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Executive Summary

The carpet industry has for many years wishedotovert the coloration of residential
polyethylene terephthalate (PET) carpet from bapcbcesses (i.e., becks) to continuous
processes. Benefits of converting this importagnsent of carpet production from batch to
continuous processes are many, assuming that tmevalumes are of critical, large size.
However, on typical pad (or slot apply)-nip-steams continuous carpet dye lines, process
speed is very low due to the extremely long dweles required in the steamer to fix the dyes.
Thus the productivity of continuous lines for th@aration of residential polyester carpet is low.
Earlier work conducted in continuous dyeing of heaeight, commercial nylon carpet showed
that a Machnozzle® slot steam device can rapidiggbthe saturated carpet temperature after
dye application (typically 350-400% wet pickup @fuor) to the desired 150-1%90 range, thus
reducing the required time in the steamer.

The first objective of the reported research wasl@étermine if the insertion of a slot steamer
system (Machnozzle) into a pilot polyester cargettinuous line just after the disperse dye pad
and before the main steamer could reduce the ejuilwell time in the steamer, and
consequently increase process speed. A secondtigbjef the work was to evaluate the effect
of Machnozzle pre-steaming on carpet finishing (bored stain repellency/stain block
application). One of the tasks of the finishinge&ch was to determine if pre-steaming the
carpet after the application of finishing chemicéitain repellency/stain block) and before
steaming in an atmospheric steamer would incrdasdetel of fluorine incorporation into the
carpet. The fluoropolymer (FP) stain repellencerdg are very expensive, and the current
pad/steam commercial process results in only ~85%rporation of the FP finish. Another was
to better understand how thermal treatment affettedncorporation of finishing chemicals into
the carpet structure.

PET dyeing experiments were conducted to deterntivee effect of several Machnozzle

parameters on required dyeing time and color valGé& L', a and b) of the face and back of

the dyed carpets of dyed PET carpet. Preheatimguke Machnozzle steam slot applicator did
not improve the PET dyeing fixation rate for dyeiight-weight PET to medium-shade. This
finding is different from the results for dyeingawy weight nylon carpet where significant
decreases in dwell time in the atmospheric steameee required. The difference is explained
by the fact that PET is much more difficult to dp@an nylon and the weight of the PET sample
was much lower. The dwell time required for dyesrtigrate into the PET carpet structure is
long compared to the heat up time in the steamensé€quently the effect of rapidly heating the
PET carpet did not significantly impact steamingeiin the atmospheric steamer. Another
reason that the Machnozzle did not have a sigmfiedfect on required steaming time in the
atmospheric steamer is the very low yarn face we{gb oz/yd) of the PET carpet. The

Machnozzle steam slot applicator can shorten tlaingetime from 90 second (in atmospheric
steamer) to 1~2 second for heavy-weight carpet ¢8%d0, but only from 15 seconds to 1~2

second for light-weight carpet. In the current pobj the supplied PET carpet had a low pile
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weight of 20 oz/yfl and thus the steam slot applicator did not pmwidarge advantage over the
atmospheric steamer alone in rapid heating oftituetsire.

Finishing tests without pre-steaming were first dacted to determine the required steaming
time for complete fixation of finishing agents inet atmospheric steamer. Then tests for six
combinations of Machnozzle operational parameten®wonducted where the carpet with finish
applied was preheated with the Machnozzle and theamed in the atmospheric steamer for
times varying from 0 to 60 seconds. Three test®wenducted to evaluate the incorporation of
finish into the carpet. The fluorine content ofpet pile fiber and water drop penetration tests
were used as indicators of how well the fluoropadyns operating. The stainblock test was used
as an indicator of how well the stain block polyneemponent of the finish formulation is
operating. For the samples steamed less thanceddeén the atmospheric steamer, the fluorine
content was lower than the acceptable value. Hewancrease in steaming time longer than 60
seconds did not have a significant effect on flu@rcontent, indicating that the steaming time of
60 seconds currently used is sufficient to reaclaegeptable value of fluorine content. Pre-
steaming with the Machnozzle without steaming i@ #timospheric steamer was sufficient to
incorporate the fluorocarbon stain repellency agetotthe carpet structure. However, steaming
in the atmospheric steamer following pre-steamintip the Machnozzle did not increase the
fluorine content in the fiber above that for Machrle preheating only. Thus, the results
indicate that pre-steaming the carpet after theliaggmn of the finishing chemicals (stain
repellency/stain block) and before steaming intamoapheric steamer will not increase the level
of fluorine incorporation into the carpet. Samplae-steamed using the Machnozzle gave
superior stainblock ratings to that for steaming0fseconds in the atmospheric steamer only.
The samples treated with the Machnozzle had a nietter uniformity of stain blocking
performance than those treated in the atmospheacrer only.



Resear ch Objectives

One objective of the research was to determinehéf insertion of a slot steamer system
(Machnozzle) into a pilot continuous line just aftee dye pad and before the main steamer
could reduce the required dwell time in the stearard consequently increase process speed.
The project used a similar approach to that usetMchnozzle-assisted dyeing of heavy weight
Nylon 6,6 carpet; however, PET's structure is dgife from that of Nylon 6,6, and it is much
more difficult to dye. The effects of incorporati@f the Machnozzle on the required box
steaming times of light weight PET carpet at vasialye loadings (light, medium and dark
shades) were evaluated. Dye utilization and foratvith the developed process line versus the
conventional line were compared and the potentiatts on process speed were evaluated.

A second objective of the work was to evaluatedtiiect of Machnozzle pre-steaming on carpet
finishing (combined stain repellency/stain bloclkplagation). One of the tasks of the finishing
research was to determine if pre-steaming the taafier the application of the finishing
chemicals (stain repellency/stain block) and be&igaming in an atmospheric steamer would
increase the level of fluorine incorporation inteetcarpet. This is important because these
finishing agents are very expensive. Another veabdtter understand how thermal treatment
affects the incorporation of finishing chemicaltoithe carpet structure.

Experimental
Materials

Polyester Dyeing TestsLight-weight, tufted PET polyester carpet (pjlern weight 20 oz/yi
greige), disperse dyes and auxiliary chemicals vpeowided by Mohawk Industries, Inc., as
well as the dye formulation (Table I). They remsa typical polyester carpet and color shade
for a continuous dyeing process.

Table I. Dyeing formula for polyester (PET) carpet

Disperse Dyes/Chemicals Con(cg(;/rlit)ration

Dyes Blue 56/77 0.2735

Red CDS 0.3463

Yellow BG 0.4098
Chemicals Arrolev 2186R (carrier) 25

DAD (wetter) 0.85

Chelate 0.7

Buffer SAC (pH control) 1.0




Nylon Finishing Tests-Materials (see Table Il), including nylon 6 cdrfyle weight of 38 oz/
yd?), finishing chemicals and formulation were prowddby Mohawk Industries, Inc. The
formula used in the industrial process is prepdogdnet wet pickup of 100%; however, the
water residual left in the carpet from the previeusshing and extraction steps after dyeing is
~40-50%, so the actual total wet pickup at the fimg step is ~150%. Thus, in our lab tests, we
added 50% water to the formula, and wet pickup @aagrolled to be ~150%. Thus the actual
chemical pickup in our lab tests was the sameasdritthe industrial process.

Table Il. Finishing formula for nylon carpet (pileight of 38 oz/yd.

Chemicals Concentration (g/L)
System 404 acid 2 - 3 (adjust amount to get pH®f 2.2)
Epsom salt (40% lig.) 21
Arrofoam 2309A 4 (If padding instead of foaming, omit it)
3M's PM 1400 5.5
3M's FC 700 375

Experimental Setup

The experimental setup (located at Georgia Powengamy's Technology Center) for the PET
dyeing test and nylon finishing tests was builsiown schematically in Fig. 1. Steam was
provided by a boiler (Chromalox CES 60) controllesing a pressure transducer (Omega PX-
4200), a proportional-integral-derivative (PID) ¢atler (Chromalox 2104), and a silicon-
controlled rectifier (SCR) (Chromalox MaxPac IIA ball valve was used to adjust the steam
flow rate to a 16-inch-wide Machnozzle slot steappligator (Brugman Machinefabrik BV,
Holland) and box steamer (Mid-South Metalworks, tbal Georgia). Steam flow rates were
measured using a vortex steam flow meter (OMEGA 590B). A conveyer belt with
adjustable speed was utilized to obtain differem¢ltitimes under the preheating device. Metal
shims with various thicknesses were used to athessteam slot opening width.

Experimental Procedures

Test procedures for PET dyeing and nylon finishiagts were similar; however, some test
parameters were different: the total wet pickupP&T dyeing was 400% while the total wet
pickup of nylon finishing was 150%; and steamingdifor PET dyeing was much longer than
that for nylon finishing. The main process stegstaiefly described next. A roll of carpet was
cut into 12 inch by 12 inch test samples. The imhigl carpet sample was weighed, soaked in
2L of chemical (dye or finish) solution for 30 seds, and then passed through a set of squeeze
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FIG. 1. Schematic of experimental setup

rollers two or three times to give wet pick-up 6#400% (in the range of 390-410%) for PET
dyeing and ~ 150% (in the range of 140-160%) fdomyinishing. The required steaming time
for tested samples receiving no pre-heating wast filetermined and used as a basis for
evaluating the effect of steam slot preheating. enribests on samples preheated using the
Machnozzle slot steam applicator were conductdue Wetted sample was preheated by passing
the face of the padded carpet at various proximtiieand underneath the slot steam applicator
(slot length of 12 inches), followed by steamingaim atmospheric box steamer. Samples were
steamed over a range of times. After pre-heasag)ples were placed in the atmospheric batch
steamer for a range of dwell times. The dyed PHEpetasample was then washed in cold water;
for nylon finishing, simple spay washing was used & some cases the samples were dried
directly without washing. Excess water was remobgdvacuuming until the wet pick-up
reached approximately 100%. The sample was thied dising a tumble home dryer (at a
maximum temperature of about &) and conditioned for at least four hours in andéad
testing laboratory (7 and 65% RH) before further measurements were riadgaluate the
dyeing or finishing effects. All tests were repted at least three times.

For the PET dyeing test, color measurements wedertaevaluate the dye pickup of the dyed
PET carpet. For the nylon finishing test, threeasugements were conducted, including fluorine
content (FP specific), water bead drop test (FRiBpg and red dye stain (stain blocker polymer

specific). The first two measurements were useceValuating fixation of the stain repellency
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FP agent, and the last one was used for evalu#ttmdixation and effectiveness of the stain
blocker agent during the finishing process.

Operational Parameters of Steam Slot Applicator

To determine optimum process conditions for thd steam applicator, several operational
parameters (including flow rate, slot opening, aett speed) for the steam slot applicator were
varied for the PET dyeing and nylon finishing tesErst, we calculated the theoretical amount
of steam needed for the carpet sample to reaamper@ture of 21°F. These were 0.1 Ibs for the
PET samples and 0.08 Ibs for nylon samples. Ttensteam flow rate, slot opening and belt
speed were adjusted to obtain identical steam ate@uoplied on the samples for different steam
jetting speeds. Base on previous studies, the faie to the steamer was selected as 60 Ib/hr
since a higher value does not increase the headitgy significantly. Machnozzle mounting
location, i.e., separation distances from the file to the slot, was set as zero. For our previou
study, this location gave the highest heating efficy.

Measurement Methods

Color measurementDye fixation was evaluated by measuring the ClEa and b color values
of the face and back of the dyed carpets usingraétliab Reflectometer Ultrascan XE. Five
different locations on each sample were selectecha@asured. ‘Lrepresents the darkness-
lightness of the shade (E 0 indicates black and’ = 100 indicates pure white), eepresents
the shade position between red and green (negatiue indicates green while positive value
indicates red), and b* represents the shade poditbveen yellow and blue (negative value
indicates blue and positive value indicates yellolfle standard reference samples, which were
not exposed to MN pre-steaming, were prepared byingithe steaming times in the
atmospheric steamer until dye utilization and fxatffor each shade was optimized. Color
differences (Del B were calculated to represent the relative exaédye fixation and shade
development between the reference (steamer ondiyMah pre-heated samples:

Dol E =y(U-L [+l -a f+[ -bf Eq. 1

L'ab and L'a b, are the color values of MN pre-heated test samplad steamer-only
reference samples, respectively.

Evaluation of nylon finishing Three tests were conducted to evaluate the pocation of finish
into the carpet. Brief descriptions of these fatlo

Fluorine content of carpet pile fiber — The amount of the fluorocarbon stain repelleaggnt
present on carpet pile fibers was determined bysoraay the fluorine on fibers. The tests,
which are based on AATCC 189 [1], were conductediojhawk Industries, Inc. A typical value
for finished nylon carpet is 305 + 38 ppm.



Water drop penetration test [2] - A 1% solution of direct Red 80 dye in dikd water was
prepared to be used as the drop medium. The redvdgaised to provide contrast between the
water drop and the nylon carpet sample. Drops efctbiored solution (approximately 3Q.)
were placed from a height of 1 cm onto the surf#dbe carpet sample. Photographs were taken
at time intervals of 1, 10 and 60 minutes. Dropsaanore hydrophobic surface (higher fluorine
content) exhibited a nearly spherical shape andimed| a longer time to penetrate into the
carpet.

Sainblock test [2] — This test is based on AATCC Test Method 1Z803. The carpet specimen
was immersed 1 cm in double-strength, cherry-fladoKool-Aid® solution at 60 °C for 60
seconds, rinsed in cold water and dried by line dilye stain repellency of test samples was
rated by using the AATCC Red 40 Stain Score — aemaf 10 is no stain and 1 is stained
severely.



Results and Discussion
Part|: PET Dyeing Tests

PET dye fixation in atmospheric stean@ithout Machnozzle preheating)

Dyeing tests without pre-steaming were first cortdddo determine the required steaming time
for complete dye utilization and fixation in themaispheric steamer. The color differences
measured on the carpet face and back are showrfuaxtton of steaming time. The color
differences (Del B were based on the samples dyed at steaming 6fre® min. serving as the
“standard.” Test results showed thdE was sufficiently small for times greater than rihin.
Thus these samples were selected as “steamer reféyence samples.

Table Ill. Steaming time vs. color difference (tiseandard” is the sample with a steaming time
of 10 min).

) Face Back
Steaming

Time*

(min) L a b Del E L a b De E
6 35.23 10.30 9.35 1.51 4454 849 9.01 1.34
8 34.75 10.43 9.62 1.03 4395 8.0 9.08 0.77
10 33.73 10.38 9.51 0.00 4322 842 9.21 0.00
12 33.45 10.49 9.48 (-)0.33 43.12 8.52 9.07 (-) 0.20
20 32.72 10.41 9.51 (-)1.02 4243 820 8.96 (-) 0.86

* In the atmospheric steamer

PET dyeing fixation in atmospheric steamer aftecM®zzle preheating

Base on our previous study [3], we started our gaghg tests using the parameter combination:
slot opening of 6 mils, steam flow rate of 29 |bdmd belt speed of 4 ft/min. The test results are
shown in Table IV. Compared with the “standardimgées of 10 min. steaming time only,
Machnozzle preheating did not significantly incee#tse dye fixation speed. The higher values of
L* indicates a lighter shade on the face and bhek the standard, and the color differences Del
E* between the reference samples and the MN preetiesamples were >1.0 on the front and
>0.5 at eight minutes of steaming time post-MachieZzthe critical value indicating a
significant color difference detectable by the egtween two samples is Del E* ~1.0). Based
on these results, the next tests were conducted ashigher steam jetting speed.



Table IV. PET dyeing with Machnozzle (MN) pre-steag (flow rate of 29 Ib/hr, belt speed of
4 ft/min, slot opening of 6 mils, and steam jettspged of 113 m/s).

Face Back

Steaming

Time* L a b AE L a b AE

(min)
Steaming only 10 34.45| 10.78 | 959| 0.00| 4268 832 865 0.00
MN pre- 2 38.43| 884| 945 443 4600 7.30 831 350
steamlng
MN pre- 4 37.46| 10.01| 9.63 310 4423 795 867 1.60
steaming
MN pre- 6 36.75| 9.98| 983 244 4310 830 862 043
steaming
MN pre- 8 36.16 | 10.26] 9.73| 179 4294 884 872 035
steamlng

* In the atmospheric steamer

In Table V, test results are summarized for a stébam rate of 51 Ib/hr, belt speed of 7 ft/min,
and slot opening of 6.0 mils. Under these cond#jdhe steam jetting speed was about 198 m/s.
Lighter (worse) color shade on the carpet facedartier (better) shade on the carpet back were
obtained. These results indicated that the steamblowing dye liquor to the back of the light-
weight polyester carpet sample. Thus, for our mestis, we decreased the steaming jetting speed
to reduce this effect.

The Machnozzle operational parameters were nexstatj to obtain a steaming jetting speed of
80 m/s. Test results are given in Table VI. Hoerethe color differences Del E* were still
higher than the critical value of ~1.0 on the fatéhe carpet, even at the eight minute steaming
time post-MN.

In an effort to get acceptable results using tlaeivhozzle, the steam speed was then reduced to
57 m/s. The slot opening was increased to 12 mild,the steam flow rate and belt speed were
held at the same values as in the previous tekes.r@sults are given in Table VII. The color
differences were smaller than those in the previeas This was interpreted to indicate that a
lower jetting speed reduces the amount of dye hidpmwn off and/or through the light-weight
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Table V. PET dyeing with Machnozzle pre-steamiitmn( rate of 51 Ib/hr, belt speed of 7
ft/min, slot opening of 6.0 mils, and steam jettspgeed of 198 m/s).

Face Back

Steaming

Time*

(min) L a b AE L a b AE
Steaming only 10 33.05| 11.20| 9.01 0.00 4218 876 8B3 0.00
MN pre- 2 37.14| 894| 942 469 4497 7.89 8B6 293
steamlng
MN pre- 4 36.05| 9.90| 9.83 337 4282 849 8F5  0.70
Steaming
g’”\‘ pre- 6 35.12| 1031 957 232 415 8715 8F4 ()0.68
teaming
MN pre- 8 34.63| 10.13| 9.84 209 4150 8.73 8[F9 ()0.70
Steaming

* In the atmospheric steamer

Table VI. PET dyeing with Machnozzle pre-steanihgw rate of 29 Ib/hr, belt speed of 4
ft/min, slot opening of 8.5 mils, and steam jettgmeed of 80 m/s).

Steaming Face Back

Time*

(min) L a b AE L a b | AE

Steaming only 10 33.07| 10.61] 9.37 0.00 4276 8.72 844 0.00

MN pre- 2 38.61| 9.03| 9.30| 576 4657 7.65 8.B7 3.96
steaming
MN pre- 4 38.43| 9.84| 959 542 4420 815 847 1.55
steamlng
MN pre- 6 36.37| 10.42| 938 331 4301 853 854 0.33
steamlng
MN pre- 8 35.56| 10.66] 9.35| 250 42.85 8.65 849 0.13
steaming

* In the atmospheric steamer
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Table VII. PET dyeing with Machnozzle pre-steamifigw rate of 29 Ib/hr, belt speed of 4
ft/min, slot opening of 12 mils, and steam jettspeed of 57 m/s).

Face Back

Steaming

Time*

(min) L a b AE L a b AE
Steaming only 10 32.73| 10.48] 9.68 0.00 4226 8.68 8,33 0.00
MN pre- 2 36.83| 8.28| 1019 4.68 4561 7.48 8.8 3.56
steamlng
MN pre- 4 34.97| 940| 984 249 4428 818 901 2.09
steamlng
MN pre- 6 3465| 1011 9.66| 1.98 4324 868 8.0 0.98
steaming
MN pre- 8 33.74| 10.56| 9.55| 1.02 42.88 881 886 0.64
steaming

* In the atmospheric steamer

carpet structure. However, the color differencéhefface of the eight minute, post-MN steamed
carpet barely met the targeted ~1.00 Del E* valu® wione unit higher L* value, although the
back of the sample carpet matched the standardbotih Bel E* and L* values. With the
conclusion that dye liquor was still being blowntte back and/or through the light-weight
carpet, the jetting speed was further decreaseithéonext test.

The steam jetting speed was reduced to 42 m/s dngaring the slot opening to 16 mils and
holding the steam flow rate and belt speed at #mesvalues as in the previous tests. Under
these conditions, color values did not improve ($able VIII), e.g., color differences on the
carpet face were much higher than the target valu€l.0 and the L* value of the sample was
two units higher than that of the standard. Agamyever, the shade on the back of the carpet
matched that of the standard in both Del E* andrafues at the eight minute post-MN steaming
time.

The jetting uniformity of the steam slot applicaadra lower flow rate was not optimum, so we
next doubled the steam flow rate and increasedeitespeed to 8 ft/min, which maintained the
amount of steam applied per sample. Tests resdtsheown in Table IX. Color differences and
L* values increased at the face increased compareékose in Table VIII, indicating a poorer

dyeing correlation, although again the shade aththek of the carpet matched that of the
standard at the eight minute post-MN steaming time.
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Table VIII. PET dyeing with Machnozzle pre-steamiflow rate of 29 Ib/hr, belt speed of 4
ft/min, slot opening of 16 mils, and steam jettgmeed of 42 m/s).

Face Back

Steaming

Time*

(min) L a b AE L a b AE
Steaming only 10 32.62| 10.34] 9.42| 000 4214 839 852 0.00
MN pre- 2 37.06| 841| 914| 485 4538 747 859 3.37
steaming
MN pre- 4 35.73| 9.33| 9.40| 327 4346 819 853 1.33
steaming
MN pre- 6 34.45| 991| 9.16| 190 4269 844 859 0.55
steamlng
MN pre- 8 3439| 988| 939 183 4192 851 860  -0.27
steamlng

*In the atmospheric steamer

Table IX. PET dyeing with Machnozzle pre-steanih@w rate of 58 Ib/hr, belt speed of 8
ft/min, and slot opening of 16 mils, and steaminegtspeed of 84 m/s).

Steaming Face Back

Time*

(min) L a b AE L a b AE

Steaming only 10 33.79| 10.37] 9.19 0.0d 43.96 8.57 871 0.00

MN pre- 2 37.46| 824| 928 424 4618 742 851 2.87
steamlng
MN pre- 4 36.87| 937| 943| 324 4451 814 868 1.05
steaming
MN pre- 6 36.17| 9.87| 9.43| 249 4320 860 8.80 -0.28
steaming
MN pre- 8 36.36| 10.05| 9.35| 2559 4290 8.67 8[9 0.67
steaming

* In the atmospheric steamer
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Conclusionsfor Part I: PET Dyeing Tests

Preheating using the Machnozzle steam slot applichtl not significantly improve the dyeing
fixation rate for coloration of light-weight PET tomedium shade, most specifically the face of
the carpet. This finding is different from the rigsdor dyeing heavy weight nylon carpet where
significant decreases in dwell time in the atmosighsteamer were observed with the
Machnozzle steamer inserted in-line. The diffeeco@n explained by the fact that PET is much
more difficult to dye than nylon and that the faegight of the PET sample was much lower than
that of the previously-studied nylon carpet. Thesll time required for dyes to migrate into the
PET carpet structure is long compared to the heaitme in the steamer. Consequently the effect
of rapidly heating the PET carpet did not signifitg impact steaming time in the atmospheric
steamer. Another reason that the Machnozzle didhawe a significant effect on required
steaming time in the atmospheric steamer is thg v yarn face weight (20 oz/§dof the
PET carpet. Base on our previous study on hegtiagess of carpet samples, the Machnozzle
steam slot applicator can shorten the heating fror@ 90 second (in atmospheric steamer) to
1~2 second for heavy-weight carpet (65 0Z/ytut only from 15 seconds to 1~2 second for
light-weight carpet. In our current project, tHeTPcarpet had a low pile weight of 20 oZyahd
thus the steam slot applicator does not provideigaifeant advantage over atmospheric
steaming alone in rapid heating.

The experimental results indicate that for someaip®y conditions, the Machnozzle moves the
dye liquor from the tips of the face yarns in tigdt-weight polyester carpet towards the primary
backing and/or blows the dye solution out of thgpea This problem was not encountered with
the previously-researched heavy weight nylon carféis is believed to be associated with the
very low weight of the face yarns and the much nogen construction of the polyester carpet.

The question of whether Machnozzle line inclusionld decrease the required steaming time in
the continuous, dark-shade coloration of heavy-ttef§0-70 oz/yd2) polyester carpet, much of
which is now processed by the industry on batclaaghjet dyeing machines, was not addressed
in this project.
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Part I1: Nylon Finishing Tests

Finishing tests without pre-steaming were first dacted to determine the required steaming
time for complete fixation of finishing agents inet atmospheric steamer. Then tests for six
combinations of Machnozzle operational parameteng®wonducted where the carpet with finish
applied was preheated with the Machnozzle and tteamed in the atmospheric steamer for
times varying from 0 to 60 seconds.

Three tests were conducted to evaluate the incatiparof finish into the carpet. The fluorine
content of carpet pile fiber and water drop penietnatests were used as indicators of how well
the fluoropolymer is operating. The fluorine caritéest is a standard tests conducted by our
industry partner, and the expected value ranges 867 to 343 ppm. The water drop test is also
an indicator of how well the fluoropolymer stairpedlent is operating. A drop (approximately
50 uL) of 1% solution of Direct Red 80 dye in deionizedter is released at a height of 1 cm
onto the surface of the carpet sample. Observatiwasmade and photos are taken at time
intervals of 1, 10 and 60 minutes and qualitativagluated.

The stainblock test was used as an indicator of weWthe stain block polymer component of
the finish formulation is operating. The carpee@men was immersed 1 cm in double-strength,
cherry-flavored Kool-Aid® solution at 60 °C for &@conds, rinsed in cold water and dried by
line dry. The stain repellency of test samples wedsd by using the AATCC Red 40 Stain Score
where a grade of 10 is no stain and 1 is staineersk.

In Table X, the results of the fluorine content atainblock (stain repellency) tests for steaming
in the atmospheric steamer are given. For unfedstarpet, fluorine content is 0% and stain
repellency rating is 0. In Table X, samples witst@aming time of zero were dried in the tumble
dryer directly without steaming in the atmospheatigamer, spray washing, and vacuuming. For
the samples steamed less than 60 seconds, whibk teime used by our industry partner, the
fluorine content was lower than the acceptableevaldowever, increase in steaming time longer
than 60 seconds did not have a significant effadiuorine content, indicating that the steaming
time of 60 seconds currently used is sufficiere@ch an acceptable value of fluorine content.

The stainblock tests ratings for all finished sagsplhas superior to that of the unfinished carpet.
However, the stain repellency of finished nylon pss decreased with steaming time in the
atmospheric steamer.

The water drop test indicated that the fluoropolystain repellent is operating well. Drops had
a nice spherical-cap shape on the finished nylompses, but penetrated into unfinished carpet
quickly (< 1 min).
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Table X. Fluorine content and stain repellencfirméhed nylon samples in the atmospheric
steamer only.

Steaming] Wet Fluorine Stain
time pickup* | content| repellency
(sec) (%) (%) (grade)

0 154 136 7
30 155 197 6
60 155 325 6

120 152 342 5

*Target wet pickup of 150%.

In Table XI, the results of the fluorine contentlastainblock (stain repellency) tests for the six
combinations of Machnozzle operational parametergeaen. Samples with a steaming time of
zero were dried in the tumble dryer directly afp@ssing through the steam slot applicator and
without steaming in the atmospheric steamer, spi@shing and vacuuming. The results of the
fluorine content test indicate that preheating whtachnozzle without steaming in the
atmospheric steamer is sufficient to incorporatefthorocarbon stain repellency agent into the
carpet structure. This is true for all six combioas of Machnozzle operational parameters.
Similar values of fluorine content were obtainedtfie Machnozzle preheating only to those for
steaming only in the atmospheric steamer for 60rs#x However, steaming in the atmospheric
steamer following pre-steaming with the Machnozitenot increase the fluorine content in the
fiber above that for Machnozzle preheating onlyug, the results indicate that pre-steaming the
carpet after the application of the finishing cheats (stain repellency/stain block) and before
steaming in an atmospheric steamer will not ina@dhe level of fluorine incorporation into the
carpet.

The water drop penetration test results indicase there is no significant difference in drop
penetration into carpet among samples steameckistdamer only and those pre-steamed using
the Machnozzle for the six combinations of operalgparameters.

Samples pre-steamed using the Machnozzle gaveisupainblock ratings (mostly 8 for five
Machnozzle operational parameters) to a rating ofo6 steaming of 60 seconds in the
atmospheric steamer only. The exception was feragjperational condition giving the highest
steam jetting speed. The results indicate thatwadieam jetting speed is preferred for better
stain repellency performance of the nylon finishgmgcess.

A significant advantage associate with using thelazzle lies in the uniformity of the stain
block polymer component of the finish formulatioregent on the carpet pile fiber. The samples
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treated with the Machnozzle had a much better umity of stain blocking performance than
those treated in the atmospheric steamer only.

Table XI. Fluorine content and stain resistancBro$hed nylon samples with Machnozzle
preheating followed by steaming in the atmosph&teamer.

MN Steaming | Wet pickup* Fluorine Stain
operational time (%) content repellency
parameters (sec) (%) (grade)

: 0 152 358 8
8 sl 15 154 263 8
34lb/hP
12 ft/mirf 30 154 297 8
60 156 323 8
6 mils 0 156 317 8
67 Ib/hr 15 153 231 7
6 ft/min 30 156 255 8
60 156 324 8
6 mils 0 154 324 7
90 Ib/hr 15 153 221 7
16 ft/min 30 154 268 7
60 149 296 6
12 mils 0 157 314 7
34 Ib/hr 15 159 264 8
6 ft/min 30 153 287 8
60 153 310 7
12 mils 0 157 286 8
67 Ib/hr 15 157 281 8
12 ft/min 30 155 294 8
60 159 328 7
12 mils 0 153 319 8
90 Ib/hr 15 152 254 8
16 ft/min 30 149 262 8
60 154 298 7

* Target wet pickup of 150%
a. Slot opening width
b. Steam flow rate

c. Conveyor belt speed
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Conclusionsfor Part I: Nylon Finishing Tests

For the samples steamed less than 60 second trtiespheric steamer only for less than 60
seconds, the fluorine content was lower than thee@eble value. However, increase in
steaming time longer than 60 seconds did not hage@ificant effect on fluorine content,
indicating that the steaming time of 60 secondseruly used is sufficient to reach an acceptable
value of fluorine content. Pre-steaming with theadWinozzle without steaming in the
atmospheric steamer was sufficient to incorporag fluorocarbon stain repellency agent into
the carpet structure. This was true for all sixnbmations of Machnozzle operational
parameters. However, the test results indicatesi@@ming the carpet after the application of the
finishing chemicals (stain repellency/stain bloakd before steaming in an atmospheric steamer
will not increase the level of fluorine incorporatiinto the carpet. Samples pre-steamed using
the Machnozzle gave superior stainblock ratingghtt for steaming of 60 seconds in the
atmospheric steamer only. The samples treated thi¢h Machnozzle had a much better
uniformity of stain blocking performance than thasated in the atmospheric steamer only.
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