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OIney Medal Address

Textiles and the Chemical Industry: A Marriage
By HERMAN B. GOLDSTEIN. Chemical Division, Sun Chemical Corp., Chester, S. C.

ABSTRACT

At its national technical conference
last month in Atlantic City, AATCC
presented its OIney Medal for technical
and scientific achievenient to
Herman B. Goldstein, vice-president
of planning for the chemical division
of Sun Chemical Corp.

Following acceptance of the medal
and the $1,000 honorarium which
accompanies it, Goldstein presented
the traditional medalist's address. In it
he traces many of the outstanding
inventions and developments of the
past 100 years that have been mutually
beneficial to both the textile and the
chemical industries. Current approaches
to sonie of the problems faced by
hoth industries today are also
discussed.

KEY TERMS

Durable Press
Dust Control
Employee Health
Pollution
Solvent Preprinting
Wastewater Treatment

IN considering possible topics for
presentation on this occasion, the

supportive role of the chemical indus-
try for the textile industry kept re-
asserting itself as the dominant theme.
From the very early days when weav-
ing and knitting of textiles were mov-
ing out of the kitchen and were be-
coming large scale industrial pro-
cesses, the chemical industr>' was sup-
plying sizes and lubricants to make the
mechanical processes efficient, and
dyes and finishes to make the resultant
fabrics attractive. In effect, we've had
a happy marriage between the textile
and chemical industries, and although
it's difficult to perceive which is the
bride and which is the groom, the
overall effect has been mutually bene-
ficial, as in any successful marriage.

Let us then look at some of the de-
velopments which have worked for the
betterment of the textile industr\', and
see how the chemical industr>' partici-
pated in them.

History
In the early days, finishes were pre-

dominantly of a nondurable nature,
such as soaps, sulfated oils, starch
and talc. Such finishes were designed
to improve the esthetics and apparent
quality of the fabric at point of sale,
but usually their effects were lost en-
tirely after the first laundering. Fin-
ishes of these types are still used to
some extent on low-end goods, but it is
obvious that such finishes are not
likely to engender consumer loyalty.

With increasing consumer sophisti-
cation, the textile industr>' organized
itself to provide fabrics with improved
functional and esthetic effects which
would persist even after many wash-
ings or dr>'cleanings. A chronology'
limited to the last century of some of
the most noteworthy developments is
given in Table I. For purposes of
brevity, those innovations which have
had a long lasting effect and are of
commercial significance have been in-

Invention
Synthetic Spun Fiber
Synthetic Surfactants
Disperse Dyes
Compressive Shrinking
Nylon Fiber
Chloromethylated

Quaternaries
Polyester Fiber
False Twist Texturizing
Reactive Dyes

Table 1—Outstanding Developments

Reference Inventor
( i )
12)
(3)
{4)
(5)
(6)

(7)
(fl)
(9)

Perf lu orina ted Compounds (JO)
and Polymers

Soil Release

Count Hilaîre de Chardonnet
Günther (1. G. Farbenindustrie}
Baddiley et al. (British Dyestuffs Corp.)
Cluett (Cluett Peabcdy)
Carothers (duPont)
Rogers (I.C.I.)

Winfield et al. (Calico Printers)
Heberlein et al. (Heberiein)
Rattee et ai. (i.C.I.)
Sherman et al. (3M)

Marco (Deering Milliken)

Year
Introduced

1884
19X6
1923
1932
1937
1940

1946
1949
1954
1956

1966
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eluded, and some of the older classes
of dyestuffs have been arbitrarily
omitted.

Although many of these develop-
ments were originated by the chemical
industry, there were some important
exceptions conceived within the textile
industry itself. Ultimately, of course,
even in those latter cases, it fell upon
the shoulders of the chemical indus-
try to supply the chemicals needed to
put those processes into practice ef-
ficiently and economically.

It is readily apparent from examina-
tion of Table I that one important
group of developments has been
omitted. This is the group (Table 11)
comprising resins and crosslinkers.
These developments and their impact
on the textile industry merit comment.

First of all, the pioneering discovery
of Foulds, Marsh and Wood, while
they were employed at Tootal Broad-
hurst Lee {12, 23). deserves special
mention because, after all, their work
is the cornerstone on which all subse-
quent resin developments rest. To be
sure, Foulds and his colleagues incor-
rectly assumed that the beneficial ef-
fects they obtained resulted from the
formation of a resilient resin core
within the voids of the fiber. They
did not recognize the fundamental role
of crosslinking; moreover, they strong-
ly objected (18) to this concept long

H ERMAN B. GOLDSTEIN, the thir-
tieth recipient of AATCC's Olney

Medal, is vice president of planning for
the chemical division of Sun Chemical
Corp. Internationally recognized for his
work in developing permanent press fin-
ishes for cellulosic fibers, he has been
widelv published and is the inventor or

coinventor of a num-
ber of finishing pro-
cesses patented in
the United States and
other countries. He
began his career in
textile chemistry with
Providence Textile
Chemical Co. of
Providence, R. I.,
shortly after graduat-
ing with honors from
Brown University in

1940. He joined Sun Chemical as an
analytical chemist in 1944, serving suc-
cessively as technical director, manufac-
turing and research director, research
manager of the chemical group, general
manager of the chemical division, and
vice-president of planning. The Olney
Medal was established in 1944 to honor
Louis Atwell Olney, founder of AATCC
and its president from 1921 through 1927.

Invention
Anticrease
Durable Glazing (1'f)
Dimethylol (15)

Cyclic Ethyleneurea
Dimethylol s-Triazones (16)
Postcured Permanent Press (17)

Table II—Outstanding Developments

Reference Inventor
{T2, 73) Foulds et al. (Tootal Broadhurst Lee)

Bener (Bancroft)
Gagliardi et ai, (Rohm &. Haas)

Gagliardi (Sun Chemical)
Goldstein (Sun Chemical)

Year
Introduced

1928
1938
1948

1952
1963

after it had been proposed by others
(19, 20). The confusion resulting
from the controversy between the two
camps, one advocating resin formation
and the other backing the crosslinking
theory, tended to inhibit the logical
development of these processes for
some years. However, this is now past,
and we want to take this opportunity
gratefully to acknowledge our indebt-
edness to Foulds, Marsh and Wood.

Although theoretically applicable to
all types of cellulose, in point of fact
the innovation of Foulds and his col-
leagues was limited to the treatment of
rayon. Resin treatments of cotton lan-
guished until Bancroft launched a
worldwide promotional program for
Everglaze (14). In this process, cotton
is impregnated with urea-formalde-
hyde resin precursors, and then dried
at low temperature to prevent prema-
ture polymerization of the resin. The
treated fabric is then subjected to
some mechanical deformation on a
heated calender such as glazing, em-
bossing or schreinering. Following the
calendering, the fabric is heated to
cure the resin fully. The mechanical
effects obtained in this way are dur-
able to laundering; as such, Everglaze
became a resounding success through-
out the world. At the same time, it
opened our eyes to the opportunities
and problems associated with resin
treatments of cotton.

The next milestone is the commer-
cial development of the dimethylol
cyclic ethyleneurea (DMEU) process
at Rohm and Haas. Although this
compound or intermediates had previ-
ously been known in both the scien-
tific (27) and patent literature {22)^
it was Gagliardi, Hurwitz and Nuessle
at Rohm and Haas who first recog-
nized the enormous advantages of us-
ing this difunctional cyclic crosslinker
(75). In the first place, because the
nitrogen atoms were completely sub-
stituted and free of hydrogens, we
had, for the first time a moderately
chlorine-resistant finish suitable for
white cottons, which could be laun-
dered at home by using normal treat-
ment with chlorine bleach. Secondly,
because DMEU does not form hard
insoluble resins, it tends to give a
much softer hand. A peripheral ad-
vantage of this non-resin-forming
property was that DMEU could be
used with excellent results in Ban-
croft's Everglaze processes {23) be-
cause there was little or no tendency
for DMEU to build up and clog the

CELLULOSE FIBER/CROSS-LINKED

Flat

Fig. 1. Shape retention after crosslinking.

engraving in the calender rolls, unlike
other finishes available at that time.
Finally, it was found that DMEU
could be cured readily with a wide
variety of catalysts to give finished ef-
fects which were much more durable
to home laundering.

As you may have noted, I have
qualified the durability of DMHU and
limited its usefulness to home launder-
ing. This is due to the fact that, al-
though DMEU has excellent bydroly-
tic resistance under the alkaline en-
vironment present during the washing
step, it has exceedingly poor hydro-
lytic resistance under acidic condi-
tions. Thus DMEU was found unsuit-
able as a resin finish on any fabrics
which were destined to be sent to com-
mercial laundries because of their
regular use of acid^ sour in their final
rinse. The deterioration of DMEU
finish as a result of exposure to acid
sour manifests itself first in the loss
of chlorine resistance. Thus, in prac-
tice, DMEU had distinct limitations
for treatment of cottons, particularly
those fabrics which were likely to be
sent to commercial laundries and
bleached repeatedly.

This shortcoming in DMEU was the
driving force in Sun's development
program to produce a finish for cot-
ton which would retain its chlorine re-
sistance regardless of the method of
laundering.

This work, under the direction of
Don Gagliardi. ultimately resulted in
the Sun family of triazone-based cross-
linkers. Here again, although the basic
chemicals had been known earlier {24,
25), it was not until Gagliardi dis-
covered the important advantages of
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triazones that such products were in-
troduced commercially for unre-
stijcted treatments of all types of cot-
Uns, both colored and white, which
could be laundered and bleached in
any way desired.

As you may have anticipated, the
other development on which I'd like
to elaborate pertains to permanent
press, in particular, postcured perma-
nent press (77).

As most of you recall, the develop-
ment of the older wash and wear proc-
ess was both a blessing and a problem
for the cotton apparel industry. The
basic phenomenon involved here (Fig.
1) is that a treated fiber, yarn, or
fabric tries to return to the same geo-
metric orientation it was in at the
moment crosslinking occurred.

Thus, a cotton fabric given a typical
anticrease or wash-wear treatment was
impregnated with a crosslinker and
then dried and cured in the piece.
At the time of curing, the fabric was
stretched taut and was in a smooth,
flat condition. When garments made
from this fabric were worn or laun-
dered, all wrinkles and mussiness
tended to disappear and the fabric
dried smooth. To that extent, the
wash-wear treatment was a blessing to
the housewife.

Unfortunately, when this same
wash-wear fabric was cut into gar-
ments in which styling required de-
liberate creases or pleats, as, for ex-
ample, men's trousers or ladies' skirts,
such garments lost much of their ap-
peal, because as soon as they were
washed, all desired creases and pleats
disappeared along with the unwanted
wrinkles. In addition, for various rea-
sons (26), even though the fabric
dried smooth and free of wrinkles,
there was a pronounced tendency for
the seams to pucker. Therefore, in
spite of smooth drying fabrics, the
overall garment appearance after laun-
dering left much to be desired because
of this loss of creases and pleats and
extensive seam puckering. Thus, in
spite of much publicity to the contrary,
the average housewife found it neces-
sary to press such wash-wear garments
for "touch-up", as it was called, and
that was a bad problem.

It was bad, as far as cotton inter-
ests were concerned, because it was be-
coming apparent that a simple wash-
wear treatment, as described above,
would not be adequate to stave off the
synthetics which were encroaching on
traditional cotton markets. For exam-
ple, polyester/cotton and polyester/
rayon blends showed a fair measure of
garment shape retention after launder-
ing because of the thermoplastic na-
ture of the synthetic fiber, which per-
mitted some shape retention through
high temperature pressing and mold-
ing, so to speak:

With significant segments of their
major markets at stake, the cotton
growers, along with private and gov-
ernment organizations related thereto.

Padder

PRE-CURED PROCESS
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POST CURED PROCESS
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Fig. 2. Permanent press processes.

stimulated and supported research to
develop a process which would pro-
vide truly s h ape-retentive cotton gar-
ments.

Table III shows some of the more
promising processes studied. By ap-
proximately 1959 it was becoming ap-
parent to us that, among all these
possibilities, the most feasible and ef-

Table III—Durable Press

Process
Garment Treating
Recured
Pressure Cured
Sulfone Two-Stage
Wet Fixation
Post Cured

Processes

Reference
(27)
Í28)
{29)

(30, 31)
132)

07,33,34)

fective process was likely to be post-
curing. Figure 2 shows the difference
between postcure and precure, which
is employed in the typical wash-wear
treatment.

As can be seen, the critical factor
in postcuring is to defer the curing,
and therefore the crosslinking. until
the garment has been sewn and
pressed. This, as we have already dis-
cussed, provides garment shape reten-
tion with excellent seam smoothness.

We don't have time to wend our
way through the early development
program of this postcure process, but
I would like to relate a little scenario
that had an enormous impact on the
course and pace of our activity.

It was a beautiful, bright spring
day on May 17, 1962. when I hap-
pened to meet Nelson Getchell of the
National Cotton Council in Natick,
Massachusetts during the annual In-
dustry Day which the Army Labora-
tory was holding. Without expecting a
very constructive answer, I'm sure,
Nelson asked. "What's new, Her-
man?" And I, equally unappreciative
of the Pandora's Box I was opening,
replied, "Nelson, our lab has been
fooling around for some time studying
energies of activation of the crosslink-
ing reaction, and they tell me they've

been able to slow down room tempera-
ture curing while maintaining normal
cure rates at elevated temperatures, so
as to be of possible interest in post
curing." He said he was interested, and
asked me to send some samples to
Harris Research for evaluation.

After that meeting, in rela-
tively rapid succession, we submitted
swatches of treated fabrics, then pints
of chemical, then gallons, then drums
for plant trials.

At almost the same time, we also
undertook a cooperative development
program with the Graniteville Com-
pany, and they, in turn, were working
with Levi-Strauss. The confluence of
these favorable eleme.nts merged in the
summer and fall of 1963. and Levi-
Strauss decided to go ahead with their
Sta-Prest program.

The rest of the story is history. Sun
was fortunate to be at the right time
and place with the right process.

As a postscript to this story, how-
ever, I'd like to point out that this
process, which was stimulated by
varied cotton interests, actually turned
out. instead, to be an enormous stimu-
lus in the sale of synthetics, particu-
larly polyester fiber. Figure 3 charts
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Fig. 3. Total U.S. production of polyester
fiber.
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the total annual production figures for
polyester fiber in the USA (35).
Please note that 1964 was the first
full year in which the postcured per-
manent press process was available,
and the trend to the use of polyester
as a reinforcing fiber was in full swing.
I believe that the change in slope of
the production curve which occurred
in 1964 was more than a mere coin-
cidence. I'm sure that these figures
are a source of great satisfaction to
some people just as they must be a
source of ífrustration to others.

As another example of the peri-
pheral impact of the permanent press
processes. Figure 4 shows annual
shipments of household tumble dry-
ers and percent saturation (36).

The plateau in shipments which oc-
curred in the years 1955 to 1963 was
apparently caused by the uncertainties
regarding the merits of the earlier
wash-wear treatments, but represented
a strong base from which the acceler-
ated growth occurred from 1965 on-
ward as a result of permanent press.
The rate of increase of saturation
since 1965 is equally striking.

Future

If we study the developments listed
in Tables I and II more closely and
look behind the scene, so to speak, we
see that the chemical industry has
made another "contribution" to the
textile industry. This, in effect, is the
contribution we have made to the
pollution problems of the textile in-
dustry. It is readily apparent that most
of the pollutants with which the tex-
tile industry is concerned, result from

4000

chemicals, dyes or other materials
which are added during the manufac-
ture and processing of the cloth {37).

After they have served their pur-
pose, it is necessary to remove residues
of such agents, and this frequently re-
sults in environmental problems with
pollution of streams and atmosphere.
During use or removal, such materials
may also have an adverse effect on the
health and safety of the employees,
or possibly on the wearers of the
treated cloth. With the onset of new
Federal and State regulations govern-
ing such factors, and with such regu-
lations growing stricter day by day,
these problems of pollution and safety
take on enormous proportions for the
future. The solutions to such problems,
or lack of same, will undoubtedly
represent the difference between suc-
cess or failure for many textile mills.

Because of the critical importance
of such problems, I feel it is appropri-
ate for me to devote the balance of
this address to our views concerning
some of them and what we can do
about them.

As a basis for our consideration,
let's first review briefly the current
situation and the most likely future
prospects for the regulations promul-
gated by the Environmental Protective
Agency (EPA) and the Office of
Safety & Health Administration
(OSHA).

First of all, the EPA mandate is to
reduce and then eventually to elimi-
nate pollution of our waterways, our
atmosphere, and our land areas (both
surface and subsurface). For example,
with regard to stream pollution, by
1977 it will be required that all com-
panies within an industrial segment
will process their waste with the "best
practicable treatment." By definition,
the best practicable treatment means
a level of treatment which can be
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Fig. 4. Shipments of tumble dryers and saturation.

achieved by most companies in the in-
dustrial segment, at a cost not so high
as to force those companies out of
business.

Going further, it is the present in-
tent of CongTess that, by 1983, all
companies will use "best available
technology" to clean up their effluent
streams. This means that if anyone is
doing it anywhere, you can be asked to
do it. And finally, by 1985, all aqueous
effluent will be required to show zero
pollutant content.

To date, in general, EPA and the
individual states bave placed greater
emphasis on control of pollution of the
waterways than the other aspects of
industrial atmospheric and land pollu-
tion. But we can fully expect them to
intensify those programs as well. For
example, we can already see strong
pressure from some states to greatly re-
duce the exhausting into the atmos-
phere of certain types of chemicals
(38). And this trend will certainly
accelerate (39).

On the same philosophical basis,
OSHA is moving ahead to make our
working places safer for all employees.
This includes not only the physical
facilities, also precautions to prevent
workers from handling or being ex-
posed to irritating, toxic or carcino-
genic materials (40).

Thus, it is readily apparent that the
discharge of most chemicals into the
environment will, at the very least, be
significantly restricted and. in many
cases, completely forbidden. At the
same time there will be ever-tightening
restrictions regarding the exposure of
workers to hazardous or toxic sub-
stances.

With that thought in mind, let's look
at some of the trouble spots in various
stages of textile production.

Sizing

In the rush to reduce the biochemi-
cal oxygen demand (BOD) of desizing
liquors, many greige mills replaced
part or all of the starch in their warp
size with cartipxy methyl cellulose
(CMC) or polyvinyl alcohol (PVA).
These substances do. indeed, have
much lower BOD. but that is simply
due to the fact that they do not readily
decompose when subjected to conven-
tional biological effluent treating pro-
cesses. Thus, unless special precautions
are taken, a high percentage of the in-
fluent CMC and PVA ^ pass right
through the sewage treating plant, and
enter the waterway as such. Obviously,
this will be forbidden in the foresee-
able future. In considering how to
overcome this problem, one approach
would be to go back to good old starch
which can be decomposed adequately
by conventional activated sludge treat-
ments. However, because of the enor-
mous BOD content of typical starch
desize liquors, many mills would find
it necessary to install greatly increased
sewage treating facilities. Another ap-
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proach would be to take advantage of
the recently recognized phenomenon
06 bacterial acclimatization (41). By
üch procedures, it is possible to de-

velop bacterial strains which have
more efficient PVA digesting power.
Through use of couple of such ac-
climatized activated sludge systems in
series, it seems that PVA content in
the effluent could be reduced close to
zero.

On the other hand. I think a more
logical course to take would be to use
a solvent size and desize process. This
completely eliminates the problems
of aqueous effluent, and even of-
fers the potential advantage of parti-
ally recycling the size. But it should be
emphasized that, in the long run. the
use of solvent size-desize processes, or
any other large scale textile solvent
process, will not be ecologically sound
until more efficient methods of solvent
recovery have been developed. As I've
pointed out in an earlier paper [42),
unless we have substantially more ef-
ficient solvent recovery systems, we
shall simply be exchanging a stream
pollution problem for an atmospheric
pollution problem.

Dyeing

The dyeing process has always been
a source of heavy pollution primarily
because of the color rinsed off. The in-
troduction of carrier dyeing of syn-
thetic fibers has intensified the prob-
lems and is the cause of much concern
based on newly established EPA and
OSHA standards for many of the
chemicals which are widely used as
carriers. The increased use of higher
pressure dyeing equipment in the last
3-6 years has helped appreciably be-
cause the higher pressures permit use
of much lower concentrations of car-
riers. Even so, the active ingredients
commonly used as carriers frequently
have objectionably high levels of
toxicity or have very obnoxious odors.
Obviously, there is intense research
activity to provide carriers of im-
proved ecological properties. There is
much further room for improvement,
but the first encouraging step in this
direction was in the introduction of
perchloroethylene based carriers.

The basic reasons for our enthu-
siasm about "perc" (perchloroethy-
lene) are: fl) 100% of the perchlo-
roethylene present in the dyebath is ab-
sorbed by the fabric during dyeing.
and thus the spent dye liquor does not
represent a stream pollution problem
because there is no perc in it; (2)
when the dyed fabric is dried, the
perc is driven out of the goods and
goes up the stack. And of course, perc
is one of the solvents approved under
California's Rule 66 as well as North
Carolina's recently issued rules, so it
should not result in atmospheric pollu-
tion (38).

To be sure, the simple use of
perchloroethylene as a carrier leaves

much to be desired. For examples,
some commercial perc-type carriers
may be deficient for one or more of
the following: spotting due to poor
emulsion stability; streakiness due to
poor leveling; excessive chafing and
crack marks; excessive trimer deposits;
poor barré coverage. This seems like a
formidable list of objections, but I'm
happy to be able to report that it has
been possible to eliminate essentially
all of these problems while preserving
perc's excellent ecological properties.

Printing

Printing pastes, in general, and sol-
vent emulsion type pastes in particular,
are the source of enormous amounts
of pollutants (43). First of all. color
shop wastes contribute both very high
color and BOD. Secondly, during dry-
ing of the prints, tremendous amounts
of solvent are evaporated and vented
to the atmosphere.

There are a few possible approaches
to solve this problem in whole or in
part. Among them is use of straight
aqueous dispersions with water-soluble
or dispersible thickeners and binders.
This of course, eliminates the prob-
lems associated with the solvents, but
does nothing to eliminate the BOD
from the thickeners and binders.

Another possible approach is the use
of completely solvent-free systems
such as with our Suncure ultraviolet-
activated binders. Although we are just
at the front edge of the research thrust
on this approach, it looks very en-
couraging to provide almost instant
fixation through ultraviolet radiation,
without the need for heating to evapo-
rate either solvent or water.

Aside from the obvious ecological
advantages which will result from the
use of completely solvent-free systems,
the extremely rapid fixation which is
possible with ultraviolet curing offers
the possibilities of more rapid process-
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ing, and less problems with wet-on-wet
printing by inserting ultraviolet lamps
between the color stations.

1 must emphasize that there are
many, many problems which must be
solved before we can expect ultravio-
let-cured textile printing to go com-
mercial, but the potential benefits are
so great that the R & D effort will
certainly be justified.

Resin Finishing

Another problem involving health
considerations of textile workers in-
volves the evolution of formaldehyde
from fabrics which have been treated
with formaldehyde-containing cross-
linkers.

Post-cured permanent press pro-
cesses have been particularly trouble-
some, especially with the sensitized
fabrics.

When Sun's glyoxal reactant was
first introduced for use in postcured
permanent press, one of the very im-
portant advantages obtained with it
was the low odor of the sensitized
goods, as compared to the other reac-
tants which were availble at that
time. With the passage of time, how-
ever, as is normal, there were rising
expectations and our standards were
changing.

As time went by, workers handling
the sensitized goods became more and
more vocal concerning their discom-
fort. More recently. OSHA and labor
unions have become involved with the
problem, especially in the cutting
plants. We've been equally concerned
with this problem and have been striv-
ing to reduce the level of formalde-
h\'de evolved from the treated fabrics.
I'm glad to report we've made consi-
derable progress. Figure 5 shows the
stepwise improvement we have
achieved in the last ten years.

For those of \ou who have been
close to this problem. I'm sure you'll

Product
C

(1971)

Product
D

(1973)

Fig. 5. Free formaldehyde in glyoxal reactants and sensitized cloth.
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note that Product C provides sensitized
goods which met the requirement of
Levi-Strauss which went into effect in
March 1972 and Product D meets the
Levi-Strauss requirements which are
slated to go into effect this year.

Figure 6 shows some very interest-
ing data which is based on our own
laboratory work, and largely con-
firmed by Levi-Strauss in their cutting
rooms. Here we see the correlation be-
tween the free formaldehyde in fabric
with the formaldehyde content in the
air in the cutting room.

Obviously, the relationship between
the free formaldehyde on the fabric
and the formaldehyde content in the
air will vary to some extent with cer-
tain physical aspects of a given cutting
room; for example the ratio of amount
of cloth in the room to the cubic feet
of air in the room, the amount of air
circulation and the amount of fresh
air introduced per unit of time, and so
forth. But even so, the data in Figure
6 are very informative in that they
show it is necessary to drop to approxi-
mately 1000 ppm or less of free for-
maldehyde on the cloth to reduce the
free formaldehyde in the air to less
than 3 ppm which is now required by
OSHA for 8-hr exposure.

Inspection

The last steps in a textile dyeing and
finishing plant are inspection and
put-up. Since the advent of resin
finishing of cellulose and cellulose
blends, and especially permanent
press treatments where high concen-
trations of resins are applied, there
has been a serious problem of dust for-
mation during these final steps. This
dust formation is objectionable be-
cause of esthetic considerations since
an abundance of dust causes staining
and seconds when a colored dust de-
posits on a white fabric and vice versa.
Also, dust is objectionable from an
employee health standpoint, especially
since OSHA are setting upper limits
as to the number of dust particles
per cubic meter which can be
tolerated.

We have been cognizant of this
problem and concerned with its solu-
tion since it is likely to be caused
primarily by fibrillation of the em-
brittled cellulose fiber, due to high
levels of crosslinking.

As an outgrowth of work we did
with a product that effectively reduced
the accumulation of lint in the screens
of rotary screen print machines, we
directed our efforts to the general
problem of lint and dust control.
Figure 7 is illustrative of the kind of
results we obtain in laboratory treat-
ments when Product ED is added to a
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Fig. 6. Free formaldehyde in sensitized
cloth vs. formaldehyde content in air.

typical precured permanent press
finish for polyester/cotton sheeting.

In actual practice, on a commercial
scale, we generally observe similar
levels of improvement.

I should emphasize that the bene-
ficial effect obtained through the use
of Product ED is not from an inhibi-
tion of curing; we find that the
presence of Product ED does not, in
any way, reduce the effectiveness of
the resin treatment. The treated cloth
has unimpaired fabric smoothness
and other characteristics. In trying to
establish the mechanism through
which Product ED functions, it seems
most likely to be functioning through
some form of charge transfer. As we
see it now, in the absence of Product
ED, the fiber fragments have the same
ionic charge as the fabric itself and
thus are repelled by the fabric; ejected,
so to speak, and become "dust." But
when Product ED is present, the fiber
fragments take on a different charge
than the fabric, and thus are attracted
and held to it. CCO

Conclusion

We have reviewed a number of im-
portant areas where the marriage of
the textile and chemical industries has
produced offspring of enormous im-
portance to the consuming public
throughout the world.

We have also touched on several
important aspects where we are now
actively working to ameliorate textile
industry problems related to environ-
mental protection and worker safety.
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Fig. 7. Accelerotor weight loss vs. con-
centration of Product ED. Formula used:
25% glyoxal reactant; 5% catalyst
Zn(NOn) type; 3% softener; Product ED
variable.

In this connection, I should stress that
we have taken the position that such
problems must be solved without intro-
ducing new problems or sacrificing
performance.

With this kind of attitude we should
be able to expect many more years of
conjugal bliss for both the textile and
chemical industries. CCO
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