly-neutralized derivative thereof or a condensate with a
nitrogen- containing compound such as urea. Impregnation with the THP
composition is followed by drying and curing with ammonia gas to
produce a cured, water- insoluble polymer in association with the
textile. The ammonia gas may be passed directly into a chamber
through which the textile fabric passes, or, preferably, the ammonia
gas is forced through the fabric inside the chamber. In our earlier
patents GB-A-1439608 and GB-A-1439609, there are described preferred
apparatus, which consists of a closed chamber, entry and exit seals
thereto through which the fabric moves, a duct Tocated in the chamber
and having one or more orifices through which gaseous ammonia issues
and subsequently passes through the fabric passing over each orifice,

the chamber having means to prevent condensed water from dripping on
to the fabric.

The apparatus has several disadvantages, notably it is not capable of
giving a satisfactory cure at processing speeds in excess of about 20
metres/minute; the level of curing can sometimes be less than ideal so
that retreatment of the fabric may be necessary; and the relatively
large amounts of ammonia which are used result in the loss of ammonia
to the atmosphere, with resultant atmospheric poliution.

The present invention provides an improved apparatus which is capable
of operating at higher processing speeds; which gives a consistently
high level of curing efficiency whichis not susceptible to variation
with wide variations of processing parameters such as fabric speed,
fabric moisture content, ammonia concentration, and curing
temperature; and which utilizes an optimal amount of ammonia for
achieving the cure so that the quantities of ammonia employed are
considerably reduced and environmental pollution is minimised.
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Accordingly, the present invention provides, in one aspect, an apparatus
for the flame-retardant treatment of a cellulosic fabric by subjecting the fabric to
the action of a gas including ammonia, in which said apparatus comprises a
chamber, an entry into and an exit from said chamber for said fabric, at least
one duct located in said chamber and having at least one orifice which (or the
totality of which) extends over the width of the fabric, means to cause the fabric
to travel in contact with said duct and over said orifice, means for measuring
the rate of ammonia fed into the chamber, recycling means adapted to remove
at least some of said gas from the chamber and to return gas thereto, means for
analysing the ammonia content of the gas, and means for measuring the
temperature within the chamber.

In a second aspect, the present invention also provides a process for the
flame-retardant treatment of a cellulosic fabric, the process consisting
essentially of: (a) impregnating the fabric with an aqueous solution of a
tetrakis (hydroxyorgano) phosphonium (THP) composition selected from the
group consisting of (i) THP salts; (ii) partially-neutralized THP salts; (iii)
mixtures of THP salts and nitrogen-containing compounds; and (iv)
precondensates of THP salts and nitrogen-containing compounds; the solution
containing from 5% to 50% by weight of (THP)* ions; (b) at least partially
drying the impregnated fabric; (c) contacting the at least partially dried
impregnated fabric with a gas including ammonia in an apparatus, by passing
the fabric at a speed of 30 to 100 m/minute once through a chamber of the
apparatus and thereby subjecting the fabric to a single cure, the apparatus
comprising entry and exit points for the fabric, respectively into and out of the
chamber, and at least one duct located within the chamber, the at least one
duct having at least one orifice extending over the width of the fabric for
delivering the ammonia to the fabric, the fabric being in contact with the at
least one duct and being disposed over the at least one orifice, and wherein in
the step of contacting the fabric, both moisture contained in the fabric and
water produced as a by-product of curing, are volatilized and condensed on an

interior wall of the chamber, the condensed water flowing down the interior
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wall of the chamber to a drain for removal of the condensed water from the
apparatus; (d) measuring the rate of ammonia in the gas fed into the chamber,
determining the ammonia content of the gas and measuring the temperature
within the chamber, for maintaining the initial concentration of ammonia in the
gas in the range of 70% to 90% by volume and for maintai'ning the ratio of
ammonia input to the THP composition in the range of at least 1.2 to 1, on the
basis of ammonia to phosphorus; (e) withdrawing the treated fabric from the
chamber; (f) removing at least some of the gas from the chamber; and (g)
recycling at least some of the gas back into the chamber; and wherein the
process further comprises heating the ammonia before contacting the fabric, to
a temperature of 10 to 120°C.

The present invention also provides a fabric which has been treated in
the apparatus, and a fabric which has been rendered flame-retardant according
to the process, both as hereinabove described.

The essential features of the process are that the ammonia feed rate is
precisely controlled relative to the amount of fabric being processed and that
the curing chamber is pre-filled with ammonia to provide a reservoir of
ammonia to allow for any slight variation in the ammonia usage relative to the
ammonia input. Under these conditions the temperature in the chamber
gradually increases and the concentration of ammonia in the chamber
gradually decreases until they both reach a steady-state condition. When this
steady state is reached the ammonia usage is in balance with the ammonia
input, which has been adjusted to ensure complete polymerisation of the THP

compound with minimal carry-over of unreacted ammonia.
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It 1s not essential to control the precise ammonia concentration
or the chamber temperature at the steady-state condition. By always

starting from a lower temperature and a higher concentration of
ammonia we ensure that at the steady-state, i.e until a balance is
achieved we ensure that curing is complete although this means that
there is a slight carry-over of excess ammonia.

tach of the exit and entry points for the fabric is preferably
sealed, in a substantially gas-tight manner, by means of flexibie
(e.g. rubber) seals or flaps. In the chamber there is at least one
duct for conveying ammonia gas into the chamber, the duct having at
least one orifice or perforation through which the ammonia passes into
the atmosphere of the chamber, by way of the fabric moving over the

crifice or perforation. Each perforation may be of round, square,
rectangutar or elliptical shape, and may be, for example, in the form
of a series of slots or a single slot. Preferably, the orifices
extend across substantially the whole width of the fabric, whereby
substantially all the ammonia passes through the fabric.

In order to process fabrics of different widths, it is thus
preferred to have suitable plates or covers to close those portions of
the orifices not covered by the narrower fabrics. The chamber may
contain from one to four ducts, each with one or more orifices
emitting ammonia through the fabric. Preferably, means are provided
to maintain the contact-angle between fabric and orifice at less than
60°. While the duct or ducts may be located anywhere in the chamber,
they are preferably at a location such that the ammonia is forced
through the fabric shortly after the fabric enters the chamber. As
weil as treatment with ammonia forced through the fabric at the ducts,
the fabric also preferably passes through the atmosphere of ammonia
gas and water vapour which will be present in the chamber. The
chamber is preferably fitted with a plurality of rollers, which may be
powered or idling, so that the fabric can pass in a serpentine
configuration over the rollers. After passage through the atmosphere
in the chamber the cured fabric leaves the chamber via the exit point.
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The fabric entering the chamber generally contains some moisture
and the curing reaction also produces water as a by-product; this
water, together with that entering in the fabric, volatilize in the
chamber as steam, owing to the heat of the curing®reaction. The steam
concentration in the chamber is preferably kept to a minimum, and this
may be achieved by allowing condensation of the steam on the internal
walls of the chamber, preferably associated with means to preveni
condensed water from dripping on to the fabric. This prevention means
may comprise a sloping roof to the chamber, together with means for
collecting the condensed water at the bottom of the chamber without
contact with the fabric, such as a circumferential gully or drain.

The condensed water may be retained within the chamber but 1s
preferably continuously removed from the chamber. The gases 1in the
chamber, comprising ammonia and steam, may be passed outside the
chamber by way of an exhaust pipe and subsequently returned to the
chamber at a position remote from the exhaust pipe, preferably in the
lower portion of the chamber. The return may be by way of a perforate
duct over which the fabric passes, but preferably by way of a
perforate pipe emitting the gases into the atmosphere of the chamber.
Advantageously the exhaust pipe is located in the chamber near one or
more of the ducts carrying the orifices through which fresh ammonia 1is

forced through the fabric, as this is the location of the maximum heat
and steam emission.

The ammonia duct and exhaust pipe are preferably both located in
the upper portion of the chamber, while the return pipe is preferably
located in the lower portion of the chamber. Alternatively, the
ammonia duct or the exhaust pipe may be located in the lower portion
of the chamber. The exhaust and return of gases may be in association
with means to condense water in the chamber, but in addition (or
alternatively) the exhaust gases may be passed through a cooler to
reduce their water content prior to return of the gas to the chamber.
The gas returning to the chamber may be at about the same temperature
as that leaving via the exhaust pipe but is preferably cooler. When
the gases are cooled externally, the chamber may be fitted with a
heated jacket to reduce condensation in the chamber.
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A cooling jacket may also be used to increase condensation on the chamber
walls, thereby reducing or eliminating the need for external condensation
means. However, the recycle exhaust and return line for the ammonia would
still be present in order to render more uniform the ammonia concentration
within the chamber. The apparatus of the present invention also contains
means for sampling the atmosphere within the chamber, in order that
appropriate adjustments may be made to the input feed rate for ammonia, to
ensure that a steady ammonia concentration is maintained.

The chamber is preferably mounted on a base which defines a lower
compartment, with which the chamber fabric entry and exit points are in
substantially gas-tight contact. This lower compartment is also provided with
fabric entry and exit points, together with a compartment exit vent, which
preferably is under the reduced pressure of an external suction fan.

To use the apparatus the cellulosic fabric is first impregnated with a
tetrakis (hydroxyorgano) phosphonium composition. The cellulosic fabric is
oreferably substantially all cellulosic but may comprise cellulose fibres and
other fibres coblendable or coweaveable therewith. The non-cellulosic fibres
are preferably polyester or polyamide fibres but may also be acrylic (especially
modacrylic fibres). The polyamide fibres may be aliphatic, such as copolymers
of alkylene diamines and alkylene dicarboxylic acids (eg. Nylon 66*) or
polylactams (such as Nylon 6*), or may be aromatic, such as aramid, based on
aromatic dicarboxylic acids and phenylene diamines.

The fabric can contain at least 30% of cellulosic fibres and up to 70% of
coblendable fibres (e.g. 10-70% and especially 25-60% of coblendable fibres),
such as polyamide fibres. Particularly important blended fabrics are those
containing cellulosic fibres and polyester fibres. The blended fabric suitably
contains up to 70% (e.g. up to 60%) of polyester fibres and from 30%, e.g.
from 40% upwards, of cellulosic fibres (e.g. 1-70% or 1-60%, such as 15-60%,
particularly 22-38% or 38-60% polyester fibres and 30-99% or 40-99% such as
40-85%, particularly 62-78% or 40-62% cellulosic fibres).

* - Trade-marks
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Blended fabrics comprising 40-78% cellulosic fibres and 22-60%
polyester fibres or 30-62% cellulosic fibres and 38-70% polyester
fibres are preferred. The cellulosic fibres are preferably natural

cotton, but may be ramie, flax or regenerated fibres e.g. viscose Or

The polyester may be a condensation product

cuprammonium fibres.
(e.g. a dihydric

containing structural units from an aliphatic alcohol
alcohol such as ethylene glycol) and an aromatic dicarboxylic acid

(e.g. terephthalic acid).

but is preferably woven. The

The fabric may be non-woven,
non-intimate

cellulosic and other fibres may be an intimate or
mixture, but the fibres are preferably 1in the form of a blend of
cellulosic fibres and other fibres {e.g. polyester fibres), as in a

n blend such as cotton/polyester stapie fibre. Alternatively,

cospu
rn, with a core of, for

the fibres, may be in the form of core spun ya
example, polyester sheathed in cotton fibres. In a fabric, the warp

and weft fibres are preferably the same, but may be different e.g. one
may be of cotton fibres and the other of polyester/ cotton fibres.
Thus in this specification the term "blend" also includes unions and
union/blends as well as core sheath fibres. The fabric 1is preferably

one with a weight of 100-10009/m2 e.g. 150~4OOg/m2, such as cottion

polyester shirting or sheeting or curtain fabric.

In the tetrakis (hydroxyorgano) phosphonium compound, each
hydroxyorgano group is preferably an alpha-hydroxyorgano group having

crom 1 to 9 carbon atoms, especially one of formula HOC(RIRZ) -

wherein each of Rl and RZ (which may be the same Or different)

ydrogen or an alkyl group having from 1 to 4 carbon a
Preferably Rl is hydrogen and especially both

(hydroxymethyl) phosphonium

represents h toms,

e.g. methyl or ethyl.
R} and RS are hydrogen, as in tetrakis

compounds.

The use of tetrakis (hydroxyorgano) phosphonium compounds 1n general

he i1lustrated with respect 10O tetrakis (hydroxymethyl)
but corresponding molar amounts of other

ds may be used.

will hereafter
phosphonium (THP) compounds,
tetrakis (hydroxyorgano) phosphonium compoun
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The THP composition is preferably a THP salt mixed with a nitrogen-
containing compound condensable therewith, such as melamine, methylolated
melamine or urea, or a precondensate of said THP salt and said nitrogen-
containing compound, or a THP salt or at least paﬁf1y neutralized THP salt,
e.g. THP hydroxide, with or without said nitrogen-containing compound.

The THP composition is preferably a precondensate of a THP salt, (e.g.
THP chloride or THP sulphate and urea, in a molar ratio of urea to THP of
0.05 to 0.8:1, e.g. 0.05 to 0.6:1, such as 0.05 to 0.35:1 or 0.35 to 0.6:1,

and is in aqueous solution, usually with a pH of 4 to 6.5 e.g. 4 to 5.

The concentration of organophosphorus compound in the aqueous
impregnating solution may be 5 to 50% (expressed by weight as THP™
jon), e.g. 15 to 35%, especially 15 to 25%. If desired, the solution
may contain a wetting agent, e.g. a nonionic or anionic wetting agent.

The fabric is impregnated with the THP solution and the wet
fabric squeezed to a wet-pick up of 30 to 130%, e.g. 60 to 100% (based
on the original weight of the fabric). The fabric after impregnation
usually has an organophosphorus pick-up of less than 40% e.g. 10 to

40% such as 10 to 30% (e.g. 15 to 30% and especially 15 to 25% as THPY
ion), based on the original weight of the fabric.

The impregnated fabric is then dried e.g. to a moisture content of
0 to 20%, e.g. 5 to 15%, such as about 10%, the percentage being
calculated from the increase in weight of the fabric and the weight of
chemicals impregnated. The drying may be in a stenter oven or over

heated cans e.g. steam cans and may involve heating at 80 to 120°C for
10 minutes to 1 minute.

The dried fabric then enters the apparatus of the present
invention where it is cured with ammonia. Preferably, the fabric
passes through the lower compartment fabric entry point, then through
the lower compartment and finally enters the chamber via the chamber

entry point. The fabric is then passed over the orifices and ammonia
is forced through 1it.



- 8- 2048502

Subsequently the fabric travels through the ammonia/water vapour
atmosphere in the chamber, prior to leaving via the fabric chamber
exit point, and (if present) through the lTower compartment and lower
compartment fabric exit point. |

When the operation is started, the chamber is filled with ammonia
which displaces the air through the fabric entry and exit points and
also though additional vents in the base of the chamber which may be
provided for this purpose, until the ammonia concentration 1s at
least 40% by volume (as determined be means of the sampler and
analyzer). The initial ammonia concentration is preferably set at a
high level (70% to 90%), in order to provide a reservoir of ammonia
which is used to compensate for the higher ammonia usage during the
initial warm-up period.

The fabric is then passed through the chamber using an ammonia
feed-rate calculated to provide sufficient ammonia to ensure maximum
chemical reaction plus a small margin to allow for the loss of
unreacted ammonia. The molar relationship between the ammonia input
and the phosphorus in the THP composition on the fabric is at least
1.2:1 and preferably between 1.7:1 and 2.2:1 (when the THP composition
is a condensate of THP salt and nitrogen-containing compound such as
urea) or at least 1.7:1 and preferably between 2.2:1 and 2.7:1 (when
the THP composition is a THP salt per se or a partially neutralized
derivative thereof).

During the initial stage of curing the ammonia usage slightly
exceeds the ammonia feed rate and the cured fabric takes out from the
chamber an excess of unreacted ammonia. The ammonia concentration in
the chamber falls during this initial stage, but, provided that the
exposure time and the concentration remain sufficiently high, this
does not reduce the ammonia uptake by the fabric. Heat and steam are
produced in the reaction and the temperature within the chamber rises.
The ammonia uptake by the fabric drops as the temperature rises and
the chamber eventually reaches a steady-state condition.
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Under steady-state conditions the ammonia concentration and the

chamber temperature will remain substantially constant and the ammonia

usage will balance the ammonia feed-rate. The selected ammonia feed

~ate determines the ammonia usage, which is independent of the ammonia

concentration.

The cure chamber usually contains 1 to 20m (e.g. 10 to 20m) of

g at a speed of 5 to 100m/min (e.g. 30 to 100m/min and
The cure chamber contains sufficient
st 4 seconds and preferably

fabric, movin
especially 50 to 80m/min) .
fabric to give an exXposure time of at lea
10 seconds at the required fabric speed.

chamber should b
be fed per minute.
may be diluted with up to 30

gas issuing from the duct int
is preferably at a temperature below 100° C,

The fresh ammonia gas 1S preferably undiluted, but
% by volume of steam OF 2ir. The ammonia
o the chamber may be at 10 to 120°C but
eg 10 to 30°C.

After the cured fabric has left the cure apparatus, the fabric 1S

preferably treated with an oxidising agent in order 10 convert at
ivalent phosphorus in the THP composition to
£011owed preferably by

ase and washing with

least some of the tr
pentavaient ohosphorus in the cured resin,

neutralization with an aqueous solution of a b
water. The oxidizing agent 1s preferably a peroxy compound, such as

aqueous hydrogen peroxide solution. Alternatively, the oxidation may
be performed with a gas containing molecular oxygen, (preferably air)
and particularly by the gas being drawn or blown through the fabric.

Thus, the fabric can be passed over a vacuum s1ot or perforate tube

through which the oxidising gas is blown or sucked.

A preferred embodiment of an apparatus according to the present

invention will be i1Justrated, merely by way of example, in the
eference to the accompanying drawing.

following description and with r
tical section

In the drawing, there 1s shown schematically a ver

through the apparatus.
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The apparatus has an upper chamber 1 and a lower compartment 2.
Inside chamber 1 is a gassing tube 3 having perforations (not shown)
and rollers, exemplified at 4. Chamber 1 has a sloping roof 5, at the
apex of which is an exhaust pipe 6 leading from the chamber 1 via a
condenser (not shown) and an exhaust fan 7, through a gas return line
8 which leads back into the chamber. The chamber 1 has a dished floor
9 with an annular or circumferential gully 10 against the wall 1l of
the chamber 1. On either side of floor 9 are fabric entry 12 and
fFabric exit 13 slots, substantially sealed with rubber flaps 14.
Ammonia sampling point 15 is located in the upper part of chamber 1.

In the wall 11 of the lower compartment 2 there are provided a
fabric entry slot 16 and a fabric exit slot 17, and near to exit siot
16 a gas exit slot 18, leading to an exhaust fan 19. Compartment 2
also contains rollers 4.

Chamber 1 also preferably has one or more resealable panels (not
shown) which can be removed to allow access to the gassing tube and
rollers. Alternatively, the chamber may be made 1in two parts, one of
which may be removed to allow access.

In use impregnated fabric enters the apparatus via slot 16,
compartment 2, entry slot 12 and thence into chamber 1. The fabric
passes over gassing tube 3 through whose perforations ammonia issues
through the fabric. The fabric then passes over the rollers 4 through
the atmosphere of ammonia and steam and thence out of chamber 1 via
exit slot 13 compartment 2 and exit slot 17. Ammonia steam is if
desired sucked by a fan 7 out of chamber 1 via exhaust pipe 6 and if
desired water is condensed by a condenser (not shown) before the gas
is returned by line 8 and is emitted into chamber 1:; any condensate
leaves via a condensate line (not shown).

Steam condenses on walls 11 and is collected in gully 10, from
which it is periodically drained (by means not shown). Any excess of
ammonia, together with entrained air and residual water vapour, leaves
chamber 1 via the fabric entry and exit slots 12 and 13 and, with any
entrained air and ammonia from the exiting fabric, are sucked out of
compartment 2 via slot 18.
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The process of the present invention is illustrated by way of the
following Examples:

Example 1

A precondensate of tetrakis (hydroxymethyl) phosphonium chloride

(THPC) and urea was prepared, having a molar ratio of urea to THPC of
0.5:1.0. The precondensate was diluted with water to give a solution
containing the equivalent of 25% THPT ion. A bleached white cotton
drill, weighing 280 g/mz, was padded through this solution to give
approximately 80% wet pick-up. The fabric was dried for 1 minute at
100°C. It was then cured in a scaled-down version of the apparatus
holding 1.2 metres of fabric 0.45 metres wide, using an ammonia input
rate of 1.7:1 ammonia to phosphorus and an exposure time of 14.4sec.
The ammonia concentration in the apparatus was adjusted to different
levels before curing commenced. The cured fabric was jig-washed in a
cold solution of 55g/1 hydrogen peroxide, then in 2g/1 sodium
carbonate solution at 60°C, and finally in cold water before drying.

Samples were taken after curing and after final drying and analysed

for phosphorus and nitrogen content. The results are given in TABLE 1
(below) .

TABLE 1

% Ammonia concentration N/P increase on cure % P efficiency
40 1.66 91.7
50 1.64 92.3
95 1.64 91.4
65 1.69 92.3

75 1.67 ' 91.7
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Example 2

5 metre lengths of drill fabric were treated as described in Example 1

but using instead a bath containing the equivalent of 22.5% THPT ion,

an exposure time of 24secs., and an initial ammonia concentration of

80%. The ammonia input rate was either 1.7 to 1 or 2.2 to 1 ammonia

to phosphorus. With an input ratio of 1.7:1, the ammonia

concentration fell to 69%, but with an input of ratio of 2.2:1: the

ammonia concentration remained constant at 80%. Samples were taken

from both ends of each fabric and the results are given in TABLE 2 (below).

TABLE 2
Ammonia/P ratio Ammonia conc. N/P increase %P efficiency
on cure
1.7 start 80 1.85 93.6
1.7 end 69 1.84 89.9
2.2 start 80 1.85 91.9
2.2 end 80 1.83 93

Example 3

A precondensate as described in Example 1 was diluted to 27.7% THP*
ion content. 1000 metres of dyed cotton drill weighing 266/gm2 and
1.52 metres wide was padded through this solution fto give a wet
pick-up of 70.3%. The fabric was dried on a four-bay stenter to about
12% moisture content. It was then cured in the cure apparatus
(holding 13 metres of fabric). Initially the ammonia concentration
was 76%, the speed was set at 32 metres/min and the ammonia flow-rate

at 2.2 NHy/P. During this stage the temperature rose to 60°C and the
ammonia concentration fell to 6/% before rising to 69%.

The processing speed was then increased to 39 metres/min and the relative
ammonia flowrate reduced to 1.8 NHy/P. The temperature continued to rise

to 77°C and the ammonia concentration first fell to 68% and then rose to
83%.
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The fabric was then washed with hydrogen peroxide, soda ash and water in a
continuous wash range and dried.

13 samples were taken at requiar intervals throughout the run. All the
samples met the requirements of BS 6249 Class B both before and after 50
washes at 93°C as specified in DIN 53920 clause 4.1. The mean phosphorus

content of the treated samples was 2.92% with a coefficient of variation of
only 5.3%.

Example 4

1000 metres of drill fabric was treated as described in Example 1, but with
a bath containing 27.0% THPT ion and a wet pick-up of 74.2%. Curing
commenced with an ammonia concentration of 68% and with a speed of 40
metres/min and an ammonia flowrate of 1.8 NH3/P. The temperature rose to
73°C and the ammonia concentration fell to 36% before rising back to 53%.

17 samples were taken from throughout the run. All the samples met the
requirements of BS 6249 Class B both before and after 50 washes at 93°C as
specified in DIN 53920 clause 4.1. The mean phosphorus content of the
treated samples was 2.67% with a coefficient of variation of only 3.3%.

Example 5

500 metres of white cotton sheeting weighing 1789/m2 and 1.52 metres wide
were treated as described in Example 4 but with a wet pick-up of 92.9%.
Curing was carried out immediately after the process of Example 4, so that
the starting conditions were ammonia concentration 53%, temperature 73°C,
speed 40 metres/min and ammonia flowrate 2.16 NHy/P. The temperature
remained steady at 73 to 74°C but the ammonia concentration rose to 82%.

10 samples were taken from throughout this run. All the samples met the
requirements of BS 6249 Class B both before and after 50 washes at 93°C as
specified in DIN 53920 clause 4.1. The mean phosphorus content of the
treated samples was 2.83% with a coefficient of variation of only 2.5%.
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Example 6

1000 metres of drill fabric were treated as described in Example 4 but with
cooling of the recirculated gases. The bath contained 26.2% THP™ jon and
the wet pick-up was 84%. The initial ammonia concentratibn was 82%, the
curing speed was 48 metres/min and the ammonia flowrate was 1.7 NH3/P. The

temperature rose to 67°C and the ammonia concentration fell to 52% before
rising to 55%.

8 samples were taken from throughout this run. All the samples met the
requirements of BS 6249 Class B both before and after 50 washes at 93°C as

specified in DIN 53920 clause 4.1. The mean phosphorus content of the
treated samples was 2.85% with a coefficient of variation of only 4.7%.

Example 7

3500 metres of narrow width cotton sheeting weighing 178 g/m2 and 0.96
metres wide was treated as described in Example 6 but with a bath
containing 30.2% THP' ion and a wet pick-up of 68%. The initial ammonia
concentration was 78%, the curing speed was 52 metres/min and the ammonia

flowrate was 2.1 NH3/P. The temperature rose to 58°C and the ammonia
concentration fell to 37% before rising to 43%

11 samples were taken from throughout this run. All the samples met the
requirements of BS 6249 Class B both before and after 50 washes at 74°C as
specified in BS 5651:1989 clause 6.5.3. Washed samples were also recorded
as not ignited when tested by BS 7175 Section 3: Ignitability of
individual Bedcovers, when using ignition sources 0, 1 and 5. The mean

phosphorus content of the treated samples was 2.79% with a coefficient of
variation 9.2%

Example 8

9000 metres of narrow width cotton sheeting was treated as described in

Example 7, but with a bath containing 21.7% THPT jon and a wet pick-up of
81%.
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Curing was carried out in three batches with a curing speed of 53
metres/min and an ammonia flowrate of 2.1 NH3/P. For all three batches the
temperature rose to an equilibrium value of 58 to 60°C and the ammonia
concentration fell to within the range 45 to 50%. -

13 samples were taken from throughout this run. All the samples met the
requirements of BS 6249 Class B both before and after 3 washes at 74°C as
specified in BS 5651:1989 clause 6.5.3. The mean phosphorus content of the
treated samples was 2.54% with a coefficient of variation of only 3.8%.
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The embodiments of the invention in which an exclusive property or privilege

ic claimed are defined as follows:

1. A process for the flame-retardant treatment of a cellulosic fabric, said
process consisting essentially of:

(a) impregnating said fabric with an aqueous solution of a tetrakis
(hydroxyorgano) phosphonium (THP) composition selected from the group

consisting of

(1) THP salts;
(i1) partially-neutralized THP salts;
(iii)  mixtures of THP salts and nitrogen-containing
compounds; and
(iv)  precondensates of THP salts and nitrogen-containing
compounds; said solution containing from 5% to 50% by weight
of (THP)" ions;
(b) at least partially drying said impregnated fabric;
(C) contacting said at least partially dried impregnated fabric with a
gas including ammonia in ain apparatus, by passing said fabric at a speed of 30
to |00 m/minute once through a chamber of said apparatus and thereby
subjecting said fabric to a single cure, said apparatus comprising entry and exit
points for said fabric, respectively into and out of said chamber, and at least
one duct located within said chamber, said at least one duct having at least one
orifice extending over the width of said fabric for delivering the ammonia to
said fabric, said fabric being in contact with said at least one duct and being
disposed over said at least one orifice, and wherein in said step of contacting
said fabric, both moisture contained in said fabric and water produced as a by-
product of curing, are volatilized and condensed on an interior wall of said
chamber, said condensed water flowing down said interior wall of said
chamber to a drain for removal of said condensed water from said apparatus;
(d) measuring the rate of ammonia in said gas fed into said chamber,

determining the ammonia content of said gas and measuring the temperature
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within said chamber, for maintaining the initial concentration of ammonia in
said gas in the range of 70% to 90% by volume and for maintaining the ratio of
ammonia input to said THP composition in the range of at least 1.2 to 1, on the
basis of ammonia to phosphorus;

(e) withdrawing said treated fabric from said chamber;

() removing at least some of said gas from said chamber; and

(g) recycling at least some of said gas back into said chamber; and
wherein said process further comprise heating the ammonia before contacting

the fabric, to a temperature of 10 to 120°C.

2. The process of claim 1, wherein said fabric consists essentially of

cellulosic fibres.

3. The process of claim 1, wherein said fabric comprises cellulosic fibres
and other fibres, said other fibres being selected from the group consisting of
fibres co-blendable with cellulosic fibres and fibres co-weavable with cellulosic

fibres.

4. The process of claim 3, wherein said other fibres are selected from the
group consisting of:

(i) polyester fibres and

(i) polyamide fibres.

5. The process of claim 4, wherein said fabric comprises at least 30% by

weight of cellulosic fibres and up to and including 70% by weight of polyester
fibres.

6. The process of claim 3, wherein said other fibres are polylactam fibres.

7. The process of claim 2, wherein said cellulosic fibres are selected from

the group consisting of natural cotton, ramie, flax and regenerated fibres.
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8. The process of claim 5 wherein said polyester fibres consist essentially
of the condensation product of an aliphatic dihydric alcohol and an aromatic

dicarboxylic acid.

9. The process of claim 1, wherein said fabric is selected from the group

consisting of woven fabrics and core spun yarns.

10. The process of any one of claims 1 to 9, wherein said tetrakis
(hydroxyorgano) phosphonium (THP) composition has a hydroxyorgano group
of the formula HOC(R'R?, wherein R' and R?, which are the same or different,
are each selected from hydrogen and alkyl groups having from 1 to 4 carbon

atoms.

11.  The process of any one of claims 1 to 10, wherein said THP salt are
selected from the group consisting of THP chloride and THP sulphate, and said
nitrogen-containing compound is selected from the group consisting of urea,

melamine and methylolated rnelamine.

12.  The process of claim 11, wherein said THP composition is in a
concentration of 15% to 25% by weight of THP ion in the impregnating
solution.

13.  The process of claim 11 or 12, wherein said ratio is from 1.7:1 to 2.2:1.
14.  The process of claim 11 or 12, wherein said ratio is from 2.2:1 to 2.7:1.
15.  The process of any one of claims 1 to 14, which further comprises

contacting said fabric with an oxidising agent after the fabric leaves said

apparatus.
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16. The process of claim 15, wherein said oxidising agent is selected from
the group consisting of aqueous solutions of hydrogen peroxide and gases

comprising molecular oxygen.

17.  The process of claim 15 or 16, wherein, after oxidation, said fabric is

neutralized by means of an aqueous solution of a base.

18.  The process of claim 17, wherein said base is sodium carbonate.

19.  The process of claim 17 or 18, wherein after neutralization, said fabric is

washed with water and dried.

20. The process of any one of claims 1 to 19, wherein said tetrakis
(hydroxyorgano) phosphonium is tetrakis (hydroxymethyl) phosphonium; said
solution contains 15 to 25% by weight of (THP)* ions; and said ratio is 2.2:1 to
2.7:1.

21.  The process of claim 20, wherein the tetrakis (hydroxyorgano)

phosphonium composition contains THP hydroxide.

22.  The process according to any one of claims 1 to 21, wherein the fabric

travels at a speed of 50 to 80 m/minute.

23.  The process of any one of claims 1 to 22, wherein the contacting of the
at least partially dried impregnated fabric with gas including ammonia to
subject the fabric to a single cure, is accomplished at a temperature of 58 to

60°C. and an ammonia concentration by volume of 45 to 50%.

24.  The process of any one of claims 1 to 23 wherein the ammonia is

heated to a temperature below 100°C.
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25.  The process of claim 24 wherein the ammonia is heated to a

temperature above about 40°C.

26. The process of claim 25 wherein the ammonia is heated to a

temperature in the range of about 40°C. to about 60°C.

27.  The process of claim 26 wherein the ammonia is heated to a

temperature in the range of about 40°C. to about 50°C.
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