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PREFACE,

This report was prepared by Albany ilnternational Research Co. under U.S.
Government Contract No. DAAK60-87-C-0061. The study reported was made be-
tween September 1987 and February 1989. Ms. Rita M. Schnair of the Natick
Center Procurement Office was the Contracting Officer. The Project Officer
(the Government's technical representative) at the outset of the program was
Mr, Stephen A. Fossey and in October, 1988 Ms., Peggy Goode replaced
Mr. Fossey in that capacity. Ms, Deirdre T. Rapacz of the Natick Center
3ts°f nrovided technical assistance throughout the progran.

Several Albany International Research Co. staff members shared responsi-
bility for and contributed to the success of the study, as follows:
Ms. Zivilc M, Groh was responsible for all iaboratory evaluations and as-
sisted in many of the processing trials, Mr. James G. Donovan was the Program
Manager and supervised the day~to-day activities of the program and Dr. Joan
Skelton held overall administrative responsibility for the contract and fre-
quently advised on technical matters. Messrs. John K. Gschwind, Carl V,
Leunig and Alan L. Billings of Albany International Corp., Albany, New York,
were largely responsible for development of the bonded, fine (small diamster)
staple-fiber batt pilot-line and they were assisted in this effort by
Ms. Groh and Mr, Donovan of Albany International Research Co. (AI).

Development of a process for making insulating batt from fine (small
filament dlameter), spread, continuous-filament tow was the result of coopera-
tion from several companies in addition to Albany International Research Co.
They were: Northern Feather Co. of Elizabeth, New Jersey, Hoechst Celanese
Corp. of Charlotte, North Carolina and Reliance Products Co., of Oakland,
California, Messrs. Arne Lind~Hansen and Joachim Jacinto of Northern Feather
contributed their time and equipment for the initial spreading trials;

Messrs. Robert 13, Averell and H. M. Nguyen and Ms, Alice W. White and
Ms. Beth Levy of Hoechst Celanese contributed their tow making and tow spreac-
ing expertise; and Messrs, Stanley Grelitzer and Walt Davis of Reliance Prod-

ucts were generous with their time and equipment during the final tow spread-
ing trials,
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PILCT LINE DEVELOPMENT OF HIGH-PERFORMANCE THERMAL INSULATION
I. INTRODUCTION

A synthetic alternative to waterfowl down for use as an insulatoer in
military clothing and sleeping bags was recently developed by Albany Interna=-
tional Research Co., under a previous contract with U.S. Army Natick R, D and
E Center(1v2). Refinement and application of the theories of heat transfer
throush lightweight fibrous assemblies and laboratory analysis of waterfowl
down, commercially available synthetic insulators, and many proposed alterna-
tives led to development of a practical, high performance, down substitute.
The fibrous configuration of the down alternative is described in U.S. Patent
No. 4,588,635, "Synthetic pown"(3), 1In simple terms, it is an open network
of relatively stiff and elastic polyester microfibers (fibers with diameters
less than 12 uym) with a proportionately small number of supporting macrc-
fivers unifeormly distributed through it.

The ¢bjective ¢f the pregram that is the subject of this report has bLeen
to develop commerslally viable processes for production of two variants cof
the general insulater form described in the "Synthetic Down" patent. Al-
though adherence to the precise configuration cf the patented insulator was

not a strict requirement, the Government's insulator performance goals made
utilization of the results of the previous study a very logical, if not inevi-
table, approach.

At the outset of the program, Natick R, D and E Center technical perscn-
nel met with Al Research Co. staff members to discuss and agree upon twc spe-
cific insulator configurations for which manufacturing processes were to be
developed. Specific consideration was given to each of these factors:

1. Insulating efficiency at the low use-density of waterfowl down (ap-
proximately 0.5 1b/ft3),

2. Compressional and water repellency characteristics, which greatly
influence insulating efficiency under adverse field conditions,




3. Insulator durability, especially after exposure to relatively sev-
ere military launderings,

4, Suitability of insulators for "shingle construction," a sleeping
bag assembly method that provides overlap between insulating-batt
layers and stitch-lines and thus prevents "cold spots.”

5. Adaptability of ~urrently availsble processing methods to manufac-
ture of the new insulating forms.

Awareness of these essential considerations, together with the experi-
ence of the previously mentioned contract and other recent Albany Interna-
tional insulator development effoirts, led to ready agreement among Natich
Center and AI Research staff members regarding the two insulator forms that
offered the greatest potential for process development. These were:

1. Bonded staple~fiber batt of the configuration described in Patent
No. 4,588,635, "Synthetic Down," and

2. Spread continuous-filament tow configured to utilize as much as
possible of that which has been recently learned and documented
regarding high performance, high loft insulation.

The process development effort for the bonded staple-fiber batt took
place in an Albany International Felt Division plant in Albany, New York.
All capital investment costs and nearly all on-site labor costs were borne by
Albany International. Contract costs were limited to those incurred by Al
Research Co. personnel involved in specific sample production for the Govern-
ment and in laboratory evaluations made to ensure compliance with the Govern-

ment's objectives. The pilot productinn line now in place is capable of con-
tinuous production of bonded staple-fiber batt, now trade-named "Prima;oftR."
that has performance characteristics that are, with a single exception,

equal to or better than those set forth by the Government as targets in the
subject contract.




The process employed for the pilot-menufacture of high performance,
spread, continuous-filament tow was adapted directly rrom one that has been
successfully used to produce PolarGuardR insulation for many years. Prelimi-
nary experimentation with tow opening and spreading equipment designed and
owned by Northern Feather Co. was followed by experimental tow-producing
trials at Hoechst Celanese Corp. and finally, two successful opening and
spreading trials were made, using the Hoechst Celanese tow, on a modified
PolarGuard production line at Reliance Products Co. in Oakland, California.
The spread continuous-filament tow insulator samples produced during the sec-
ond and final trial at Reliance were recently delivered to the Gevernment.
They mcci most of the contract performance targets and a change in fiver fin-
!sh appears to be ali that is required to produce a wholly satisfactory insu-
lator using the process that is now avallable.

High loft insulator samples produced by each of the two distinctly dif-
ferent methods empleyed are now on hand at Natick R, D and E Center in quanti-
ties greater than 100 yd2 eath, We anticipate that samplcs of this size will
make possible thorough laboratory and field analyses and ensure continuation

of effort with these nigh performance insulator configurations.




II. DEVELOPMENT OF A MANUFACTURING PROCESS FOR A HIGH
PERFORMANCE INSULATOR OF BONDED STAPLE-FIBER BATT

A. Introduction and Summary

In the interim between the completion of AI Research Co./Natick R, D and
E Center Contract No. DAAK6O—83—C-0022(1’2) and the start of the subject ccn-
tract, internally funded AI Research Co. efforts led to development of a
bonded staple-fiber batt insulator. This insulator was similar to the micro-
fiber/macrofiber blends developed under the initial contract, but was a dis-
tinct improvement in that some or all of the macrofiber component was binder
fiber. The preferred binder fiber was cf a bicomponent, side-by-side config-
uration that contributed structural integrity to the insulator without ccmpro-
mising performance properties. Further work at AI Research during the in-
terim between contracts led to a relationship with Teijin Ltd. of Japan, who
developed unique capabilities in the manufacture of beth the microfiber
(0.5 denier polyester staple) and macrofiber (4 denier peclyester/pclyester
bicomponent binder) elements required to produce the optimal form of the

bonded staple insulater.

Developmental work between contracts also led to an understanding of the
processing method that would be required to combine the fibrous components,
open and corient them properly, and bond them to obtain a cohesive and service-
able insulator. Soon after award of the subject contract, Albany Interna-
tional, using self-funding, began the design of a pilot production line based
upen the experience of previous processing experiments. The pilot line was
assembled in an Albany Internaticnal Felt Division plant in Albany, New York
and was used for an extensive series of processing experiments that led tc
several changes in equipment configuration and to a change in fiber finish.
These processing experiments all took place during the term of this contract,
but without cost to the Government. The results are a high performance,
bonded staple-fiber batt insulator and a production method that is commercial-

ly viable.




The bonded staple~fiber insulator samples that were recently delivered
to the Government were evaluated to confirm compliance with the performance
objectives of the ccatract. The data obtained, which is reportad in
Section IV, shows that the performance of the bonded staple insulator com-

pares very favorably to program targets and to the performance of waterfowl
down.

B. Cenfiguration of the Bonded Staple-Fiber Insulator

Developmental work with spun and drawn polyester microfibers (fibers
with diameters <12um), with binder macrofibers (diameters >13um), with fiber
finishes, and with fiber blends in insulating batts was nearing completion,
under AI corpcrate sponsorship, at the time the subject contract was awarded.
The data generated during this development effort provided ample guidance for
selection of a fibrous configuration that would possess the set of properties
defined by performance goals delineated in the Work Statement of the contract.
Target values for the following insulator prcperties were given:

1. Thermal Conductivity

2. Density

3. l,aunderability
a. Thickness Decrease
b. Thermal Resistance Decrease
c. Shrinkage

4, Work to Compress

5. Resilience

6. Compressional Recovery

7. Absorptive Capacity

8. Compressional Strain and

9. Wet Loft Retention

It seemed evident that an 85/15 blend of 0.5 denler, spun and drawn,
polyester staple and U denier, bicomponent, polyester binder fiber would, if

processed properly, provide an insulating batt that would meet performance




objectives in all 11 categories. Consequently, 85/15 blended fiber hand sam-

ples were prepared for laboratory evaluation to confirm compliance with per-
formance goals.

It was found that 10 of the 11 performance objectives cited in the Work
Statement were met or surpassed by the 85/15 blended fiber hand samples. The
target for thermal resistance decreasé due to laundering was the only one not
met; a decrease <10% was the goal but an average decrease of approximately
20% resulted from three launderings made in accord with the severe, hot
water, military method prescribed. However, absolute values of thermal con-
ductivity and thermal resistance after laundering indicated excellent insulat-
ing performance (the post-laundering thermal conductivity value was well with-
in the overall thermal conductivity objective of <0.300 Btu-in/hr-ft2-oF),
Opportunities were seen for improvement to laundering resistance as pilot
production trials progressed and this further reduced concern over the short--
fall measured in only one of the 11 performance parameters.

Excellent agreement between the laboratory performance of the 85/15 hand
samples and contract performance objectives made adoption of the specific
configuration of the hand samples a logical and easy decision. This confiz-

uration was an intimate, uniform blend of two fibers, as follows:

1. Staple polyester fiber, 0.5 denier x 1.5 inches long, 15 to
20 crimps/inch, treated with polydimethylsiloxane finish (this
fiber comprises 85% of the insulating batt, by weight), and

2. Staple, bicomponent, polyester/polyester fiber, side-by-side type,
4 denier x 2 inches long. This fiber functions in the batt as both
binder and stiffener and comprises 15% of the batt weight.

Both ribers are now in production by Teijin Ltd. of Japan. Their speci-
fications have been matched to the needs of the bonded staple~-fiber batt insu-
lator during the past two years, making them truly unique. The 0.5 denier

staple is, to the best of Al's knowledge, the only spun and drawn polyester




microfiver (diameter £12um) that is available, although the prospects for
American production of such fiber appear to be good. The polydimethyl-

siloxane finish used on the 0.5 denier fiber 1s similar to, but an improve-

ment over, the silicone finish that was used on the hand samples delivered to
Natick Center at the conclusion of Phase I of the contract, "Development of
Synthetic Down Alternatives"(1),

its contribution to hand is approximately
the same, the wetting resistance it imparts is somewhat greater, and its laun

dering durability, a factor not considered previously, is very good. The
fact that it is now applied directly by the fiber manufacturer is, of course,
a major advantage in terms of the pilot production objective of this program.

After preparation and evaluation of insulator hand samples made with the

fiber blend described, full attention was given to the problems of pilot pro-
duction.,

C. Assembly of the Pilot Production Line and Initial Trials

At the outset of the contractual effort, Albany International was plan-
ning to subcontract out an initial manufacturing run of bonded, staple-fiber
batt that would include the 100 yd2 required for delivery to the Governﬁent.
However, visits and preliminary trials with several high-ioft insulation
processors and machinery manufacturers made apparent the poor chances for
success with this approach. It was learned that little latitude existed in
requirements for: (1) fiber mixing, (2) fiber pre-opening and feeding,

(3) carding, (4) cross-lapping and (5) bonding. The most inflexitle of these
was the carding machine configuration needed to form opened weos &f the micro-
fiber blend. It was evident that the prospects for locating an operational
production line that included the correct card configuration and all other
required elements were virtually nonexistent. This obstacle threatened

Albany International's corporate objectives for development of a bonded
microfibrous insulator as well as the success of the subject contract.
Consequently, a decision was made to purchase all of the required machinery
and make initial manufacturing runs in-house. Plans were made to install the



pilct 1line in an Albany International Felt Division plant in Albany,

New York, where a woi'k force experienced in carding and related processing
was already in place.

A cooperative effort among Al Research Co. and Al Felt Division staff
members led to design and assembly of the pllot production line that i{s shown
schematically in Figure 1, 1Its primary elements are as follows:

1. Fiber mixing station. Although fiber mixing is the first step in
the process, it remains, as of this writing, the least developed
step in the Al pilot line. Mixing for the batt samples delivered
to the Government was accomplished with a great deal of inefficient
but effective hands-on effort. This approach will be replaced by
an optimal, automatic weighing and blending station during the next
month.

2. Pre-opening and feeding station. Several experiments with pre-
opening and feeding systems for carding machines led t¢ selection
of a CMC Even-Feed. This equipment appears to te uniquely suited
to handling the fine (small diameter) fiber miv in that it trans-
ports fiber, internally, on moving aprons rather than through slid-
ing induced by pressure differentials. It was discovered that
static electricity generation within the microfiber mix in feeders

that transport by sliding makes further processing virtually impos-
sible.

3. Carding machine. Experiments with a wide variety of carding ma-
chines prior to the start of the subject contract identified a card
configuration that is essential to successful opening and web forma-
tion with the microfiber mixture. It is a tandem cy)inder type
manufactured by J. D. Hollingsworth Co, that has stationary, flat
tops and extremely fine metallic clothing (on the order of
400 points/in?),
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4, Cross-lapper. The cross-lapper used to ply the card web into a
batt is equipped with smooth, continuous conveying surfaces and
independent control of each drive section to énsure that there is
no drafting (loss of loft).

5. Bonding oven. A radiant heat conveyor oven having six independent-
ly controlled heater secticns (three above and three below the con-
veyor) was manufactured for AI by Casso-Solar Corp. Independent
heater zone controls provided greater experimental range for both
temperatures and dwell times.

6. Bonded batt wind-up. The wind-up section has thus far had several
experimental forms and will probably be changed again when more

experience is gained with reinforcing scrims and packaging metheds.

sSoon after these components were assembled to form the pilot processing
line, bonded staple-fiber bat{ of good quality was produced using a relative-
ly small shipment of fiber from Teijin's pilot spinning line. However, a
change to fiber from a new, larger Teijin shipment began a long and arduous
period in which static generation within the fiber stock prevented satisfac-
tory processing. Prior experience had led us to expect difficulty due to
static generaticn, which manifests itself in fiber and webs becoming unccn-
trollable and clinging to machinery at points where clean separation is neces-
sary. Recognizing that static generation would be an inherent difficulty in
0.5 denier fiber processing, a concerted effort was made tc adapt the pilct
line to process the fiber of the larger Teijin shipment. Static contrcl
bars, which ionize the air within an inch or two of their surface, werc first
mounted at all points where fiber webs must transfer without cling.ng. Next,
an air ilonizing device and blower were mounted on the feed box and an auto-
matic water misting system was mounted over the entire length of the line.
All of these static control measures, operating together, eventually made
processing of the new fiber shipment possible. However, some compromise in
web quality was necessary and stoppages due to clinging webs remained a prcd-
lem, although a much less frequent one.

1"



Satisfied that virtually all possible static control steps had been
taken, we presented the problem to the fiber manufacturer, Teijin. They re-.
sponded by supplying a series of fiber samples in which small finish changes
had been made in an attempt to better balance the conflicting requirements of
water repellency and minimal static generation. These samples were, in turn,
evaluated by us and a new, optimal, prototype finish combination was identi-
fied. It is a cured polydimethylsiloxane (0.1 to 0.2% add-on, by weight)
that includes approximately 5%, by weight, of an antistatic detergent. After
ocuring of the finish, a spray of Teijin anti-stat T-1 is also applied to the
fiver. The water repellency and processability of fiber finished in this way
proved to be entirely acceptable.

D. Pilot Production of Bonded Staple-Fiber Insulating Batt

The pilot production line that was shown schematically in Figurs 1 and
desoribed above was used to produce 100 yd2 of 60 inch wide, bonded, staple-
riber batt that were delivered to the Government in December, 1988. The line
was operated continuously during production of the 5=roll sample set, as
static generation within the fiber was no longer a problem. Bonding was
achieved by heating the batt to approximately 375°F, with a dwell time cf
about 2 minutes. Four of the five rolls were wound with a 0.5 oz/ydz. nen-
woven polyester scrim on both sides of the batt; the fifth roll was wcund
with the same scrim on only one side. Both options were provided with the
anticipation that the experience of the Natick Center staff in handling them
would help us to identify a preferred scrim arrangement. Although we are
confident that the configuration of the insulating batt itself is nearly opti-
mum, some refinement in packaging may be necessary.

Laboratory data that characterizes the performance of the 100 yd2 bonded
staple-fiber insulator sample will be reported in Section IV, as will corre-
sponding data for the spread tow insulator. Both data sets will bs compared
to program targets.
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III. DEVELOPMENT OF A MANUFACTURING PROCESS FOR A HIGCH PERFORMANCE
INSULATOR OF SPREAD CONTINUOUS-FILAMENT TOW

A, Introduction and Summary

Machinery for opening and spreading continuous-filament tow to form
high-loft batts i{s not now in widespread use and our best efforts to locate
tow spreading equipment in this country provided only two alternatives. The
first was a high-loft tow spreading line designed, built and operated by
Northern Feather Co., Inc., a Danish company with United States plants in
Elizabeth, New Jersey and Elk Crove, Illinois. The second alternative was a
Celanese-designed line at Reliance Products Co. in Oakland, California that
is used to produce PolarGuardR, the only name-branded, continuous-filament,

high loft, sleeping bag and apparel insulator now sold in this country.

Northern Feather expressed a strong interest in adapting the approach
disclosed in the "Synthetic Down" patent(3) to continuous filament production

and so initial development efforts were made with their assistance. Teljin,
Ltd., the Japanese fiber manufacturer that is now supplying 0.5 denier/fila-
ment (dpf) polyester staple to Albany International agreed to prepare 0.5 dpf
polyester tow and 4 dpf polyester binder-fiber tow for opening, mixing and
spreading trials. Two trials on Northern Feather equipment showed

that: (1) the Teijin tow lacked initial cohesion required for feeding into
the opening unit, (2) the static electricity charge generated while process-
ing the 0.5 dpf tow was so great that it precluded continuous operation, and

{3) blending two tow types was not possible with the Northern Feather equip-
ment.

The results of the Northern Feather trials led to a decision to concen-
trate on opening and spreading tow of a single filament size; the size to be
intermediate between 0.5 and 4 dpf and selected using data from "Development

of Synthetic Down Alternatives"(1:2) to ensure close compliance with the in-

sulator performance objectives of the program. Tow with a denier/filament

value of 1.2 appeared to be optimal; processability would be much improved
over tow of 0.5 dpf and most or all performance objectives would remain at-
tainable, As the program progressed, discussion regarding tow requirements
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for opening and Spreading was initiated with representatives of Hoechst
Celanese Corp. Hoechst Celanese (formerly Celanese Corp.) has over 20 years
of unique experience in this field with PoiarGuard and its staff members ex-
pressed confidence in their ability to make 1.2 dpf polyester tow samples
that would be ideally suited for spreading and opening. They also offered to
enlist the help of Reliance Products, now the sole producer of PolarGuard,
with subsequent spreading and opening trials. The line at Relisnce is of the
same bnsic configuration as that at Northern Feather and cannot be used to
mix tow of different filament diameters. However, the Reliance line does

include an optional spray bonding section that provides a ready alternative
to binder fiber.

Two tow sample production runs at Hoechst Celanese and two opening and
spreading trials at Reliance Products proved to be necessary to optimize
processing techniques for production of high loft insulation from 1.2 dpf,
opened and spread, continuous filament tow. The 100 yd2 sample that was even-
tually made is, on the basis of laboratory measurements, a very worthwhile
alternative to most established, commercial high loft insulators.

The text that follows describes the most important ovservations and con-
clusions from each of the four tow spreading trials, with emphasis upon the
fourth and final trial that produced the ophimai insulator sample. Labora-
tory data that characterizes the performance of interim samples is included
in this section. Data for the final 100 yd2 sample will be reported and com-
pared to program targets and to data for the bonded staple-fiber insulator in
Section 1V,

B. Trials 1 and 2 at Northern Feather Co.

At the outset of the program, a 6 lb sample of 0.5 dpf Teijin tow was
available and it was taken to Northern Feather's Elizabeth, New Jersey plant
for a preliminary trial. The small sample was run on a machine used for open-
ing and spreading 5 dpf polyester tow for pillow filling. Although this
trial was limited in scope, it provided us with an important introductinn to
the process and an opportunity to plan and prepare for a trial of greater
scope. The level of fiber opening obtained with 0.5 dpf tow in Trial 1 was
not great., It was limited by:
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1. Inadequate tow crimp that consisted -only of a coarse (about
? crimps/inch) low-amplitude saw-tooth form. Tow prepared for open~
ing and spreading usually has a high degree of low-modulus exten-

sion obtained by both primary and secondary crimping and the need
for this was clearly demonstrated.

2. The tow opening equipment did not have adjustable roll speeds and
it became apparent that this feature was necessary to accommodate

differences in total tow denier, fiber diameter, fiber finish and
crimp.

The opening and spreading line in Northern Feather's Elk Grove, Illinois
plant does have adjustable roll speeds throughout both opening and spreading

sections and primarily for thls reason it became the best choice for the next
trial,

Tow samples for Trial 2 were prepared to our specifications by
Teijin, Ltd. The specifications were based upon our experience in Trial 1
and input from the Northern Feather staff and are summarized in Tables 1 and
2. Approximately 300 1lb of 0.5 dpf, polydimethylsiloxane-treated polyester
tow and 50 1b of 4 dpf, all-polyester, side-by-side, binder fiber tow were
provided and most of the fiber was used during three and one-half days of
trials.

Prior to our work, Northern Feather's Elk Grove tow processing line had
been used exclusively for work with 5 denier fiber in automated production of
comforters. It {s a relatively large, high output system that i{s about
40 feet long (exclusive of the comforter sewing section)., The widest portion
of the line, the nip at the entrance to the cross-lapper, measures approxi-

mately 12 feet. The tow opening, spreading and lapping portion of the produc-
tion line {s shown schematically in VFigure 2.

15



TABLE 1. Description of 0.5 Denier/Filament Tow Used in
Trial 2 (Northern Feather, Chicago) .

Tow Manufacturer: Teijin Ltd., Japan

Finish: Polydimethylsiloxane,

as applied to 0.5 dpf
Teijin/Al staple

Measured Fiber Diameter (um) T.7
Denier/Filament,

calculated from measured

fiber diameter 0.58
Total Tow Denier 136,000
Primary Crimp (no./inch) 18
Secondary Crimp (no./inch) 2.5

TABLE 2., Description of U4 Denier/Filament, Side-by-Side Binder-Fiber
Tow Used in Trial 2 (Northern Feather, Chicago)

Tow Manufacturer: Teljin Ltd., Japan
Fiber Diameter, approximate (um) 20
Denier/Filament, approximate 4

Total Tow Denier, as received 70,000

Total Tow Denier, as used 15,000

Primary Crimp (no./inch) 14

Secondary Crimp (no./inch) 1.2
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The routine, continuous operation of Northern Feather's line can be best

understood with reference to Figure 2 and through separating tie functions,
in sequence, as follows: |

1.

2.

The fiber supply must be specially prepared tow with double crimp
to ensure that the stock can be strained to 2.5 to 3 times its orig-
inal length without stressing the fiber beyond its elasti~ limit.

Passage through the first three roll-pairs (nips) opens the tow
bundle (separates individual fibers) by first stretching it, then
allowing partial, controlled recovery, and finally, upon exit from
the third nip, allowing complete elastic recovery. During passage
through the nips, fiber gripping is nonuniform due to the varying
thickness of fiber subgroups and this results in differential
stretching and longitudinal motion that de-registers the crimp.
The process is assisted by grooved steel rolls running on smooth
rubber rolls in the first two nips. Ideally, upcn total release of‘
tension at the third nip exit, the fibers recover much of their
original cerimp, but the crimp in adjacent fibers is now out-of-
phase, ensuring a degree of permanence to the loftiness that has
been generated.

The opened fiber bundle is spread, incrementally, by successive
passage through four sets of air slots and roll pairs. A low pres-
sure, high volume air-supply feeds each air slot position, through
which the fiber array passes without restriction, under negligible
tension. Air flow through the chevron-configured slots forces the
array outward from either side of its centerline and the spread

width is maintained by passage through a nip at the exit from each
alr-gspreading position.

The final air-spreading position is above a traversing roll-pair
that cross-laps the spread, continuous-filament web onto a fabric
apron moving at a right angle to the path through the opening/
spreading line.
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5. The fabric apron of the cross-lapper can, and usually does, serve
as the bottom fabric covering of a comforter. When comfcrtéré;aré
being produced, the upper fabric covering unrolls onto the cross-
plied batt Jjust prior to its entrance into an automatic, computer
controlled Mammut quilting machine.

The tow spreading trials began with a run of 5 dpf, 350,000 total de-
nier, silicon-treated, ICI polyester tow of the type that is customarily
processed on Northern Feather's equipment. This served as a check for proper
operation of the line and demonstrated to us the efficiency and thoroughness
with which 5 dpf tow can be opened and spread. The only difficulty observed
during this initial run was a tendency for the tow, which became charged with
static electricity while sliding in the opening section, to be attracted to
and wrap completely around the rolls of the spreading section. This problem

was minimized through the use of static-control bars mounted in the positions
shown in Figure 2.

The first attempt to open and spread the 0.5 dpf Teijin tow was duickly
ended when static caused tow wind-up on the spreading rolls. It was socn
realized that the static charge being generated on the tow presented a seri-
ous obstacle to making a successful experimeﬁtal run, Due to very frequent
roll wind-ups, the line could not be run long enough to make adjustments and
determine their effects. The 0.5 denier fiber was much more susceptible to
static induced problems than 5 denier fiber because:

1. For a given total tow denier, the 0.5 denier product has many more
filaments and consequently, much more sliding-fiber surface area
generating static, and

2. The much lighter 0.5 denier fiber (1/10 the weight per unit length)
is more readily deflected by a given static charge and less affected
by the often helpful effect of gravity.

It is fair to say that more than half of the time avajilable to us was
spent {n tryirg to lessen the effects of static bulld=-up so that a run long

enough to be experimentally useful could be made. Many schemes and equipment
changes were tried, including:
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1. Extra hands guiding fiber off the spreader rolls,

2. Reducing the stretch ratio and thus. lessening the amount of slipping
in the stretch section (this had an undesirable effect upon fiber
opening),

3. Repositioning all of the static control bars,

4, Spraying the tow, at vai'ious points on the line, with a fine water
mist,

5. Combining two lengths of tow, and then three lengths to obtain a
heavier fiber array that would be more greatly iniluenced by grav-
ity, and

6. Spraying the stock with "Static GuardR," a consumer product used to
eliminate static cling on clothing. The active ingredient is: "di-
methyl ditallow ammonium chloride."

Most of the above were helpful to some degree, but the last, spraying
the stock supply intermittently with Static Guard, was clearly the most effec~
tive. It allowed runs of 5 to 10 minutes duration, and although each of
these runs would eventually end due to static-induced roll wrap-ups, further
experimentation became possible.

From the outset, the 0.5 denier tow had nct been exiting the opening
section fully opened. Groups of fibers with crimp still in register were
readily noticeable, as was the minimal loft of the fiber bundle. Thus, the
opening section received most of our attention after the static problem had
been brought under partial control. Three factors were thought to be impor-
tant to satisfactory opening, as follows:
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1.

2.

Crimp and cohesiveness of the tow supply. Efforts prior to the
trial ensured that the double crimp in the tow supplicu by Teijin
was appropriate. However, the tow lacked the cohesiveness of the
ICI tow that Northern Feather usually runs. The Teijin tow tended
to separate, twist and fold prior to entering the first nip, whereas

the ICI tow ran continuously as a more-or-less flat, cohesive ribboen.

This problem was minimized by trial-and-error selection of stcck
from the available Teijin fiver.

Dimensions of the grooves in the tep rolls of the stretch section.

Ground vee grooves with truncated crests form the surface of the
top, metal rolls in the stretch section and they run against rubber
covered boltom rolls. The alternating flats and voids along the nip
promote parallel slip/stick motion across the width of the tow, de-
registering crimp and assisting in the opening process. It was the
consensus of those involved that the scale of ﬁhe grooves should be
reduced to accommodate the 0.5 denier fiber, which has a cross-
sectional area only one-tenth that of the 5 denier fiber that is
usually processed on Northern Feather's equipment. However, changes
to the rolls to confirm this hypothesis were certainly not within
the scope of the trial.

Ratios of the roll speeds among the three nips of the opening sec~

tion. As mentioned previously, Northern Feather's line was unique
in that most roll speeds, including those of the opening section,
were adjustable, This made it possible to precisely change the
level of tow strain (speed differential between first and second
nips) and the degree of controlled recovery (between second and
third nips) until optimal opening was achieved. After lengthy ex-
perimentation, a strain ratio of 2.81/1 (181% strain), with partial

recovery to a ratio of 1.72/1 (72% residual strain) was settled upon
as near-optimum,
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adJus:::sirz::v::::Z i:t:::e:na:::ratlon that was eventually achieved through

opening section was substantial and made
the preparation of a viable sample possible. Using a single end of tow, the
level of opening obtained was good, and although room for further improvement
existed, it was apparent that a point of diminishing returns had been reached.
The lapper was set to lay down a 6 ft wide, 4 o0z/yd2 batt and a length of
approximately 48 ft was made before static-induced roll wind-up ended the run.
Surplus comforter cover-favric was used on either side of the batt and the
automatic quilting machine was used to sew four, straight through-stitch
lines, including one at either edge, along the length of the sample. This
stitching was estimated to be just enough to ensure that the sample would
remain intact after being rolled up and shipped.

A tow mixing experiment was also tried after near-optimal roll ratios in
the opening section had been settled upon. A length of 4 dpf, side-by-side
conjugate, all-polyester, binder fiber tow of approximately 15,000 total de-
nier had been prepared (see Table 2) for combining with the 136,000 total
denier, 0.5 dpf tow used throughout the trials. It was learned that little
or no fiber mixing could be induced by feeding the two tow bundles into the
opening section together. As the fiber was spread at the air slot positions
downstream, two fiber bands remained distinctly separate and were easily iden-
tifiable as groups of the two input fibers. We do not envision a means by
which two fiber types could be mixed using this equipment. The most plaus-
fble approach seems to be combining tow after opening in separate, parallel
opening sections, although it {s doubtful that thorough fiber mixing of the
kind achieved with the Al staple fiber blend can be achieved with spread tow.

Laboratory examination and evaluation of the 6x48 foot, 0.5 dpf, continu-
ous-filament bati sample provided a good understanding of the degree of suc-
cess that had been attained. Less than perfect fiber opening, as reported
above, was very evident and negatively influenced Al's overall impression of
the samplé.»
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The most important mechanical characteristics of the continuous-filament
batt sample were measured using the 2.00 inch gauge length and 0.5 1b/ft3
initial density combination that has been standard for vibtually all prior
work. This sample configuration was obtained, as it has been in the past, by
plying several layers of batt. Our intention at the outset of the contract
was to make most mechanical measurements using a single batt thickness and an
initial density of 0.4 1v/ft3, However, the lesser loft of the incompletely
opened, continuous-filament batt sample manifested itself in a minimum den-
sity of about 0.5 1b/ft3, making the originally employed gauge length condi-
tions an inevitable choice. All compression related properties that were
measured are reported in Tables 3 and 4. Most noteworthy of these, in addi-
tion to the relatively poor minimum density (loft) of 0.49 1b/ft3 mentioned
above, was the low average compressional-recovery value of 79%. The compres-
sional recovery target value given in the Work Statement is >90%.

A single thermal conductivity test was performed using a 12x12x2.06 inch
sample with a density of 0.5 1b/ft3 that was prepared by hand-layering batt
sections. The test method employed was the plate~to-plate technique of
ASTM C518(") and all details of the test were identiczal to those employed
during prior Contract No. DAAK60-83-C-0022(1v2). Thermal conductivity data
for the 0.5 dpf spread tow sample is reported in Table 5, together with refer-
ence data for a near-optimum bonded staple-fiber batt and the progham target
value. In spite of incomplete fiber opening, a relatively low and acceptabdle
thermal conductivity value of 0.275 Btu-in/1b-ft2-/°F was measured for the
batt made of spread tow. '
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TABLE 3.

Minimum Density, Compressional Strain and Compressional Recovery
Data for Insulating Batts Made Entirely from 0.5 Denier/Filament
Spread Tow During Trial 2 (Northern Feather, Chicago)

Minimum Density Compressional Strain Compressional. Recovery from

Sample (1b/rt3) at 5 psi (%) from 5 psi (%)
No. Target Measured Target Measured Target Measured
1 0.50 96.3 17
2 0.47 96.5 80
3 0.51 96.4 80
Avg. <£0.h 0.49 295 96.4 290 79
TABLE 4, Work of Compression, Work of Recovery and Resilience Data for
Insulating Batts Made Entirely from 0.5 Denier/Filament Spread
Tow During Trial 2 (Northern Feather, Chicago)
W
Work ;f 33282:§31°n wOr; oil:S§:;ery Resilience (ﬁg x 100)
Sample ¢ r ¢ .
No. Target Measured Measured Target Measured
1 2.24 1.54 0.69
2 2.26 1.56 0.69
3 2.25 1.46 0.65
Avg. £2.75 2,25 1.52 20.55 0.68
Note: The gauge length for these compression tests (Tables 3 and 4) was

2.00 inches; batt density at this thickness was 0.5 lb/ft3., See
text.
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TABLE 5. Thermal Conductivity of a Li

ghtweight Batt Made Entirely
from 0.5 Denier/Filament, Spread, Continuous-Filament Tow
During Trial 2 (Northern Feather, Chicago)

DBattit ?;zt Avg. Apparent Thermal Thermal
ensity . Temp Conductivity, K Resistance, R
Batt Type (1b/££3) (1n) (°F) (Bbu-in/hr-ft3-oF) (hr-ft2-op/Btu)

Spread, c¢.f, tow, 0.u7 2.06 74.5 0.275
100% 0.5 dpf

7.49

Bonded staple,

85/15 blend 0.50 2.06 175.8 0.259 7.94
(0.5 dpf/4 dpf

binder), reference

Target value 0.50 2.00 75 <£0.300 -

The trials at Northern Feather Co. and subsequent laboratory measure-

ments of the most important performance characteristics of the Northern
Feather sample (100% 0.5 dpf tow) showed that:

1.

Mixing 0.5 and U4 denier fiber is not feasible with existing equip-
ment,

Generation of static charge in the tow, which appears to be a con-
trcllable problem with 5 denier fiber, makes continuous operation
with 0.5 denier fiber a doubtful propositicn,

Thorough fiver opening could not be achieved with 0.5 dpf tow and
it appears that experimentation of much greater scope, probably
including opening-section machinery modifications, would be re-
quired to improve opening, and

The 0.5 dpf spread tow sample was poor in terms of minimum density

(loft) and compressional recovery, but its thermal conductivity was
acceptably low.
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Consideration of all of the above led to a revised approach, one based
upon a batt of 100% 1.2 dpf, silicon-treated polyester tow. All that had
been learned indicated that the runnability, the degree of opening attainable
and the mechanical performance of a 1.2 dpf continuous-filament array would
be significantly better than that which was possible with 0.5 dpf tow. Omis-
sion of 4 denier stiffening/binder fiber was regarded as a minor, perhaps
negligible, factor because:

1. The larger diameter, 1.2 dpf fiber would contribute much more to
insulating structure stiffness than does 0.5 dpf fiber. Fiber bend-
ing stiffness is a function of the fourth power of diameter and so
the bending stiffness of 1.2 denier filament (11.1 ym diameter) is
approximately 5.6 times that of 0.5 denier fiber (7.2 um diameter).

2. The greater level of entanglement in a fully opened, continuous
filament batt lessens the need for bonding and the spray adhesive
that is a part of the PolarGuard process could be used, if neces-
sary.

The only performance parameter expecﬁed to be compromised by the change
from 0.5 to 1.2 dpf was thermal conductivity, but ample data was available
from previous work to show that a value <0.300 Btu/hr-ft3-°F (the contract
target value) could still be attained.

C. Trial 3 at Reliance Products Co.

Most of the processing difficulties encountered during Trial 2 at
Northern Feather were clearly attributable to the fineness (small diameter)
of 0.5 dpf tow. However, the lack of tow ribbon cohesiveness described in
the previous subsection (B) was another matter, one that would have caused a
problem with conventional 5 to 6 dpf tow. This deficiency brought to mind
the special requirements of tow used for opening and spreading and the poten-
tial advantage of working with a fiber producer having tow spreading experi-
ence, As related prev.ously, discussion had been ongoing with Hoechst
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Celanese technical staff members. Their interest and ability to produce ex-

perimental quantities of suitable polyester tow had become evident and their
help was enlisted after the results of Trial 2 became clear,

Hoechst Celanese's Salisbury, North Carolina polyester fiber production
plant prepared approximately 700 1b of 1.2 dpr (nominal), silicone treated,
polyester tow for Trial 3. The only silicone finish that could be applied at
Salisbury at that time was the one used for PolarGuard tow, Although we were
aware that somewhat better water repellency could be achieved with another
finish, circumstances forced this issue into the background, at least tempo-
rarily. The dimensional characteristics of the experimental tow sample that
Hoechst Celanese prepared are reported in Table 6,

TABLE 6. Description of 1.2 Denier/Filament Tow Used in Trial 3
(Reliance Products, Oakland)

Tow Manufacturer: Hoechst Celanese Corporatiun,
Charlotte, NC

Finish: Silicone of the type applied to
Hoechst Celanese fiber used in
PolarGuard

Measured Fiber Diameter (um) 11.8

Denier/Filament, calculated

from measured fiber diameter 1.36
Total Tow Denier 459,000
Primary Crimp (no./inch) 15

Secondary Crimp (no./inch) 2.2

Hoechst Celanese (and its predecessor, Celanese Corp.) has a long stand-
ing relationship with Reliance Products Company of Oakland, california. Re-
1fance 1{s the only processor of PolarGuard, the continuous filament, spread
tow insulator originated hy Celanese and has contributed tec the refinement of
the PolarGuard manufacturing process. Hoechst Celanese recommended that the
tow spreading trlal with their tow be made at Reliance and subsequently ar-
ranged the trial on our behalf.
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The configuration of Reliance Products' tow spreading line does not dif-
fer greatly from that of the Northern Feather line, which was shown schemat-
ically in Figure 2. The Reliance line has fully adjustable roll speeds at
all positions, as does the one at Northern Feather, ahd the lines are similar
in physical size. The most obvious difference is one that proved to be impor-
tant to this program, i.e., the Reliance cross-lapper feuds directly to a
spray-adhesive station and adnesive-curing oven. It was found that the use
of a small amount of spray adhesive greatly improved the integrity of the
batts formed, obviating potential handling difficulties prior to sewing them
into end-use products.

A highly satisfactory level of fiber opening (separation) was obtained
at the outset of the first Reliance trial (Trial 3) through adjustment of
roll speed ratios in the opening section. However, a deliberate reduction in
fiver opening then had tc¢ be made to allow control of the opened fiber; the
opened volume of the 459,000 total denier tow could not be accommodated at
the first air-spreading station immediately down-stream of the opening sec-
tion, Although this reduction in fiber opening was a significant compromise
in terms of the quality of the insulating batt that could be produced, it was
required to ensure that the trial could continue,

The imperfectly orcned fiber web proved to be relatively tractable at
most points beyond the opening section, although the small fiber diameter and
static generation made cross-lapping and transport of the cross-lapped webs
(batt) somewhat difficult. The advantage of employing the optional spray
adhesive became obvious and it was used to treat most of the sample batt pro-
duced. As the trial progressed, slight mismatches in transport belt speeds
developed and/or became apparent. These caused drafting and loss of loft as
the batt passed through the adhesive drying oven. Poor release from trans-
port belts that were tacky with accumulated adhes{ve exacerbated drafting and
loft loss and further reduced the utility of the batt samples produced. None-
theless, insulating batt of fair quality and appearance was produced and re-
turned to our Mansfield laboratory for evaluation. Agreement between perform-
ance test results and contract target values, as shown in Tables 7, 8 and 9,
was found to be quite good and the prospects for imprcvement through batter
fiber opening and greater loft were strong.
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TABLE 7. -Minimum Density, Compressional Strain and Compressional Recovery
Data for Insulating Batts Made Entirely from 1.2 Denier/Filament

Spread Tow During Trial 3 (Reliance Products, Oakland)

Minimum Density Compressional Strain Compressional Recovery from

Sample (1b/£t3) at 5 psi (%) from 5 psi (%)
No. Target Measured Target Measured Target Measured
1 0.49 96 83
2 0.45 96 87
3 0.49 96 82
y 0.49 9¢ 73
Avg. 0.4 0.48 295 96 >90 81

TABLE 8. Work of Compression, Work of Recovery and Resilience Data for
Insulating Batts Made Entirely from 1.2 Denier/Filament Spread
Tow During Trial 3 (Reliance Products, Oakland)

Work of Compression

Sample wc ({Efin)
No. _ Target Measured
i 4.09
2 4.03
3 u001
4 3.74
Avg. £2.7% 3.97

) v

Work of Recovery Ny
W, (1b-in) Resilience (Wc x 100)
Measured Target Measared

2.24 0.55

2.06 o

2.09 o oo

213 0.59

21 20.55 0.5

Note: The gauge length for these compression tests (Tables 7 and 8) was

2.00 inches; batt density at this thickness was 0.5 1b/ft3.,

See text.
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TABLE 9. Thermal Conductivity of a Lightwelight Batt Made Entirely

from 1.2 Denier/Filament, Spread, Continuous-Fil N
» : - ament Tow .
During Trial 3 (Reliance Product;, Oakland) T

Batt Batt Avg. Apparent Thermal Thermal
Density Thk. Temp Conduetivity, K Resistance, R
Batt Type (1b/£t3) (in) (°F) (Btu=in/hr-rt2-oF) (hr-ft3-°F/Btu)

Spread, c.f. tow, 0.50 2,00 75.1 0.302 6.61
100% 1.2 dpf

Bonded staple,

85/15 blend 0.50 2.06 75.8 0.259 7.94
(0.5 dpf/4 dpf ‘ '
binder), reference

Target value 0.50 2.00 175 £0.300 -

The potenti{al demonstrated during Trial 3, together with a strong sense
that most of the difficulties encountered were understood and resolvable, led
tc plans for a previously unanticipated fourth trial. Hoechst Celanese of-
fered to prepare 1.2 dpf tow samples of about one-half‘the total denier used
for Trial 3 to make complete opening possible and Reliance Products Co. under-
took to change soveral process conditions that had contributed to drafting
and loft loss,

D. Trial 4 at Reliance Products Co.

The fourth and final tow spreading trial of the program was, without
doudbt, the most successful. We were able to apply much of what had been
learned in the first three trials toward production of good quality, continu-
ous filament, high loft insulator samples that are unigue. They are, to the
best of our knowledge, comprised of much finer (smaller diameter) filaments
than any similar insulator and, consequently, offer much greater insulating
efficiency. With one or two minor ekceptions, the difficulties encountered
during the previous {rial at Reliance Products were successfully addressed
and this minimized operational interruptions and allowed us to give full at-
tention to fine tuning the process.
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The greatest handicap during the previous Reliance trial (Trial 3) was
the need to deliberately limit fiber opening in order to contain the opened’ﬂ
tow bundle as it passed through the spreading section. A much preferred ap-
proach to controlling the opened tow was possible for the final trial; |
Hoechst Celanese prepared a new tow sample of much smaller tdbal deﬁier
(about one-half) so that it could be fully opened and still be contained in
the spreading section. The individual filaments in the new tow sample were
the same nominal size (1.2 denier/filament) as those of the tow used for
Trial 3 and the finish was the same. The essential physical characteristics
of this final tow sample are reported in Table 10 below.

TABLE 10, Description of 1.2 Denier/Filament Tow Used in Trial U4

Tow Manufacturer Hoechst Celanese Corporation
Charlotte, NC

Finish Silicone, as applied to Hoechst
Celanese fiber used in PolarGQard

Measured Fiber Diameter (um) 11.5

Denier/Filament, calculated

from measured fiber diameter 1.29

Total Tow Denier 246,000

Primary Crimp (no./inch) 20

Secondary Crimp (no./inch) 3

In preparation for the final trial, we initiated discussion with Hoechst
Celanese and Reliance Products personnel regarding several minor coperational
and equipment problems observed during Trial 3. Consequently, most of these
were addreased by Reliance prior to Trial U, and this effort ensured that the
final trial progressed smoothly and efficiently. The equipment details given
attention prior to the trial were as follows:

1. Conveyor speeds were matchied to eliminate the drafting (and loft

loss) that was a problem at several points on the processing line
during Trial 3.
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2.

3.

Two short conveyor sections that had been fouled with residual

spray adhesive, preventing clean release and causing batt irregu-
larities, were covered with polyethylene film. This was very effec-
tive in eliminating the difficulty. However.va similar problem
existed on at least one of the through-oven conveyors, but the
high-temperature and air-flow requirements made resolution more
difficult. Consequently, during the final portion of the trial.
when our optimal samples were being produced, the batt was continu-
ally guided off the most troublesome oven conveyor by two pairs of
hands.

The spray adhesive application equipment was changed slightly to
eliminate batt surface disturbances from the spray blast and to
soften the hand of the batt. One of the two pairs of traversing
spray nozzles was made inoperative; finer nozzles were installed at
the two spray points that were used; and spray pressure was ad-
justed to the minimum that would give smocth, droplet-free opera-
tion. This pressure was fpund to be 25 to 30 psi.

These preparatory changes and, perhaps mecst importantly, use of tow cf
more suitable weight (total denier), enabled us to begin the final trial with

the entire opening, spreading, cross-lapping, bonding and curing system oper-

ating smoothly. This was a first and a bona fide indicator of progress.

With each station in the line performing reasonably well, we were finally

able to concentrate upon fine tuning and the following adjustments were made:

2.

Near-optimal opening was obtained by adjusting the relative speed
of the stretch rolls. The roll speed ratio finally adopted was
2.4/71. '

The traversiag speed of the cross-lapper was adjusted to yield a
final batt density of 4 to 5 0z/yd2,
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3. The angle and height of the floor apron under the cross-iapper was
carefully adjusted, over time, to minimize the free-fall time of -

the web, which 1n‘turn minimized the negative effect of air drafts
upon batt uniformity.

b, Final adjustments were made to the adhesive spray pressure (it was
left at about 25 psi) to obtain a batt with minimal, but effective,
bonding and a soft hand. No measurements of adhesive add-on were
made, but the machine operators agreed upon an estimate of 10%.

The adhesive was a Rohm and Haas acrylic latex (methylacrylate),
No. TRUOT.

5. The adhesive curing conditions that apparently yielded the best
results were an oven air temperature of 240°F and a total dwell
time of approximately 8 minutes {n the three-pass oven,

The spread, continuous filament insulator produced after the above ad-
Justments had been made appeared to be of very good quality. Hand, loft,
degree of fiber-opening, and overall appearance were all judged to be very
good. However, careful examination of the samples shows that some minor,
systematic nonuniformity exists. It is a result of: (1) a tendency of one
tow edge, about one-half inch wide, to fold slightly, (2) air-turbulence in-
duced wrinkling and folding that occurred in the lapper (this was minimized,
as described above, by adjusting apron clearance) and (3) sticking on oven
brattices at one or two inaccessible release points. The net effect of these
irregularities is small and we are sure that they could be eliminated with
minimal effort. We did not expect them to have any significant, adverse ef-
fect upon the performance properties that were to be measured.
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IV. LABORATORY CHARACTERIZATION OF PILOT LINE INSULATOR SAMPLES

A Performance Goals and Test Methods

Laboratory test methods that had been adopted during Phase I of the
prior Al Research/Natick Center insulator development program and described
in NATICK/TR-86/021L(1) were employed for this work. Their utility had been
proven and their use in this program ensured that the newly obtained data
could be compared directly to data for the previous, successful insulator
samples. This advantage was apparently recognized in drafting the Work State-
ment of the subject contract, which includes the following compilation of
properties targets and test methods to be employed:

"1. Thermal Conductivity: <0.300 Btu-in/hr-ft2-o°F (0.43 W/meC) at
0.5 1b/rt3 (8.0 Kg/m3), measured by ASTM C518.

2. Density: <0.4 1b/ft3 (6.4 Kg/m3), thickness measured at 0.002 psi
{(0.0138 kPa). ’

3. Launderability: 3 cycles <25% thick.ess decrease, <10% thermal
resistance decrease, shrinkage 55%. Prepared and laundered as
specified in Cotton Procedure Method 5556 of FED-STD-191A except,
one sewn on balloon cloth side of each specimen shall be marked in
accordance with the procedure for marking woven cloth specimen for
dimensional stability determination. Drying temperature 130 tc
150°F, not moistened or pressed after drying. Thickness measured
at 0.002 psi (0.0138 kPa), thermal resistance measured by
ASTM C518,

4, Work to compress: <2.75 1b-in (0.113 N-m), per MIL-B-41826F sec~-
tion 4,3,2 except stress limits of 0.002 psi (0.0138 kPa) and
5.0 psi (34.5 kPa).

5. Resilience: >55%: work of recovery divided by work to compress.
- Work of recovery per MIL-B-U1826F section 4.3.2 except stress
limits of 0.002 psi (0.0138 kPa) and 5.0 psi (34.5 kPa).

35



6. Compressional Recovery: >90% from a stress level of 5.0 psi
(34.5 kPa) as per MIL-B-41826F section 4.3.2.

7. Absorptive Capacitv: not more than 150% water retention after
20 min., based on ASTM D1117 as modified in NATICK/TR-86/021L p. 88.

8. Compressional Strain: >95% € 5.0 psi (34.5 kPa) per MIL-B-41826F
section 4.3.2 except initial thickness at 0.002 psi (0.0138 kPa).

9. Wet loft retention: >95% with 2T min. wetting and >50% over 6 hrs.
based on ASTM D1117 as modified in NATICK/TR-86/021L p. 88."

Most of the above test methods were followed explicitly to obtain the
data that follows. However, in some cases, minor test method changes or addi-
tions were necessary to fully and accurately characterize the performance
properties of the prototype insulators. The thermal conductivity test rou-
tine was expanded, several minor changes were made in £he test laundering
procedure, and the compression testing series was extended. These test
method changes and additions will be explained below.

Thermal conductivity and thermal resistance measurements were the cnly
ones not made in our Mansfield laboratory. Experience of the past several
years has shown that this testing can be done most efficiently and very reli-
ably by Holometrix, Inc. (formerly Dynatech) of Cambridge, Massachusetts.
Early in the program, concern existed regarding meaningful measurement of
thermal resistance after laundering by the severe military method prescribed
in 3., above., We anticipated, and confirmed through preliminary evaluations,
that fiber shifting and forming of thick and thin sections within the insula-
tor would be the principal mode of deterioration. This consideration, to-
gether with the relatively small 4xY4 inch measuring area of the Rapid K in-
strument that Holometrix has used for most of our insulator v »k, posed a
potential problem. Due to the long time required for each test, the subs=-
quent cost, and the relative reliability of the method, very few test repli-
cations are usually made. This approach, however, appcared much less valid
for evaluation of the thermal resistance of batts in which fiber had shifted.
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Our alternative approach was to employ an instrument with a larger measuring

area to bstter average the net effect of nonuniform fiber distribution. Such
an apparatus, the R-Matic, was avallable at Holometrix. Its measuring area
was one of 12x12 inches, in the center of a 2U4x24 inch sample (in contrast to
Uxl4 and 12x12 inch measuring and sample areas, respectively, for the Rapid K).
Both instruments are plate-to-plate types that are used in compliance with
ASTM Method €518(%), The most significant difference is that the larger
format R-Matic can be operated only with heat flow upward, whereas most data
that we have previously reported(“3) was obtained on the Rapid K with heat
flow downward. Consequently, to provide data of greatest utility, we

chose: (1) to test some samples with the Rapid K in the heat flow downward
mode to facilitate comparison with previous work and (2) to test the launder-
ing samples, before and after laundering, with the R-Matic with heat Tlow
upward. In both instances, the temperature of the hotter plate was 100°F and
that of the cooler was 50°F,

The laundering‘method used as part of the test procedure for characteriz-
ing the launderability, or the resistance to laundering, of. the insulater
prototypes was specified in the Work Statement of the contract. It is de-
scribed as the "Cotten Procedure" of Method 5556 of Federal Test Method Stan-
dard No. 191A{5), Each washing cycle consists of six operations, as follows:

1. Washing for five minutes with a water temperature of 100°F,

2. Washing'for five minutes with a water temperature of 140°F,

3. Rinsing for three minutes with a water temperature of 140°F,

y, Rinsing for three minutes with a water temperature of 120°F,

5 Rinsing for three minutes in a sour solution with a temperature of
100°F, and

6. Rinsing for three minutes with a water temperature cf 100°F,

The washer is drained and refilled between each of the six operations
that comprise one laundry cycle, and this is followed by machine drying.
Three such washing and drying cycles are the test treatmeni specified in the
Work Statenment.
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At the outset of the program, 111 of the essential details of thé laun-

dering procedure were discussed with Natick staffr members and several minor

deviations from the "Cotton Procedure"

of Method 5556 were agreed upon. They
were as follows:

1. The cover fabric used to make quilted fabric/insulating batt/fabric

washing samples is specified as "cotton balloon cloth" but we were
advisgd that, to comply with current Natick Center practice, a
nylon taffeta should be used. The taffeta is 2.0 0z/yd2 fabric

described in MIL-C-21852E, Int. Amendment 1(GL), Type III,
Class 1(6),

2. Method 5556 prescribes the use of a specific, large, commercial-
laundry scale wash wheel and dryer, but it was agreed that the stan-
dard household units in our laboratory could be effectively substi-
tuted, Care was taken to ensure that each step in the laundering
cycle complied with that specified in terms of duration, water tem-
perature and dryer stack temnerature.

3. We were advised that the synthetic detergent specified, Igepon 77,
should be replaced by Igepon 73 for Natick Center evaluations and
that consistent with thlis, the amount of detergent used should be
changed as well.

By incorporating the changes suggested and developing techniques for
accurately controlling wash and dry cycle times and temperatures, we estabd-
lished a laundering procedure that duplicates the essentials of the one that
the Government will employ in subsequent evaluations.

Our experience with the laundering procedure served to emphasize its
severity. Each washing cycle includes six complete machine fillings and
drainings, two with water that is hotter (140°F) than is available for most
home launderings, one with water that is considered "hot" (120°F) in home
laundry machines, and three with "warm" water (100°F). In contrast, conven-
tional home launderings usually consist of only two fillings and drainings,
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one for washing and one for rinsing. Hang tag recommendations for Albany
International's bonded staple-fiber insulator will specify this kind of con-
ventional machine washing, using cold water for both washing and rinsing.

The compression test sample configuration that was first adopted under
the prior Al Research/Natick Center{1) insulator development program has been
in regular use in our laboratories since that time and has been used to gen-
erate a large body of reference data. This configuration is: a cylindrical
disk of 5.70 inches diameter, with a height of 2.00 inches (the initial gauge
length) and a density of 0.50 1v/ft 3. Frequently, batt samples must be plied
together, using partial batt thicknesses {(separated web layers) to obtain the
2.00 inch gauge length and 0.50 1b/£t3 density combination. This is not as
cumbersome or inconvenient as it may seem and its merit, in terms of facili-
tating many direct materials comparisons, is without question. Consequently,
use of thls sample configuration for measurement of all compressional proper-
ties was an obvious and logical choice. However, one compressional property
target, that of work-to-compress, is a direct function of° sample thickness
and it is apparent that the target value given (52.75 1b-in) is for the
4 0z/yd2, 0.4 1b/ft3, 0.8 inch thick batt configuration required for Govern-
ment delivery. This made compression testing using delivered-sample thick-
nesses necessary as well., Thus, two sets of compressional data were obtained
and are reported; this approach ensures completeness and the broadest util-
ity of the data package.

B. L.aboratory Evaluation

The final stup in this pilot line development program was laboratory
evaluation of the bonded sta,ie-fiber batt and spread continuous-filament tow
prctotypes that were produced. Most of the laboratory performance data ob-
tained for the two prototypes compares very favorably to program targets,
demonstrating strong potential for both pilot processes and both insulator
forms, Althéugh some minor performance shortfalls were discovered, we think

that they can be corrected and that they do not detract from the viability
demonstrated for both insulator types.
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The data that follows includes: individual test results, averaged re-

sults, comparisons with program targets and a data summary. Although most of
this data can be readily interpreted and compared directly to program tar-

gets, some discussion regarding the most obvious performance advantages and
the resolvable chortfalls mentioned above is warranted.

In accord with a fundamental finding of the previous AI Research/Naticy
Center insulation development erfort(‘v2), relatively stiff (high modulus)
microfibers with diameters in the T to 12 micron diameter rauge were utilize-
to the maximum degree possible, in both insulator forms, to obtain optimum
insulating efficiency. Compressional performance and processability are di-
rectly affected by fiber diameter also, and so compromises, described in pre-
ceding sections, were important in the selection of fiber diameters for both
insulators., Performance data obtained for the two prototypes shows that
these compromises were generally successful. Thermal conductivity data is
shown in Table 11, &tngether with the program target value and reference
values for MIl, Spec waterfowl down, QuallofilR and PolarGuard. While the
thermal conductivity of the bonded staple blend gives it a distinect advantage
over the spread continuous-filament tow, both compare favorably to the value
for waterfowl down and to the program target. The insulating advantage that
each offers over Quallofil, a premium, high-loft, staple-fiber insulator and
over PolarGuard, the only commercially available, continuous-filament insula-
tor, {s substantial., For example, the bonded staple blend has a thermal con-
ductivity of only 0.259 Btu-in/hr-ft2-°F, compared to 0.401 Btu-in/hr-ft2-°F
for Quallofil; this indicates 55% greater insulating efficiency.

Mechanical characteristics such as minimum density (loft), compressional
strain at § lb/inz, compressional recovery from 5 1b/in2, work of compres~
sion and recovery, and resilience are reported in Tables 12, 13, 14 and 15,
Our use of two different gauge length conditions, one to ensure compliance
with the intent of the Work Statement and one to provide data that can be
compared with that of the previous contract(1:2), doubles the scope of the
compressional data. However, either data set can be used to obtain a valid
understanding of the compressional chavactekistics of the two prototypyes.
Data for MIL Spec waterfowl down is included in Tables 12, 13, 14 and 15

4o



TABLE 11. Thermal Conductivity of Two Insulator Prototypes

Batt Batt Avg. Apparent Thermal Thermal
Insulator Densitg Thickness Temp Conductlvityé K Resistance, R
Candidate (1b/£t3) (inches) (°F) (Btu-in/hr-ft2-oF) (hr-ft2-°F/Btu)

Bonded staple,

85/15 blend 0.50 2.06 75.8 0.259 7.94
(0.5 dpf/4 dpf)
binder

Spread

continuous- 0.50 2.00 74.2 0.282 7.09
filament tow

(1.2 dpf)

Program
Target : 0.50 2.00 75.0 <0.300 --

Reference:

Duck down per

MIL-F-143097G 0.50 2.06  ~T5 0.271 7.62
T 11, €1 1(1,7)

Reference:

Quallofril(8) 0.50 2.06 75.9 0,401 5.14
Ref'erence:

PolarGuard(1) ~0.50 ~1.1 75 ~0.377 --

- All tests were made in accord with the plate/sample/plate method described in
ASTM ¢518(4),

+ Heat flow was downward; Ty = 100°F; Tp = 50°F,

« A 0.5 oz/yd2 non-woven scrim was used on the top and bottom of all samples.
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for reference. Both prototypes can be generally characterized as down-1ike

in their compressional properties, although the bonded staple batt is more so.
The compressional test data of Tables 14 and 15, for which the gauge length
was set at the thickness of each U4 oz/yd2 test batt, is perhaps more appro-
priate for comparison with program target values. The data for bonded staple
batt is within all target values, and the only shortfall for the spread tow
prototype is in resilience. This shortfall is not great (an average value of
0.48 was obtained; the target value was 20.55) and, through changes in fiber
finish and surface bonding, could probably be eliminated.

Three program targets relating to laundering durabilify were given; each
was an allowable decrease in dimension or performance after three of the pre-
viously described laundering cycles. Values for thickness change, planar
shrinkage ("outer seam shrinkage") and change in thermal resistance (R Qalue)
are reported in Table 16, together with the corresponding target values and
several r2lated measurements. Also given in Table 16 are data sets for two
bonded staple batt samples that were laundered using the AT consumer recommen-
dation of cold water wash/cold water rinse. The quilting pattern of these
gamples differed from that of the "military" washing samples; the "consumer"
washing samples had a 6 inch square stitch-line layout, whereas the "mili-
tary" samples had parallel stitch lines (forming channels) spaced at 6 inches.
The cold water washed samples with the alternative quilting layout were in-
cluded to measure and demonstrate the laundering resistance of the bonded
staple insulator under the much less rigorous consumer conditions., Some
fiver migration occurred during laundering by both methods, but it was mini-
mized under the consumer conditions and dimensional and performance changes
were well within the program targets (see Table 16). However, use of the
military method resulted in a relatively large thickness decrease of 22% (the
target was <25% and a decrease in thermal resistance (28%) that was greater
than anticipated and significantly greater than the target of <10%. The pros-
pects for improving the launderability of the bonded staple batt through im-
proved fiber-to-fiber bonding are, we think, quite good, AI-funded experimen-
tation toward this end is now underway and we plan to report the results to

the Government, independently of this contractual effort, as soon as possi-
ble.
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Table 16 also shows that the laundering resistance of the spread con-
tinuous~filament tow insulator, even under the severe military conditions, is -
very good; for example, the maximum change measured in thermal resistance was
only 4%. The 6 inch channel construction, with stitch iines parallel to the
insulator machine direction that is specified iyor the laundry samples opti-
mizes the performance of the spread tow configuration, The orientation of
the spread continuous-filaments is nearly perpendicular to the machine direc-
tion (as a result of cross-lapping) and so through-stitching parallel to the
machine direction locks the filaments into place with a degree of permanence
that is unique. This sewing-line/fiber orientation should, of course, be

utilized in as many continous-filament tow insulator applications as pos-
sible.

The water repellency of the two prototype insulators was characterized
by measuring: (1) weight increase after 20 minutes of immersion ("water ab-
sorptive capacity;" Table 17), (2) loft (thickness) retention after 20 min-
utes and after 6 hours of immersion (Table 18) and (3) density increase after
20 minutes and after 6 hours of immersion (also in Table 18). The third
parameter, density increase, manifests the net result of the first two. The
water repellency of the bonded staple insulator, in terms of all three param-
eters, is extremely good., An average absorptive capacity, after 20 minutes,
of 106% (6% weight increase due to water absorption) was obtained, which is
low in any terms and is very low compared to the 5150% target. The loft re-
tention for 3.4 oz/yd2 bonded staple samples, after both 20 minutes and
6 hours of immersion, was 100%; {.e., the thickness did not change. The much
heavier, standard compression samples, which are 2 inches thick and have an
areal density of 12.0 o0z/yd2, retained 97% of their loft after 6 hours of
immersion. The net effect of 6 hours of immersion on these heavy, worst
case, samples was an average density increase of only 18%. All-water repel-
lenoy related measurements for the bonded staple batts yielded values well
within the program targets., Tnhis performance {s, we think, a result of fin=
ish optimization and the relatively small interfiver pores in the uniformly
opened, microfibrous batts.
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TABLE 17. Water Absorptive Capacity of Two Insulator Prototypes
After Twenty Minutes of Immersion
Spread Continuous~
Bonded Staple Batt Filament Tow
Wet Absorptive Wet Absorptive
Weight Capacity Weight Capacity
Roll No. (g) (%) (g) (%)
1 1.56 104 14,31 954
1.55 103 7.83 522
1.55 103 10.76 717
2 1.61 107 8.70 580
1.61 107 16.57 1104
1.58 105 11.53 769
3 ©1.56 104 11.66 1717
1.58 105 18.96 1264
1.57 105 10.18 679
Yy 1.59 106 9.97 665
1.64 109 15.83 105%
1.58 105 13.28 885
5 1.59 106 -- ==
1.60 107 - ==
1.63 ° 109 -- -
iverage 1.59 106 12,46 831
Program
Target -~ <150 -- £150

All of the above is based upon a dry sample weight of 1.50 g.
Absorptive capacity was calculated by the method implicit. in the
Work Statement, i.e., wet weight divided by dry weight times 100
to obtain value as a percentage.
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The water absorptive capacity of the continuous~-filament tow insulator
prototype was found to be surprisingly high, as reported in Table 17. The
average capacity, after 20 minutes of immersion, was 831% (the target value
{5 £150%); the water absorbed increased the sample weight eightfold. The
loft loss of these samples (Table 18) was greater than that of the bonded
staple batts, but was acceptable in terms of program targets. Density in-

creases, due primarily to the high water absorntion rate, were also very
high.

Midway through the spread tow insulator development, as plans for a more
appropriate tow supply were being made with Hoechst Celanese, a decision was
made to employ the standard PolarGuard water-repellent finish, Later, during
process development at Reliance Products, the advantage of utilizing the in-
place spray adhesive system used for PolarGuard became evident and it, too,
was adopted. Each of these decisions was made with the anticipation that the
water repellency of the fine-denier spread tow prototype would be at least as
good as that of PolarGuard. The unexpectedly poor result led to closer labo-
ratory observation and it was discovered that the surface adhesive, a methyl-
acrylate, was extremely hydrophilic and responsible for the insulator's low
water repellency. It was found that inner portions of the continuous-
filament tow batts, those unaffected by the surface adhesive, had a water
absorptive capacity of approximately 125% after 20 minutes of immersicn (the
target value is <150%). Thus, we concluded that the standard silicone finish
used for PolarGuard would provide the required water repelléncy. At this
point, we cannot specifically attribute the spray adhesive deficiency. Suspi-
cion that the curing temperature used at Reliance Products may have been too
low led to several attempts at post-curing in our laboratory, but without any
significant improvements in water repellency. However, we are certain that
improvement in the water repellency of the adhesive could be made. We would
first experiment with curing conditions and then, if a water repellency defi-
ciency still existed, investigate hydrophobic additives for the adhesive.
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V. SUMMARY OF INSULATOR LABORATORY EVALUATION, OVERALL
FUNCTIONALITY AND MANUFACTURING FEASIBILITY

A, Summary of Laboratory Evaluation

The two insulator forms for which manufacturing processes were developed
are similar in that the fibrous components of each were selected, with empha-
sis upon diameter and finish, to utilize the findings of the recent, previous
Al Research/Natick Center study(1s2). Consequently, each provides perform-
ance that approximates that of waterfowl down. 1In fact, the performance char-
acteristics of the bonded staple fiber batt are equivalent to or better than
those of MIL Spec down. The performance characteristics of both prototypes
are summarized in Table 19, together with program target values and reference
values for 80/20 down/feathers, water repellent treated, MIL Spec waterfowl
down. The general compliance of the individual performance characteristics
of both forms with program targets and favorable comparison of these charac-
teristics with those of down are readily apparent in Table 19. Most note-
worthy among the performance properties of the prototypes are: '

1. The very low thermal conductivity values achieved for both,

2. The laundering durability of the continuous-filament tow form,

3. The excellent correlation between the compreésional properties of
the bonded staple batt and those of down (the down-like hand of the
bonded staple form is a result of this),

y, The extremely low water absorption exhibited by the bonded staple
batt, and

5. The excellent wet loft retention of both prototypes.

Each prototype form also exhibited one significant shortfall among the
properties measured, as follows:

1. The bonded staple batt, although performing very well in home-
consumer laundering tests, did not fully meet program targets for
resistance to military laundering. The thermal resistance decrease
due to laundering was 28% in comparison to a target value of <10%.
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TABLE 19,

Bonded Staple-

Summary of Performance Properties for Two Insulator Pfototypes

Spread Program MIL Spec?

Performance Property Fiber Batt C.F. Tow Target oowﬁ
Thermal conductivity 0.259 0.282 <0.300
(Btu-in/hr-ft2-oF) 0.3 0.2
Minimum density 0.41 0.uY <0.40 0.24b
(1b/£t3) -
Thickness decrease due 22 y <25 --
to laundering (%) -
Thermal resistance 27 3 <10 --
decrease due to -
laundering (%)
Shrinkage due to 1.8 1.5 <5 -
laundering (%)
Work to compress 1.43 2.23 €2.75 2.11d
(1b=in)¢
Resilience® 0.59 0.48 >0.55 0.53d
Compressional strain 96 95 295 gud
at 5 1b/in2 (%)
Compressional recovery 9 9 >90 1094
from 5 1b/in2 (%)¢
Absorptive capacity; 106 831 <150 161
20 minute immersion
time (%)
Wet loft retention; 100 97 >95 774
20 minute immersion
time (%)¢
Wet loft retention; 6 hr 100 86 250 59d

{mmersion time (%)C

a. Reference data for down/feathers, 80/20, per MIL-F-43097G, Type 1I,

ciass 1(1,

b. The minimum density that can be measured should be differentiated from
the as-used density, which typically is about 0.5 1b/ft3.

c. The compressional properties data set selected for the above summary and
for final comparison with program targets is the set based upon gauge

Compressional data
for tests made with a 2.00 inch gauge length was also included herein
(Tables 12 and 13) to provide direct comparisons with previous work.

d. This data was obtained using a 4 oz/yd2 layer of down with a gauge
length of 0.80 inch and an initial density of 0.42 1b/ft3 to provide

lengths equal to as-delivered sample thicknesses.

directly comparable reference data.



2, The spread continuous-filament tow prototype absorbed water at an
unacceptable rate. Its absorptive capacity after 20 minutes of
immersion was 831%; the target value was £150%.

This summary of positive and negative performance characteristics, to-
gether with the data summary of Table 19, provides a realistic overview of
the potential of both insulator prototypes. Although each has one deficiency
that is significant in terms of the intended military application, these de-
ficiencies appear to be correctable. In each case, focused product improve-
ment effort will almost certainly make each insulator form an outstanding
alternative to high loft insulators now in use. The insulating efficiency of
the prototypes, as indicated by low thermal conductivity values of 0.259 and
0.282 Btu-in/hr-ft2-°F for bonde- staple batt and spread continuous-filament
tow, respectively, make them unique among synthetic insulators. Thermal con-
ductivity reference values for Quallofil and Polarduard. previously given
herein, are 0.40%1 and 0.377 Btu—in/hr-ft2'°F, respectively. A thermal conduc-
tivity value of 0.:71 Btu-in/hr-ft2-°F was previously measured, and also re-
ported herein, for MIL Spec¢ duck down,

B. General Functionality and Manufacturing Feasibility

There are other considerations, in addition to laboratory performance
data, that reflect the current state-of-development and the potential utility
of each insulator prototype. Although manufacturing feasibility has been
clearly demonstrated for each type, and the samples produced are wholly func-
tional insulators, brief further discussion will help to more fully character-

ize each insulator.

The pilot line for production of bonded, staple~fiber batt that has been
assembled in our Albany, New York plant is a complete entity dedicated solely
to pilot production and development of Al PrimaloftR, Prima‘oft is, essen-
tially, the bonded staple prototype described herein and it. (arrent state-
of-development is such that samples are now being delivered, sewn into
garments and use-tested in sleeping bags and winter clothing. Initial, rela-
tively rugged, wear/wash testing of parkas (using cold water washing) by a
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large, independent merchandiser has ylelded excellent results and generated
considerable enthusiasm on their part., Improvements are continually being
made to the pilot equipment and developmental advances are being made with
the product as well. For example, a relatively minor product change that
significantly improves fiber-to-fiber bonding is now being incorporated and
it is expected to improve resistance to hot water washing. The advanced
state-of-development of the staple batt form and the existence of a dedi-
cated, operating pilot line make it attractive for near-term military use. A
reliable fiber source exists, Teijin Ltd. of Japan, and a U.S. fiber manufac-
turer plans to be producing the primary fiber component, 0.5 denier polyester
staple, by the end of 1989,

The bonded staple-fiber batt, as it is now being pilot-line produced and
as delivered to the Government, is very uniform in terms of fiber mixing,
fiver distribution and fiber separation (fiber opening). This uniformity is
readily apparent to the unaided eye and can be observed on a microscopic
level as well. The batt is currently being rolled and shipped with a light-
weight (0,3-0.5 0z/yd2) nonwoven scrim on one or both faces. This aids all
handling steps from roll-up through final fabrication and eliminates stretch-
ing. In most cases, these scrims, or cover fabrics that could be substituted
for them, will remain in place and become a quilted surface. As'is the case
with other high-loft staple insulators, quilting is necessary to minimize
fiber migration; a 6x6 inch square (or diamond) pattern works well and 6 inch
channel quilting, with stitch lines parallel to the machine direction, will
probably be almost as effective.,

At present, the bonded staple batt form (Primaloft) is a fully func-
tional, direct down substitute that is limited for military use only by its
cold water washing requirement. This issue is now receiving attention and
the prospects for lessening the importance of cold water washing and perhaps
eliminating the recommendation entirely are good.
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The tow spreading line used to produce the samples delivered to the Gov-
ernment is a PolarGuard production line that closely approximates thét which

would ultimately be required to produce the 1.2 dpf 5pread tow insulator de-
scribed herein,

However, detailed changes would be necessary to improve batt
uniformity.

A tendency for the fine-fiber web to fold erratically at the
cross~lapper and slip-stick drafting at several points on the line resulted

in systematic, readily observed nonuniformities in the final samples. 1In
spite of those obvious flaws, the overall appearance anc the apparent sturdi-
ness of the samples reinforces the general potential demonstrated by tﬁé iébo-
ratory performance data. A unique advantage of the spread tow form results
from its continuous-length, cross-machine fiber arrangement. When reinforced
by quilting in the machine direction or by any other machine-direction sewing
operation (as in shingle-construction sleeping bag fabrication), the final
textile assembly becomes unusually strong and durable. The most significant
performance drawback observed, the high water absorptive capacity, can almost
oertainly be improved through changes to the hydrophilic adhesive system.

The fiber supply required, 1.2 dpf, 250,000 total denier polyester tow, is
not now a commercially available product, but our fiber-sample supplier,

Hoechst Celanese, has demonstrated great interest in this insulator approach.

The lack of a dedicated pilot line, the need for further product and
process improvement, and the lack of a commercial fiber source combine to
make the spread tow insulator's present state-of-development less than that
of the blended, bonded staple batt. 1Its performance potential, although not
as great as that of the vonded staple form, is very good and, when it can be

sewn to take advantage of the spread continuous-filament configuration, it
offers excellent durability.
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VI. RECOMMENDATIONS FOR ADVANCEMENT OF BOTH INSULATOR FORMS

The preceding summary of laboratory performance, general functionality
and manufacturing feasibility leads conclusively to a recommendation that
both prototype insulator forms be fully developed to exploit their consider-
able potential., It is apparent that each can fulfill an important need and
the development efforts that remain are, in fact, minor. This i{s especially
true in the case of the bonded staple batt. Efforts to eliminate its cold
water washing requirement, which to our knowledge is the only technical im-
pediment to military adoption, are underway and Albany International intends

to submit improved samples (at its own expense, without cortractual obliga-
tion) within a month,

Additional work remains to develop the spread tow form to the commercial-
ization level of the bonded staple insulator. Attainment of this level will
require: (1) a commercial fiber source, (2) ready, regular access to a tow
spreading line, (3) improvements in uniformity through fine-tuning the me-

chanical elements of the line and (4) improvements in water repellency.

Albany International is committed to adapting its bonded staple insula-
tor (Primaloft) to make it wholly acceptable for military use. The potential
exhibited by the spread tow insulator form and its different balance of posi-
tive and negative attributes makes it, too, worthy of continued commitment.
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