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Abstract of machinery specifically designed for textile printing.
Thus, research is needed in several areas for xerography to
Xerographic printing of a number of common fabrics washecome a large-scale commercial method of printing
investigated. The role of the polymeric binder used for théextiles. The research reported in this paper has focused
formulation of the commercially available and custom-maderimarily on developing polymer-based xerographic toners
toners was investigated. Fabric performance tests (crockyiving required printed fabric properties.
fastness), friction tests (not discussed here), and morpho- The xerographic process has been recognized as a
logical investigations were performed. The intricaterevolutionary technology that could be used in many
relations of toner and fabric properties with the results of aapplications. In 1989, Carr et ‘alnvestigated the use of
important overall industrial performance test for fabricsxerography for textile printing. In textile applications, the
(crockfastness) are discussed. Both cohesive and adhestomer must have properties compatible with xerography, and
toner failure can be important. Improved toner performancat the same time, must meet several textile requirements.
was achieved with a thermoset polymer as the toner binde8ince no toner had been specifically designed for textile
However, curing times for the thermoset polymer used herprinting, fabrics were xerographically printed using toners
are not sufficiently short for high-speed industrial printing. made for paper printing. The binders for these paper toners
were based on styrene-acrylic copolymers. The printed
Introduction fabric had extremely poor textile properties, for example,
rub fastness referred to as crockfastness by the textile
The textile industry has developed quick response systenrsdustry.
to remove time from the textile-apparel supply pipeline;  Since the study reported by Carr ef,atolor printers
however, fabric printing is a bottleneck. Printing lag timehave reached the market place. The toners used for color
prevents true manufacturing on demand. Some of thprinting are primarily based on polyester. In the study
disadvantages of screen printing, the predominant methagported here, the performance of a typical polyester paper
of printing textiles, are: 1) long changeover time for styletoner used for color printing was evaluated for printing
and color changes, 2) screen production is time consumirfgbric. The textile performance of the polyester toner,
and expensive, and 3) information is stored on screengferred to as Colorocs in this paper, varied significantly
requiring large storage space. In 1998, time from design twith type of fabric used in the printing. In the rubbing test,
sample production is typically eight to ten weeks at a cost alry crockfastness was usually acceptable; however, wet
about $6000-8000 per sample. It is widely accepted thatrockfastness ratings varied greatly with fiber and fabric
screen printing will be unable to meet the requirements ofnd were usually lower than for dry crockfastness. Lower
demand activated manufacturing. Even with technologieset crockfastness ratings are also usually reported for
such as computer-driven lasers to facilitate screescreen printed fabrics. Little information is available in the
production, the time lag associated with screen printing iiterature concerning the mechanisms for color transfer
still too long. It is commonly believed that digital printing during the rubbing (crocking) of fabrics. This paper
systems driven by computers storing information willdiscusses an investigation conducted in an effort to better
replace screen printing. Some of the paper digital printinginderstand the variation in the performance of the polyester
systems that may have potential for textile printing ardoner on fabrics and to study the failure mechanisms
xerography, ink jet, electrostatic, ion deposition, thermabccurring during crocking.
transfer and TonerJet®. Polymeric materials are often used
in these processes as binders to fix colorants to the fabric. Experimental
Textile digital printing research is being conducted at
the Georgia Institute of TechnolddyXerography is one of A two component developer system (toner plus carrier) was
the technologies that have been investigated. Technicabed for making the xerographic prints on a Colorocs color
barriers associated with xerographic textile are: 1) lack oprinter. The magenta-colored Colorocs toner was selected
textile-specific toners, 2) number of toner transfer steps, Ipr this study. It is a thermoplastic toner designed for
low toner transfer efficiency to fabrics, and 4) unavailabilityxerographically printing on paper and consists of polyester
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resin, styrene-acrylic resin, solvent dye, and polypropylen&able 1, continued:

wax. The binder is a mixture of polyester and styreneToner Dry Wet crock- Wet crock-

acrylic resins, and the polypropylene is used as internal crock- fastness fastness

lubricant and fuser release agent. A magenta solvent dye is fastness (water) (hexadecane)

used as the colorant. Colorocs carrier, normally used witktolorocs 4-5 2-3 2-3

the Colorocs printers, was used mixed with the toner t@polyester- 5 5 5

produce developer. based, 5 5 5
Cotton, polyester, nylon, and silk fabrics were used inthermoplastic)

this study. Descriptions of the fabrics are given in Table 14B Fuller 5 4-5 5

Definitions of textiles specific terms can be found in theepoxy-based,

literature. thermoset)

A model CP 4007 Colorocs color printer with a
resolution of 300 dpi was used to produce the xerographic Three sets of crockfastness tests were carried out under
prints. The printer was designed so that the substratgonditions different from those in standard crockfastness
typically 0.21 m in width and approximately 0.28 m long, tests. These tests were performed using the AATCC
runs in a straight path through the machine. The curing ungrockmeter. In the first set of tests, the rubbing cloths were
was insufficient to properly cure the prints on the fabricsconditioned and wetted with water to amounts different
The curing unit was removed, and the printed samples wefeom the standard wet crockfastness test (65wt% water
cured in a convection oven. Most of the prints were cure@ickup). Then these rubbing cloths were used to rub the
for 3 minutes at an oven temperature of 200°C; however, iBrinted fabrics.
some cases, curing times of 5 and 10 minutes were used. In another set of tests, the normal pressure between the

Wang investigated the effects of toner deposition onprinted fabrics and the rubbing cloth was increased.
fabric properties and found that the amount of toner deposi- |n the third set of special tests, organic liquids
tion on the fabric has a surprisingly small effect on crock{hexadecane, decane, etc.) replaced water in the wet
fastness ratings within the range experienced in our work. crockfastness test. The liquid pickup was kept at 65wt%.

One of the important properties that a printed fabric  Dry crocking ratings for the printed fabrics were equal
must have is good rub fastness referred to as crockfastnegs.or superior to those for wet crocking. It was speculated
One standard crockfastness test (dry crockfastness) involvgsat differences in crocking ratings were associated with
rubbing the print with a dry rubbing cloth. A second differences in friction in the dry state versus the wet states.
standard test (wet crockfastness) uses a wet rubbing clofh an effort to better understand the crockfastness results,
containing 65wt% water on a dry basis. These tests attempictional measurements were conducted for dry and wet
to simulate the conditions of wearing and washing a fabriczonditions.

Standard dry and wet crockfastness were measured using an Differential scanning calorimetry (DSC) was performed
American Association of Textile Chemists and Coloristson a Seiko SIl DSC 220C, and thermogravimetric analysis
(AATCC) test method (ratings are: 1: entirely unacceptablgTGA) was performed on a Seiko SIl TG/DTA 320.

2: unacceptable, 3: borderline acceptable, 4: good, 5! Surface morphology was observed under a Scanning
excellent (no color transfer)). Electron Microscope (SEM, Stereoscan 430, Leica
Cambridge Ltd., 10kV, 2.39 A filament current, 200.0 nA
probe current).

A polarized optical microscope (POM, Leitz Laborlux
12 POL, magnification 100X, with heating stage,
manufactured by W. Nuhsbaum, Inc.) was used to study the
wetting characteristics of the toner melt on single fibers, the

Table 1: Crockfastness data for a number of fabrics
printed with Colorocs magenta xerographic toner
(thermoplastic polymer vehicle). Also shown: tightly
woven cotton printed with a thermoset resin based toner
(HB Fuller, epoxy-based). Curing: 200°C, 3 minutes in

air for all toners. (Crockfastness rating below 3 is
unacceptable)

melt flow behavior of the toners, and the wetting properties
of toners on fabrics.

Toner Fabric Type ID# Fabric Toner A DCA tensiometer and a FTA 200 contact angle
weight deposition measurement instrument were used to measure solid surface
[grams/ [mg/cnf] free energy on specimens of PET and cellulose acetate films

m’ (15mm x 20mm). The toner powder was applied to a glass

Colorocs  Cotton tightly 15 218 0.29 slide and fused at 150~190C for 5 minutes.

(polyester- woven Measurements of the tensile modulus were carried out

based, Nylon 306a 107 59 - on injection-molded specimens at room temperature using

thermo- filament an Instron-5567 (2 in./min).

plastic) Silk 113 72 0.42

HB Fuller ~ Cotton tightly 58 218 - Results and Discussion

(epoxy- woven

based, Thermoset- Table 1 gives an overview of the crockfastness data

thermoset) based toner
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area and the toner deposition. The dry crockfastness testnnecting the fibers. The toner layer on the fibers obscures
generally shows good results (4-5, good to excellent}the fine structure of the fibers. Figure 1c (printed fibers after
However, wet crockfastness (to simulate washing) withdry crockfastness test) supports the good results for dry
water shows rather poor results (low crockfastnesgesting (Table 1). Some cracking of the toner layer is
numbers), except for silk and filament nylon. Immediatelyvisible, but loose debris is very limited. Figures 1d
the question arises why prints on silk (a natural polymeri¢unprinted) and 1e (printed) show the significant damage
fiber with high water sorption and an intricate fine inflicted on the hydrophilic cotton fibers during the water
structure) and nylon (an artificial polymeric fiber with low wet crockfastness test.

water sorption and no fine structure) both show very good

performance when tested wet. Although cotton fabric is the s

focus of this paper, other fabrics were tested to obtain more £
information on the failure mechanisms of the prints.

It could be suspected that the wetting/spreading of the =%
toner melt on the fabric material contributes to poor
crockfastness. The toner might form small domains on the
fabric, rather than spreading and providing a large amount
of interfacial area for adhesion, and opportunities for
geometric entrapment.

The surface energy of Colorocs toner was 20.8
dynes/cm . The spreading coefficient of Colorocs toner was
24.3 dynes/cm on a cellulose acetate film. This film was
used to simulate cotton fibers. Therefore, wetting/spreading
is not a likely cause for poor crockfastness of cotton fabrics.

An optical microscope equipped with a hot stage was
used. Toner particles that adhered to single fibers of the
various fabrics were observed when the fibers were heated
to 100°C. It was noted that the toner particles did melt and
spread out along the fibers. This is additional evidence that
wetting/spreading is not a problem with the fabrics and
toners used here. e :

Friction plays an important role in the crockfastness e e N f‘
test. It could be suspected that poor crockfastness results .ae - W 7 f BTy
might be due to the surface morphology of the fabrics. In ' 2 /i /4
addition the amount of toner and the morphology of the
deposited toner may influence the crockfastness results.
Since wet crockfastness was found to be poor (except for
silk and filament nylon), while dry crockfastness ratings
were largely acceptable, the frictional properties of printed
and unprinted wet and dry fabric samples were evaluated.

The apparent coefficient of kinetic friction for dry
unprinted (blank) and printed cotton, silk, and filament
nylon samples is not shown here in detail. From the friction
measurements it can was concluded that water plays an
additional role in reducing crockfastness, beyond an . ]
increase in apparent friction. Simple increase of the normal Figure 1d (left) and 1e (right), 1f (below)
force in the dry crockfastness test did not cause poor results
for fabrics that performed poor in the wet crockfastness test.

Crockfastness tests with hexadecane instead of water Figure 1e shows that the fibers are damaged, and that
showed essentially similar results to water (Table 1)toner is physically detached from the fiber surfaces. Figure
Therefore, liquids play a role in the crockfastness beyondf shows the tightly woven cotton after a wet crockfastness
hydrodynamic issues (friction), and swelling of the fibers. test with hexadecane. The crockfastness ratings for water

The morphology of cotton fibers (virgin, unprinted wet and hexadecane wet tests were similarly low. Figure 1f
tightly woven cotton) is shown in Figure 1a. shows no fibrillation of the fibers.

The cotton fibers show their typical fine structure (flat The conclusion from the morphological evidence for
fibers, fibrils). Figure 1b shows the cotton fibers aftercotton is that the failure of the toner is both cohesive (toner
application of Colorocs xerographic toner (Fused at 200°CGragmentation) and adhesive (removal of toner from the
3 min, standard post-printing treatment). Especially afibers), followed by transfer of the toner fragments from the
intersections of fibers the toner can be seen as a filfabric sample to the rubbing cloth.

. SR
K.
g of toner layer |
7
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The very good crockfastness results for the thermoset
toner indicate that this vehicle solves some of the problems
of low wet crockfastness for xerography of textiles.

Conclusion

The textile print property most difficult to obtain by

xerographic printing is the wet crockfastness (simulating
washing of the fabric). The most significant issue appears to
Figure 2. Colorocs printed silk after wet crockfastness test.  be the failure of the toner/fiber interface. Good properties
can be obtained if the toner is physically crosslinked. A

L ; : j bstacle to industrial application is the need to allow
Surprisingly, the crockfastness results for silk (Flgurema‘]Or 0 ; .
2) were outstanding, despite the serious damage. Thige toner to wet/spread, and potentially crosslink. The speed

supports the conclusion that although cohesive failure of the" f%‘”'sca'e fabric prod_uction (50-100 y{ards/min) vyou_ld
iequire very large curing zones. Rapidly crosslinking

fibers occurred, the toner still adhered to the silk and wa
not removed from the fabric. Systems are needed: Small samples of new patterns,

A bisphenol-A epoxy resin manufactured by HB Fu”erhowever, could be easily produced.
was chosen as a thermoset toner vehicle. The toner
contained benzophenone tetracarboxylic dianhydride for
crosslinking, and fanal pink as the pigment. At 3-5 minute
curing time at 200C crosslinking was sufficient.

Table 1 shows the excellent crockfastness propertie
This was a confirmation of our hypothesis that a crosslinke
toner would show an improvement over thermoplastics. Th
water wet crockfastness test (Figure 3) produces so
damage and fibrillation to the fibers.
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