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RESTORING MOISTURE TO COTTON
AT MIDSOUTH GINS

By Gino J. MANGIALARGL, JIi., agriculluret engineer, and ANSELM C. GRIFFIN, JR., research physicist, Agricuftural

Researelr Service, 7.5, Department of Agriculture, Stoneville, Miss. 38776

ABSTRACT

Two moisture-restoration proceduros were tested. In the first, a
vapor generator delivered humid air to a seed-colton eonditioning hopper
where the air mixed with cotton. The air averaged 75 to 85 percent rela-
tive humidity. In the second method, two atomizing nozzles emitted
water as an airblown mist into seed cotton falling from a separator into
the conveyor-distributor. In both experiments the moisture added to
seef cotton was statistieally significant. At the feeder apron, moisture
vontenf averaped 7.6 percent for the control (ne moistuve added), and
9.0, 8.6, and 9.5 percent for the nozzle, the vapor, and a combination of
the nozzle and the vapor treatments. Corresponding moisture content
of lint after ginning averaged 5.5, 7.1, 6.2, and 7.4 percent. Fiber length
and unifermity increased as the moisture content was raised. Span length
(2.5-percent) averaged 1.116 inches for the control, and 1.130, 1.126, and
1.136 inches for the nozzle, the vapor, and the combination treatments.
Both methods were also tesfed as part of an automatic moisture-control
svstem o the ginning of low-moisture cotton. All ginning equipment
functioned normally, and no electrical, mechanical, or cotion-flow prob-
lems were encountered. KEYWORDS: cotton, cottion ginning, cotton mois-

ture, cotton-moisiure restoration, textile equipment.

INTRODUCTION

Restoraction Needs

The rvestoration of moisture to low-moisture
seed cotton prior to the separation of fiber and
seeds in the gin stand can improve fiber qual-
ity and enhance production during spinning.
Fibers retain their inherent properties best
when the fiber and seeds are separaied at a
fiber-moisture content of 6 to 8 percent. Mois-
ture added to cotton at the lint slide eliminates
some of the problems associated with static
electricity and aids in the pressing of the bale,
but it does not restorve fiber length that might
have been damaged by ginning at low moisture
lovels.

The need to restore moisture Lo cotton fibers
at the gin is dependent to a large degree on
the atmospheric conditions normally expected

in that loecation, because cotton harvested on
dry days oftzn arrives at gins with a fiber
moisture bhelow the recommended 6- to 8-per-
cent range. Ambient temperatures and relative
humidities occurring in the Midsouth on a
typical day during the normal harvest period
are depicted in fipures 1 and 2. The tempera-
tures and relative humidities that might be
expected over a harvesting and ginning season
extending from mid-August through December
are shown for four different hours in table 1.

During a normal day, an increase in the
ambient temperature is accompanied by a cor-
responding decrease in the relative humidity,
creating curves that approach sine waves in
shape. The periods of lowest temperature and
highest humidity are usuvally shortly before
sunrige. The curves shown are considered the
norm, except when interrupted by precipitation.
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FicuRe 1.—Typical hourly temperatures and relative
humidities expected in the Midsouth in Septeniber
and Qcsober.

Moentgomery and Wooten have shown that
the moisture content of seed-cotton samples
selected from the stalk prior to picking cor-
relates fairly highly with the prevailing rela-
tive humidity (£8).* Approximately 64 percent
of the variation in stalk seed-cotton moisture
for early-season picking was related to pre-
vailing relative humidity (fig. 3).

When raw cotton fibers are subjected to an
ambient relative humidity of 55 percent at
70° F, they approach an equilibrium moisture
content of (1) 7.5 percent when precondi-
tioned wet and (2) 6.0 percent when precon-
ditioned dry (fig. 4). Moisture restoration at
the gin plant would be desired when the vela-
tive humidity of the air transporting cotton
through the various gin processes is below 55
percent.

The relative humidity on a typical Midsouth
fall day decreases sharply at approximately
8:00 a.m.. drops below 55 percent near 10:00
a.m., reaches a low point of 35 percent at 3:00
to 4:00 pom., and increases above the 55-per-
cent level at approximately 7:00 pm. If 55
percent relative humidity is used as a guide,
moeisture vestoration would be required on a
narmal day between 16:00 a.m. and 7:00 p.m.
Moisture restoration would be particularly
needed when ginning seetl cotton from storage

1 Ttalic numbers in paventheses refer to items in
“Literature Cited,” p. 19.
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TABLE L —Amblent temperature and relative homidity at four deily times
For 20 days during the ginning season, Stonevitle, Miss.

"J.‘mle of day

”"1-‘) p-r'nm (J a m 1% am, 6 6 pm.

Dates N " Relative Relative . Relative . Relative

Tenlp humidity “&MP humidity T(imp humidity Temp humidity
L) [pel) CF pct) CF) {pet) ¢ (pet)
Aug. 16.. ... ... T8 24 e 100 08 50 23 69
L S 74 100 78 100 93 B3 87 54
..., 72 78 GT 100 87 40 87 41
Sept. 6........ &7 100 G4 100 83 1] 86 53
3 ... - 5 92 71 100 80 56 21 4b
90 ... ..., kd 160 T2 100 89 "0 21 60
a7 e T4 o0 72 100 81 74 86 68
Chet. B 1 100 66 100 81 1) a3 42
m. .. 68 69 64 41 81 B3 83 44
i8.... . 75 L{d 70 100 g1 GG g4 47
25 . ... .. BD 81 40 30 62 G3 50 66
Moy, 1 e 10 100 60 100 81 43 Ky 100
3. N 1] 100 4D 100 ity 42 54 G3
19 - N G3 482 13 44 71 43 81
22 o 4l 100 40 92 42 68 40 68
20 36 94 34 09 46 56 43 60
Dee. G0 ... 34 a8 as 78 38 48 32 56
13 390 G4 38 86 41 71 39 78
o0 . . . .. 5D a8 50 100 Hd 49 57 98
T 34 78 30 g8 52 20 46 44
.L\vmage .o 61 a1 56 a5 69 58 67 G1

! Skavting in nnd .-\ugust (Iays were selm:ted at 1-week mtewals

during the Iate season when it is not unusual
for the vool ambient air to dip to 20 percent
relative homidity.

Background
Resvarch recorvd

Exceoss moisture in seed cotton has long heen
recognized as one of the most important prob-
lems invoelved in cotton ginning., An estimate
made during 1932 indicated that about one-
fifth to one-third of U.S. cotton was damaged
in the ginning process as a result of too much
moisture in the seed cotton. A vertical drier
was developed by TSDA engineers for drying
damp seed cotton to reduce the damage caused
by the ginning of wet cotton, Higher lint
grades, smoother prepavation, brighter color,
and reduced {eaf content resulted. Facilities
for ¢diving at the gin permitted cotton picking
to be continued during damp perieds and in
fields of heavy foliage sooner than would
otherwise be desivable (5).

Experiments in the 1930’s showed that the
percentape of bales called “press cut” varied
with the moisture content of the cotton. Press
cutting was more frequent with dry cotton
than with damp cotton. Bales having a low
moisture econtent were usually cut, beecause
greater pressure must be applied to obtain a
riven density if the cotton is dry. Increases
in hydraulic and press-platen pressures con-
gistently nceompanied decreases in the moisture
content of the bales, raising the horsepower
required for the bale-pressing system (24).

Drying tests at Stoneville in 1949 and 1950
showed that the preater the moisture removal
during drying, the higher the grade of the
ginned lint. Fiber length and strength and
varn appearance were usually lower with in-
creased drving. Cottons dried to 4 percent
fiber moisture for cleaning and ginning pro-
duced lint of somewhat inferior fiber and apin-
ning quality, compared to similar cottons dried
and ginned in the 6.5- to 8-percent range.
Fiber- and spinning-quality changes resulfing

3




from gin deying corvelated much better with
fiber-moisture content al the time of ginning
than with drying-air temperatures, The con-
clusion was that advice to ginners regarding
cotton-drying practices should be based on
achieving a particular fiber-moisture content
at the gin stand instead of recommending spe-
cific dryving-aiv temperatuves (7).

About 1950, other experiments showed that
some of the damage resulting from ovevdry
cotton in the gin plant could be prevented by
increasing the moisture content of the ¢otton
to near normal prior to separation of fiber
and seeds. The addition of meisture by spray
nozzles in the unloading suction telescope was
found to be parlially successful on low-mois-
ture cottons, even though only a relatively
small percentage of the moisture was retained.
The lower the moisture content of the cotton
Leing handled, the higher was the percentagm:
of moisture retained. The addition of moisture
to dry eotton at the wagon telescope preserved
an  additional one-sixteenth inch of staple
length, and the fiber-quality benefits were
substantiated by spinning tests (9).

After the 1950 tests correlating fiber-mois-
ture content to fiber-quality preservation, fur-
ther waorle explored vapor-phase moisture
vestoration. The work involved both steam
and regain From controlled and uncontrolled
atmospheres. Steam-pressure tests showed an
average moisture increase of two percentage
points after excess moisture evaporated. This
was  accomplished as a bateh process and
deemed unsuited to gin piant use. In some of
the continuous-flow tests, steam proved to be
a drying medium rather than a moistening
agent. The best restoration from controlled
atmospheres was from high-temperature and
high-humidity atmospheres. A pitot moisture-
restoration unit operating at 90° F and 94
percent relative humidity increased fiber-mois-
ture content from 3 to 7.2 percent in I minute.
This work was discontinued because delays in
ginning are undesirable, and controlled drying
to a predetermined fiber-moisture level seemed
to offer a better end product than one heavily
dried and veturned to a specified moisture
level (7).

Work with liquid-phase vegain showed that
merdried cottons could be returned to high
levels of fiber-property retention concurrently
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with ginning but that some delay and agifation
after spraying were required for adegunate
moisture distribution ahead of the gin stund.
These experiments were discontinued Dbecause
the efficiency of cleaning units following mois-
ture restoration was seriously impaired. This
worl was done on ging with single lint cleaners
7).

From 1853 to 1955, misting nozzles were
used to control moisture added to lint on the
lint slide after ginning, This treatment pro-
vided no quality improvement in cotton, com-
pared lto cotton similarly dried and ginned
with no moisture added at the lint slide. The
reasons for rveplacing some of the moisture
removed during ginning included improvement
of the feel of the sample, easier and safer bale
pressing, and minimization of postginning
bale-weight changes resuiting from atmos-
pherie mwoisture absorption. Bales of the cot-
ton lint packaged in humid cotton-growing
areas ab less than 7 percent meisture would
Le expected to gain weight, and those pack-
aged at move than 7 percent moisture woukl
be expected to lose weight (§).

After extensive testing, Speakes and Griffin
obtained in 1956 a patent covering a method
of moisture restoration or dryving for ginning
systems. The concept involved adjusting the
moisture content of seed cotfon or lint between
gin processing stages {(21).

Also in 1958, Harrell received a patent for
the invention of an apparatus for the restora-
tion of moisture to the fibers of seed cotton.
The apparatus used nozzle sprays to deposit
chemical wetting-agent solutions or fog mists
of water on loose seed cotion dropping through
a vertieal ehute (10).

Tests made in New Mexico in 1957 showed
that static electricity could be controlied dur-
ing saw ginning by treating the cotton with
a 25-percent concentration of the antistatic
agent Avcosol-20 in tapwater. The agent was
sprayved in a seed-cotton-handling pipe before
cleaning and extracting. No il effects ap-
peared in ginning. Fiber and spinning quality
and chemical finishing were not affected (12).

Many researchers have studied the peneral
velationship of tensile strength to fiber-mois-
ture content. In 1961, work at Stoneville on
the preservation of the inhevent length distri-
bution of cotton dnring ginning showed that



http:sprayi.ng

the tensile stvength of raw cotton fibers in-
creases a3 moisture content increases and that
the force required to separate fibers tfrom
their seed does not increase but may even de-
crease under certaln conditions. Some experi-
ments indicated that cotion could be overdried
for cleaning and some moisture then restored
before ginning to preserve fiber quality and
spinnirg pecformance. Yet, later expeviments
showed that grade, the tarmer’s norm of qual-
ity, had wnot been improved. [t was concluded
that the intentionul overdrying of cotton and
the restoration of moisture to it befove ginning
was not benelicial to the produecer, and that
cotton hatving a fiber-moislure content of less
than 6 te 7 peveent should not be gin-dried.
Instead, motsture should be added before fiber
and seed sepavation in order to improve the
ginning quality of the cotton., Difficullies in
operation and rough preparation often resulted
when cotton was ginned with a fiber-moisture
confent above 8 pereent (19).

In 1861 and 1962, Mangialardi, Griffin, and
Shanklin demonstrated that fibers in bulk do
nef readily absorb moisture and that a long
expostite to a moisture-restoring medium is
required, if a substantial quantity of moisture
ts to be restored to dry cotton, Tests using
two commercially available methods showed
that the moisture restored to cotton falling
through a mist of water, then held in bale-size
lots for about 20 minutes before the cotton
was further processed and ginned, was greater
than the amount restored by the delivery of
humid air to the extractor-feeders where the
air mixed with cotton. As a rule, the restora-
tion of moisture to cotion after drving and
cleaning but before fiber and seed separation
slightly decreased grade index and yarn ap-
pearance. but it improved fiber and spinning
properties. The restoration of moisture in-
creased fiber length and lowered the coeffi-
cient of length variation, increased the fiber
strength and the yarn break factor, reduced
the number of ends down, and decreased yarn
imperfections (16},

In 1964, a “monoflow” cotton-ginning sys-
tem was tested al the Southwestern Cotton
Ginning Researeh Laboratory, Mesilla Park,
N. Mex, The system depended on water vapor
atded to {he airstream that convevs the cotton
to bring the cotton into moisture eguilibrium.

Two independent airflows were tried. Seed-
cotton-handling airflows weve pul in series to
form the first stream, and the second stream
wis used to convey lint from the gin stands
to the lint cleaner, then to the press condenser.
The objective of the development was twofold:
to find a means of controlling the moisture
contenl of cotton during ginning in an arid
region and to alleviate the dust nuisance both
inside and cutside the ginnery (£3).

A study during the 1964 harvest season
evaluated the interaction of fiber moisture and
lint cleanings. An increase in the fiber-mois-
fure content at lint cleaners decreased the
cleaning efficiency of the machines, but it in-
creased the classer’s staple length and 2.5-per-
cent span length. Changes in fiber-moisture
content showed essentially no differences in
the number of neps per 100 square inches of
web (74).

In 1966, the authors experimented with
doffing lint from the gin saws with humid
air. The procedure proved to be operationally
sound when the relative humidity of the
doffing air did not exceed about 85 percent.
Cotton ginned at a 4.5-percent lint-moisture
content was increased to 6.3 percent, and that
at 6.0 percent was raised to 7.6 percent during
the 3.6-second exposure {15).

In 1967, a completely integrated moisture-
control systems for gins was demonstrated at
the U.8. Cofton Ginning Research Laboratory,
Stoneville, Miss. Depending on the measured
moisture content of incoming cotton, the sys-
temn routed damp cotton to a variable-exposure
drving svstem: cotton of desired moisture con-
tent bypassed the driers, except for a minimum
exposure, and dry cotton was exposed to a
moisture-restoration unit lccated between the
convevor-distributor and the extractor-feeder
(8). This system has been installed in the
laboratory’s commercial-size ginning plant and
used several years in moisture-control research.

In South Carclina in 1968, Cocke and Garner
showed that a fiber-moisture level of 8 to 4
percent during processing resulted in highly
efficient foreign-matter removal in the seed-
cotton and lint-cleaning system, improved color
of the lint, increased prades, raised unit lint
price, and reduced picker and card waste in
spinning lots, compared to cotton processed at




a fiber-moisture level of 6 to & percent. The
G- to 8-percent level resulted in higher 2.5-
percent span length, uniformity ratio, fiber
strength, staple length, lint turnout, 5¢s and
22s yarn strength, break factor, and appear-
ance index. Bale value did not differ by fiber-
meisture level during processing (¥). These
experiments contirmed Lhe earlier tests af
Stoneville on the importance of fiber moisture
during pin processing.

In 1071 and 1972, a pilol model of a closed-
loop cotton-moisturization system for cotton
ginning wus developed and tested at the South
Phiins Ginging Research Laboratory, Lubbock,
Tex. The system ineluded @ plenum chamber
and used humid air to convey lint between the
vin stand and lint-cleaning operations. The
closetd-toop coneept proved feasible for increas-
ing lint-maoisture vontent during lint cleaning,
and 1t also reduced the dust and short fibers
exhavsted to the almosphere (4).

Commevcial equipment

Steam or mist had been customarily intro-
duced into the cleaning feeders and air-blast
gins when static electricity interefered with
cotton ginning. Earl Al Heard devised a gin-
building  humidificalion system in the late
1330's in cooperation with ginners of the Lub-
Loek, Tex., area and U'SDA ginning engineers,
Wetting-agent solutions and other methods for
the introduction of moisture into the cotton
and inte the air used {or conveying the cotton
were {ried (2).

In 1959 R. L. Brvant of Leachville, Avk.,
a farmer and ginner, incorporated a liguid-
phage moisture-restoration system in his gin
plant. Bryant redeposited moisture-spraved
cotton on a trailer for a 20-minute delay be-
forve final processing, This system was later
manufactured by the John E. Mitchell Co.,
Dallas, Tex., and installed in 1962 in gins at
Paragould and Victoria, Ark., The manufac-
tured system stored the dampened cotton in
bins within the gin plant (7).

About 1960, the Samue! Jackson Manufac-
turing Co. of Lubbock, Tex., began marketing
o vapor moisture-restoration device. The Jack-
son humidifier consiated of a fan svstem, a
gas healer, and a water-spray and wringer
chamboer. Heated air was pulled through the
spray chamber, where it absovbed moisture
thal was then delivered inte the extractor-

G

feeder over each gin stand, where some of the
moisture was absorbed by the cotton as it
passed through the feeder. Later the system
included conditioning hoppers located between
the conveyor-distributor and each feeder, and
a special hopper where a slowly moving bed
of seed cotton was retained for about 15 to 20
seconds while humid air was blown upward
through it {(11).

During this peried, L. D. France & Co., Lub-
bock, Tex., introduced the “HUMI-DRIER.” In
addition to providing humid air for moisture
restoration, this unit, by means of a damper
above the burner, could bypass the moisturiz-
ing chamber, allowing the device to serve as
i source of heated air for drying cotton,

The Continental Gin Co. introduced its two-
or four-trough conveyor-distributor cotton
drier. Although designed to be used primarily
as a drier, it was later deseribed as suitable
also for humidilying seed cotton (20).

Tabulation of gin equipment in 1972 indi-
cated that 592 cotton gin batteries, or 16 per-
cent of the total number of batteries in the
United States, included a moisture-vestoration
system. The percenfages were 20 for the States
of Texas, New Mexice, Arizona, and Califor-
nin, eompated to only 9 for the more humid
States of Mississippi. Tennessee, Missouri, Ar-
kansas, and Louisiana. Although there was a
sharp decrease in the total number of batteries
during the previous B-year petiod, the num-
ber of cotfon gin batteries with moisture-res-
toration svstems had increased (28).

Experimental Methods

This bulletin presents the results of mois-
ture-restoration experiments conducted from
1967 to 1973 at the U.8. Cotton Ginning Re-
search Laboratory, Stoneville, Miss. The ob-
jectives of the investigations were (1) to
investigate the conditions under which mois-
ture restoration should be used in humid cot-
ton-growing areas such as the Midsouth, (2)
to establish the merits of two methods for
restoring moisture te seed cotton at the gin
after it has passed through the overhead
cleaning equipment but before it is ginned,
and (3) to incorpovate these methods into an
automatic moisture-control system that in-
cludes drying and moisture addition. The two
restoration procedures tested were (1} a vapor-




generator method and (2) an atomizing-nozzle
maethod.

The cottons used in the experiments were
‘Stongville 7A° and ‘Stoneville 213, grown
and harvested by spindle pickers in Washing-
ton County, BMiss. Data used to develop the
weather charts and table were recorded at
Stoneville in 1972 by the National Weather
Service. The ULS. Department of Agriculture
Consumer and Markeling Service {(now Agri-
culiural Marketing Service) classed the cotton
samples at Greenwood, Miss., and made fiber
tests at Clemson, 8.C,

VAPOR-GENERATOR
RESTORATION

Methoedology

During the summer of 1967, a heated-air
moisture-restoration system was assembled
and installed in {he laboratory's commercial-
size ginning plant. The system consisted of
a vapor generator delivering humid air to a
seed-cotton conditioning hopper (feeder chute)
where the alr mixed with cotton (fig. 5). The
conditioning hopper was located befween the
conveyor distributor und the extractor-feeder,
The length of the moisture-exposure period
was a function of the ginning rate, which reg-
nlated cotten flow through the hopper. This
unit eperated concurrvently with ginning and
reyuired no speeial routing of cotton.

The vapor was passed through the condi-
tioning hopper by two centrifugal fans in a
push-pull arrangement. Humid air was piped
through a 12-inch-diameter pipe into the front
of the hopper, where il was blown through the
cotton, and it was exhausted from the back-
side through a 9-inch pipe. The hopper was 63
inches long and conditioned the 12-inch-thick
seed-cotton batt over a 24-inch vertical move-
ment. Adjustable openings in the back of the
hopper introduced ambient air, aiding in the
contral of the airflow and pressure.

The moisture in the humid airstream was
conlrolled by acdjusting the temperature of the
air pussing through four sets of misting noz-
zies located within the vapor generator (fig.
6}. An increase in the air temperature in-
creased the vaporization.

The sequence of the ginning machinery
was foetl contreller, tower drier, six-eylinder

PN-5162

Ficues 5.—Seed-cotton conditioning hopper located
between the conveyor-distributor and the exirac-
tor-feeder,

PN-5163
FIGURE G.—Vapor generator used to produce warm air
containing a large amount of water wvapor.

cleaner, stick machine, tower drier, six-cylinder
¢leaner, conveyor-distriputer, conditioning hop-
pear, extractor-feeder, gin stand, and two stages
of saw-cylinder lint cleaning (fig. 7).

Results

The quantity of air flowing through the
seed-cotton conditioning hopper was found to
be critical. Too great an airflow into the inlet
section suspended cotton in the distributor
above the hopper, and ftoo great a suction in
the exhaust section held cotton to the hopper
walls, Proper airflow could be obtained through

7
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Figurg 7.---Ginning sequence depicting vapor-generator

system used in experimants,

the hopper at rates of 800 to 1,220 cubic feet
per mintte, while maintaining a static pressure
of +0.3 to +0.5 inch and —0.2 to —0.8 inch
of water in the hopper intake and exhaust
manifolds, respectively,

Two vapor-restoration treatments were test-
ed in four replications from the 1968 crop
eotton (fig. 8). The freatments were (1) no
humid air passing through the conditioning
hopper {control) and (2) vapor restoration in
the hopper.

A temperature of 200° F was maintained
in both tower drievs: the ginning rate was
2.8 bales per hour, providing a 15-second ex-
posure; and humid air available for the res-
toration treatment was 62 cubic feet per pound
of lint.

The ambient temperature and relative hu-
midity during the study averaged 67° I and
45 percent. The vapor generator provided
humid air at 90° I and 72 percent relative
humidity at the conditioning hopper. Higher
humidities were not attempted because of like-
Iy moisture condensation on the gin machinery,
causing chokeups.

Cottor-moisture content.—Moisture content
of seed cotfon at the wagon averaged 9.1
pereent for the experiments, and this level
dropped to 7.0 percent during seed-cotton dry-
ing and cleaning (table 2). The moisture-res-
toration {rea'ments increased the moisture
content of the cotton passing through the con-
ditioning hopper. Seed-cotton moistures at the
teeder apron for the control and moisture-
restoration treatments were 7.0 percent and
7.7 percent, respectively (7).

Corresponding Hul-moisture contents for the
eontrol and restoration-treatment samples taken

]

Replications 2 3 4
. Heat-
Moisture treatments Cantrol induced
vapor

Freure §.—Lxperimental test layout for vapor-gener-
ator treatments.

hetween the gin stand and the first lint cleaner
avaraged 4.7 and 5.6 percent, and samples taken
af the press averaged 5.1 and 6.0 percent. Dif-
ferences in the moisture contents at the press,
resulting from the moisture trentments, were
found to be statistically significant (22). Cot-
tonseed-moisture content at ginning averaged
8.9 percent for the study.

Proper intermingling of air and cotfon
within the conditioning hopper should have
been accompanied by greater moisture-content
changes than were observed. Static air-pres-
sure measurements indicated that the seed-
cotton mass within the hopper served as a
harrier to airflow, causing some of the moist
air to short cirvenit around it.

Foreign-matéer content.—Fractionation tests
of the initial foreign-matter content of seed
cotton averaged 3.7 percent, which was re-~

TABLE 2.—Moisture content obtained n vapor-
generator experimentst

[ Percent]
Treatment
Item Moisture
Control restoration
Seed cotton:
Ab wagon ..o 8.9 8.3
After drying and cleaning .. 4.9 7.0
At feeder apron ... ... 7.0 T
Saed ..o e 8.8 8.9
Lint:
Before lint cleaning ........ 4.7 5.6
Ab Press .ooooviiiriiiiiiies 5.1 6.0

1 Moisture freatments were replicated 4 times. Data
represent average findings for sampling subjected to
oven moeisture-determination tests, ASTM Designation:
D 2495 (1),




TABLE 3.—Foreign-matier content for vapor-
generator experiments'

[Percent]
TPreatment
Item —6— trol Moisture
oniro restoration
Seed cotton:®

AL WAEDI - vrvirniaaieay 3.7 .7

After cleaning ... 1.2 1.2

At feeder apron ...........- 1.0 .9

ANt e e 1.69 i.71

! doistuve Lrentments were replicated 4 times.

< Data vepresent average findings for samples sub-
jected fo Practionation tesis.

+Data vepresent average findings [or samples ob-
tained after 2 lint cleaners and subjected to analyses
with a Shirley analyzer.

duced to 1.2 percent during passage through
the drying and cleaning machinery and to 1.0
percent at Lhe feeder apron {table 3). The lint
[oreign-matter content was analyvzed for twoe
lint-cleaning stages. Total foreign matter, as
determined by a Shirley analyzer, averaged
1.69 percent for the contro! lots and 1.71 per-
cent for the treated lots. Foreign-matter dif-
ferences attributed to moisture treatment were
not statistically significant.

Classer's grade—Lint grades assigned by
the classer f{or cotion after fwo stages of lint
cleaning averaged Strict Low Middling plus
for the control treatment, and Strict Low
Middling for the treated lots (table 4)}. Grade-
index differences attributed to meisture treat-
ment were significant at the 10-percent level.
Staple-length differences hetween moisture
treatments after two lint cleaners were small
and not significant,

Fiber tests—Samples for fibrograph length
analyses were obtained between the gin stand
and the first lint cleaner. These data showed
that the moisture treatfment gave a slight but
statistically significant increase in the uni-
formity ratio (table 4). Uniformity ratios for
the control and moisture-treated lots averaged
45.0 and 45.8 percent, and corresponding 2.5-
percent span lengths averaged 1.113 and 1.118
inches.

Automated System

In 1970, the vapor generator was merged
with driers into an automatic moisture-control

TABLE 4.—Classer’s graude and staple length,
and digital fibrograph dute for vapor-gen-
erator experimentst

[Pereent]
Treatment
Item Moisture
Control restoration
Grade:?
Index . ..oriiiiiiiinn 97.7 04,9
Designation .............. SLM -+ SLM
Staple length {1/32 in) ...... 34.8 34.9
Fibrograph:?
2.5-percent span
length (in) ............ 1.113 1.118
Uniformity vatio {pect) -. 46,0 45.8

! Moisture treatments were replicated 4 times,

2 Samples were obtained after 2 stages of lint clean-
ing. Grade designation and corrvesponding grade index:
M=100; SLM-+=97; SLM=94; LM+ =00; LM=85.

? Sampling was performed before lint cleaning.

system and installed in the laboratory’s gin-
ning plant (fig. 9). Cotton-moisture content
was sensed by a commercial moisture detector
that transformed the moisture reading to a
0-10 millivolt output, which was transmitted
to a chart recorder. Based on previously con-
ducted experiments, the detector was cali-
brated to condition automaticaily seed cotton
arriving at the gin plant at moisture levels
ranging from less than 7.5 percent to greater
than 14.0 percent (fig. 10).

Cam-operated electric switches, installed on
the pen motor hub of the recorder of the mois-
ture-measuring instruments, were used to se-
leet alternate drying routes through the driers,
based on the need of the cotton for drying, and
to activate the moisture-restoration apparatus
when the detector showed a cotton-moisture
content too low for proper ginning.

The drying system was fwo 24-shelf tower
driers, where the drying period could be varied
by selecting any of four drying-path combina-
tions. Damp cotton at the input feed controller
requiring more than one stage of drying was
automatically routed to the first drier and then
passed to the finishing drier. Cotton requiring
only one stage of drying, or less than a full
drier, automatically bypassed the first drier
and was routed through all, or part, of the
second drier.

When the detector measured seed-cotton

9
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Froure 9.—Block diagram of the automatic moisture-
canfrol system used with the vapor generator,

moisture less than 7.5 percent, humid air
was directed through the conditioning hopper
where it mixed with seed cotton. For cottons
containing 7.5 percent or greater seed-cotton
moisture, the humid air bypassed the hopper
and was exhausted outside the gin plant. When
the gin stand was not in operation, the humid
air was also bypassed to the outside to prevent
an overwetting of the seed cotton standing in
the hopper.

The performance of this equipment with the
selected-control setiings was tested on 14 ex-
perimental bales designed to cover the range
of moisture contents normally expected at the
gin. Desired initial moisture levels were ob-
tained by monitoring the ambient relative hu-
midity. selecting the time of day to harvest,
and coutrolling the amount of water applied
te the picker spindles. During the tests all sub-
systems of the installation were monitored,
and the cotton sampled for moisture deter-
wmination before and after conditioning. Mois-
ture contents were determined by the ASTM
ovendrying method for cotton (7).

i0

Seed-cotton
moisture

| <75]75-94]05-114 Jus-1a0] > 149
percenioge

Moisture
restoration
or shelves
of drying

| w | 2 ] 1w ] 25 ] 48 |

Fieure 10.—Moisture restoration and drying shelves
selected by the moisture detector to condition aute-
matically seed cotton of various moisture levels.

Drying temperatures in the top sheif (cot-
ton-air mix point} of driers No. 1 and No. 2
averaged 195° and 180° F, respectively. For
the ginning rate used, the exposure period for
seed cotton was 24 seconds. Humid air avail-
able at the conditioning hopper was 33.1 cubic
feet (0.052 pound) of water vapor per pound
of lint. The healed water vapor averaged 87° F
and 77 percent relative humidity.

Each component of the installed automatic
conditioning system performed iis intended
function, and no electrical or mechanical prob-
lems were encountered,

Moisture content of seed cotton at the feed
controller during the 14-bale test varied from
6.7 to 16.53 percent, and ambient relative hu-
midity ranged from 32 to¢ 70 percent (table 5).
For these cottons, the moisture detector auto-
matically selected conditioning paths of 48
shelves, 25 shelves, 14 shelves, the 2-shelf by-
pass, and moisture addition, The system pro-
duced seed-cotton-moisture contents of 8.5 fo
13.1 percent at the feeder apron and lint-mois-
ture contents of 4.3 fo 7.5 percent at fiber and
seed separation.

Three bales with seed-cotfon-moisture con-
tents of 6.7 {0 7.6 percent at the fead controller
gave seed-cotton-moisture contents of 6.2 to
6.5 percent at the feeder apron and lint-mois-
ture contents of 4.1 to 4.3 percent at ginning,
affer being subjected to humid air in the con-
ditioning hopper. This indicates that a greater
amount of moisture was evaporated while
passing through the drier system bypass and
to the ambient air than that absorbed at the
conditioning hopper. It is probable that a some-
what higher amount of moisture than the
quantity measured was added to cotton in the
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TABLE 5.—Performance of automatic moisture-conditioning system on 14
expertmental bules

AMoisture content

Initial . e \
seed-cotton- 1\;1;);:‘1;1; Conditioning path® after conditioning
meisture humidity Drier Drier Moisture- Seed Lints
content* (pet) No. 1 No. 2 vapor cotton! mt‘
(pet) {shelves) {shelves) delivery (pet) (pet)
16.3 B2 2.4 24 Bypuss 13.1 7.5
15.8 70 24 24 Bypass 11.3 8.0
14.3 53 24 24 Bypass 11.9 6.3
14.0 57 24 24 Bypass 12.3 8.1
11.2 55 1 13 Bypass 114 6.8
1 1 Bypass
107 57 - .3 Bypass | B0 5.6
1 1 Bypass
10.2 52 % 1 1 Chute § 74 44
1 13 Bypass
9.6 36 {1 o Bypass | 78 6.6
1 1 Bypass
v.4 36 { 1 13 Bypass } 7.0 4.8
B.d 36 1 1 Bypass 6.9 5.6
\ . 1 1 Bypass
8.3 G0 { 1 1 Chute ;l 7.8 5.1
7.6 62 1 1 Chute 6.2 4.1
6.7 G4 1 1 Chute 8.2 4.2
G.7 60 1 1 Chute 6.5 4.3

t Date for each experimental bale represent an average from 5 samplings.

: 8ampled from the feed-controller hopper.

* Where 2 paths are shown, the controller changed the path during the bale.

' Sampled at the feeder apron.

* Bampled after ginning but before lint cleaning.

hopper. but il was given up to ambient air
while being processed through the extractor-
feeder and duving fiber and seed separation.

Some cotton-flow difficulty was attributed
to static electricity when procesging the low-
moisture cottons. When moisture was applied
to cotton at the hopper, the flow was normal.

The vaper-generator subsystem may be util-
ized in an automatic moisture-conditioning
system. But, if greater amounts of moisture
are to be added, means should be provided to
give {1) longer exposure periods, (2} better
intermingling of seed cotton and humid air,
and (3) humidity control of the air conveying
cotton lhetween gin machinery.

ATOMIZING-NOZZLE
RESTORATION

Methodology

Because of the need for adding moisture to
cotton at high ginning rvates, technology for

adding moisture in the liquid phase was con-
sidered. The work was initiated to determine
the feasibility of calibrating moisture-addition
equipment in terms of the ginning rate and
to evaluate the operating characteristics of an
airblown-mist applicator mounted in the con-
veyor-distributor endplate, where the mist
could be blown into cotton falling from a sepa-
rator into the distributor (fig. 11).

A special type of moisture-restoration nozzle
and orifice setup was tested. Two nozzles were
used. Air and water were supplied to these
nozzles, which in turn emitted water as an
airblown mist. Water was supplied to both
nozzles by means of a common pressure regu-
lator, and the air for each nozzle was con-
trolled by separate .pressure regulators (fig.
12)}. Each nozzle was operated by the electrical
solenoid located in its air-supply line, allowing
for the operation of the nozzles singly or in
combination.

The water was obtained directly from the

11




PN-5104

FiGraE Ll—Atomizing nozzles mounted in the con-

veyor-distributor end plate undevneath the separa-
tor.

water supply of the gin plant at a line pressure
ot -8 pounds per square inch sage. Air for
the nozzles was furnished by a compressor
raled at an operating pressurve of 150 ib in*g.
The amount of water emitted tor various
water-pressure and air-pressuve combinations
wax determined by Iaboratovy trials (fig. 13).

The amount of moisture vestoration required
to increase the lint-moisture content by 1, 2,
and 3 percent was determined for processing
rates of {0 30 bales per hour based on a Jint
weight of 179 pounds per bale (table 6). A
plant operating at a ginning vate of 30 bhales
per hour requires water at a rate of approxi-
mately 52 galions per hour, if the moisture
content of the lint is to be increased by 3 per-
centage points. assuming that all of the water
emitied is absorbed by the cotton fibers.

In 1973, the atomizing nozzles were incor-
porated into the laboratory’s automatic mois-
ture-conditioning system. The nozzles could be
used alone or in combination with a wvapor
generator. A photoelectric relay was instalied
near the atomizing nozzles so that water was
emitted only when seed cotton was falling from
the separafor into the convevor-distributor
{fig. L), preventing the wetting of the dis-
tributor when no eotton was flowing.

Results

The tirst cotton experiment was run with
the nozzles operating at water pressures of 29,
30, and {40 Ih'in®. Alr pressures were selected

12

PN-5185
Ficure 12.—Control switches and nir- and water-pres-
sure regulators used with two atomizing nozzies

in vestoration experiments.

to give a water-emission rate of 39 lb/h per
nozzle, the equivalent of adding 2 percent
moisture to lint when seed cotton was flowing
at four bales per hour. The operation was also
tested using two gin stands with two nozzles
working simultaneously. The moisture-restora-
tion rate for each nozzie and for both nozzles
was reasonably constant and indieated that the
svatem calibration was reliable (table 7).
The ability of the ginning equipment to

TABLE 6.-—2Moisture absorption rate required to
mereqse fiber-moisture content by 1, 2, and
« percent

Water emitted {gal/h) io raise
lint-moisture content by*—
2 pet 3 pet

Processing rate?
{bales/h)

1 pct

2.3 4.6 6.9

2.9 5.8 8.9

3.4 5.8 i0.2

4.0 8.0 12.0

4.6 9.2 13.8

8.9 10.4 15.6
il4 171
13.8 20.7
15.0 24.0
18.4 27.6
20.6 30.9
23.0 34.5
28.8 43.2
34.4

11 bale is equal to 479 pounds of fiber.
1 gal/h=2.139 Ib/min.
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FIGURE 13.—Water cemitted by one atomizing nozzle
for various water and air pressures.

funetion al a double moisture-restoration rate
was also tested. Water equal to 4 percent of
the weighl of the Flowing lint was emitted with
two nozzles at a ginning vate of four bales per
hour, The convevor-distributor, the extractor-
feacdler, the gin stand, and the lint cleaners
functioned normally. A hand feeling of the
cotton at the feeder apron did not reveal “wet
spot” cotton.

A second experiment was designed to de-
termine the moisture retained for different
amounis added. Comparisons were made on
“befare spray™ and “after spray” samples of
seetd cotten and lint (table 8). Atmospheric

PN-5165
FIGURE J4.—Photoelectric relay installed at the con-

veyor-distributor near the atomizing nozzles.

relative humidity during the experiment was
low, from 36 to 64 percent. Moisture-emission
rates weve 40, 72, 30, 105, and 120 pounds of
water per hour on cotton ginned at four bales
per hour. Beoth seed cotfon and lint gave up
some of their moisture to the atmosphere on
the no-emission treatments (contrgl}. Lint
sampled after ginning but before the fivst Hint
cleaner generally showed a progressive In-

TABLE T.—doaisbire content of cotton before and after moisture restora-
tion, atomizing-nozzle experiment 11

[Percent]
Water pressure
20 1b/in® 20 1b/in® 40 ib/in-
[tem
1 2 1 2 1 2
nozzle nozzles nozzle nozzles nozzle nozzles
Seed cotton:®
Before spray . ... ... . 8.9 8.5 8.9 2.7 8.8 9.2
After spray ... ...l 8.2 9.7 3.0 101 9.4 9.1
Lint? Ceree e . 8.0 7.0 G.1 7.0 6.2 6.6

! Moisture treatments were veplicate.. 3 times, and data represent the average find-
ings for the samples subjected to oven moisture-determination tests. The atomizing
nozzles were loated in the conveyor-distributor: a processing rate of 4 bales/h was

uset] for single nozzles and 8 balesfh for

nozzles. The air pressure was determined

hy laboratory calibration to give a water-emission rate of 3% Ib/h per nozzie.
“"“Before spray” samples were obtained after seed-cotton cleaning but before de-

livery to the distributor, and “after spray” samples were taken at the feeder apron.
‘Sampling was performed afier ginning but before lint cleaning.
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crease in the quantity of retained moistuve as
the emission rate increased, but the amount re-
tained was considered small in comparison to
the quantity emitted by the nozzles. At higher
ambient velative humidities the amount re-
tained would have been greater.

COMBINATION RESTORATION

Previous moisture-vestoration experiments
had been conducted with the atomizing noz-
zles and the vapor generator as separate tests,
Further experiments were performed to deter-
mine the moisture that could be added to seed
cotfon with the afomizing nozzles, compared to
the amount that might be added by the vapor
generator.

TABLE 8.—Effect of an airblown mist on the
matsture content of sced ecotton and linf,
wbomizing-nozzle experiment &1

Moisture content—.

Muoisture o L
cruission Before After
rate” spray? spray?
L1h*h} {pet) (pet}
Seed cotton®

] 2.7 2.3

40 3.6 4.7

72 3.8 9%

20 0.0 10.2
106 9.5 5.8
120 10.3 10.7

Lint5

0 5.5 8.1

A0 5.3 5.3

72 5.6 5.9

] 5.5 6.0
106 5.5 G.0
120 3.3 G.3

‘Each datum represents the average finding for §
samples subjected to oven moisture-determination tests,

=1 gal k=83 lbh'h. An emission rate of 190.2 Ib/h
is equal to I percent of the weight of the lint processed.

‘Samples weve obtained as seed cotton after seed-
cotton cleaning but before delivery te the distributor.
Part of the sampled seed cotton was ginned on & 6-
iuch-diameter saw-gin stand to obtain lint for moisture
anaiyses,

! Beed cotion was sampled at the feeder apron, and
lint was sampled after ginning hut before lint clean-
ingr,

sAmhient velative humidity durving this test =eries
ranged (rom =19 te G4 percent.

©Ambient relative humidity averaged 36 percent.
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Methodology

The combination tests were conducted in
eight replications. Bach replication consisted
of tour half-bale test lots comprised of a con-
tro} treatment plus three moisture-restoration
treatments: (1} atomizing nozzles, (2) vapor
generator, and (3) a combination of the two
(fig. 15).

The experiment was conducted in the labora-
tory’s commercial-size ginning plant with a
ginning sequence consisting of feed controller,
Zd-shelf tower drier, 6-cylinder cleaner, stick
machine, 24-shelf tower drier, 6-e¢vlinder clean-
er, conveyor-distributor, extractor-feeder, gin
stand, and two stages of lint cleaning.

The two atomizing nozzles operated at an air
pressure of 60 1b’in® and a water pressure of
40 1 "in®, providing a total emission rate of
96 1b “h. The vapor was passed through the con-
ditioning hopper located between the conveyor-
distributor and the extractor-feeder, where
there was an intermingling of seed cotton
and vapor. Pitot-tube measurements with cotton
in the conditioning hopper showed that air
flowed through the hopper at a rate of approxi-
mately 800 ft*/min.

Both moisture-restoration procedures aper-
ated concurrently with ginning and required
no special routing of cotton. During the proc-
essing of test lots, all camponents of the in-
stallation were monitored, and the cotton was
sampled for moisture content and fiber testing
before and after conditioning.

Results

Restoration-test conditions.—The ambient air
temperature during the experiments ranged
{rom B53° to 86° ¥, and the relative humidity

Rephcations LI 2|13 |4 |5 |6 |7 |8

Atornizing | Vapor Nozzies
nozzles |generotor jond vopor

Moisture trearments| Control

Freure 15.—Experimental test layout used in compar-
ing the atomizing-nozzle and vapor-generator
treatments, combination tests.



TABLE 9,

Test conditions for the eight replications of the combination
experiments

Ambient air

Drier Humid air at hopper®
I " Relative No. 1 Relative  Moisture
Replicatio >

! " T(‘E_I;p' humidity temp.! T';’;p' humidity available
) {pet) °F CF) {pet) (Ib/1b) 8

1 85 53 180 104 32 0.078

2 84 L 180 94 16 054

3 T 78 180 94 79 .066

4 75 655 70 100 81 069

) 35 52 86 104 82 078

15 53 4] 180 93 26 060

ki 86 556 86 04 ki 052

8 53 65 180 78 76 031

Average (i3] 62 a5 ao 0.060

*vier No. 2 operaled at the ambient temperature for all replications.
“Far the vapor-generator treatment, humid air was supplied to the conditioning
hepper Jocated bebween the conveyor-distributor and the extractor-feeder,
Pound of water in the airstream per pound of lint.

varied [rom 52 to T8 percent (table 9}. Drier
No. | operated with a heated-air and seed-cot-
ton mix-point temperature of 180° [ on the
damper cottons to insuve that all replications
were at a fow moisture level prior to the res-

TABLE 10.—Moisture content of wagon samples
of seed cotton processed before moisture-
restoration treatments, combination tests'

Moisture percentage for—

sati rent %, The ¢ ient -atur Replicati ) 1 d
toration tre 1tme‘nt»., ,l he u}‘iblent tempm Etme eplication . Nozzles Vapor Nozz e an
was used on drier No. 2 for all replications. o vapor
The gil?ninp: rate was controlled on all tests at 1 10.4 12.0 11.5 10.5
approximately 3.9 bales per hour. 2 8.5 8.7 12.3 13.1
The atomizing nozzles provided enough water 3 8.4 9.1 10.4 8.3
to raise the moisture content of the fibers by 1 8.7 9.7 9.4 8.3
o . ) 5 8.4 8.4 8.7 8.9
about 3.1 percent. Elapsed time between mois- 5 78 8.9 3.0 8.6
ture applicalion and seed-cotton passage to the 7 8.8 87 7.0 8.0
extractor-feeder was J4 seconds. 8 7.6 8.0 8.5 8.7
The vapor generator provided humid ai
€ vapor gene L & doalr e 8.6 9.2 9.5 9.4

ranging from 78° to 104° F and from 75 {o
86 percent velative humidity at the condition-
ing hopper. Higher humidities were attempted,
but they vesulted in condensation on the gin
machinery and an interruption of cotton flow.
The seed-cotton exposure period in the vapor
hopper was 18 seconds, The quantity of humid
air available was 25.7 ft' 'lb of lint, which was
0.060 pound of water vapor per pound of lint.
Lint cotten in a moisture equilibrium with
the average humid-aiv test conditions of 95° F
and 80 percent relative humidity would con-
tain approximately 10.1 percent moisture (wet
bhagis}.

Preconditioned seed eotton—Moisture con-
tent of seed cotton before testing averaged 8.6
percent for the confrol and 9.2, 9.5, and 9.4

1Date for each replicate represent the average for
5 samples subjected to oven moisture-determination
tests.

percent for the atomizing-nozzle, vapoer-gener-
ator, and combination treatments, respectively
(table 10). Differences in the moisture con-
tent of the seed cotton after drying and before
moisture application were not statistically sig-
nificant among the control (no moisture add-
ed} and the three restoration treatments (table
11). The mean value for all treatments was
8.0 percent.

Foreign-matter contents, determined by the
fractionation procedure, averaged 4.5, 4.2, 4.1,
and 4.5 percent for the corresponding treat-
ments (tzable 12).
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TABLE | L—Moisture content of samples of seed
cotlonm arter drying and eleaning but before
moisture-restoralion {reatnents, combina-
fous fests!

JMoistuve percentage for--

Replieation Nozzle and

Contral  Nozzles  Vapor X

vapor
13 8.8 0.2 4.5 8.6
2 7.3 8.5 0.1 9.8
B 8.8 7.2 7.7 8.8
4 7.8 4.5 gl .5
3 4.8 1.8 8.5 7.6
4 7.3 1.7 6.8 7.0
i ERY T.H 71 7.8
8 T2 6.6 il 7.6
Average T R 8 8.4

P Dals for exch replicate represent the average for
G samplex sulijected te oven moizture-determination
lesls, Samples were Luken after seed-coiton drying and
cleaning hut before delivery to the conveyor-disteibu-
Lo,

CHHEferences in the moeisture percontages are not
stalistically significant among any of the lreaiments
tested,

Cotton molsture added. —Samples at the feed-
er apron showed that the amount of moisture
added to seed cotton by either the atomizing-
unozzles or the vapor-genervalor was statistically
significant al the s-pereent level, and that the
ameunnl added by (he combinalion treatmoent
wits significant ol the (-pereent level. Seed-
cotton-muisture content vesulling from these
treatments averaged 7.0 pereent for the con-
tral. and 4.0, 8.6, and 9.5 pereent for the nozzle.
vapar, and combination trealments (table 13).

The moisture content of the ginned lint
sampled bebween the gin sland angd firat Jint
cleaner averaged 5.3 percent for the control
and 7.1 6.2, and 7. percent for the nozzle,
apor, and combinalion treatments (table 14).
The moisture added to the lint by the vapor
generator was stalistically significant at the
a-percent level. and the amount added by atom-
izing nozzles was significant at the I-percent
level. Moisture content of the cottons subjeeted
to the nozzle and the combination treatments
didd nol differ significantly.

Cottonseed-muoisture contents at ginning av-
eraged 9.2, 102, 103, and 10.5 percent for
the control, nozzle, vapor, and combination

1§

TABLE 12 —Foreign-matter confent of wayon
samples of seed cotton processed before
moisture-restoration {readnients, rombing-
tion testst

Foveign-matter percentage fov—-

Replication \ . . Nozzle and
Contrel Nozzles Vapor vapor

i 6.1 4.4 3.9 5.0
2 59 4.7 3.8 4.7
3 1.5 4.1 4.7 4.5
4 4.6 4.5 4.2 5.0
5 1.0 4.5 5.2 5.6
6 2.4 2.9 2.7 3.2
7 4.0 5.0 5.0 4.7
8 2.4 3.2 3.2 3.1

Averapre 4.5 4.2 4.1 4.5

! Data for each veplicate represent the average for
b =amples subjected Lo fractionalion tests,

‘TaBLe 8. —Moisture content of feeder-apron
samples of seed cotion after moisture-res-
toradion treatments, combination fests

Moisture percentage for—

2eplicali

Replication Control Nozzles Vapor No\?:::;z;nd
i 8.3 4.5 8.9 0.8
2 7.0 2.9 18.6 121
3 7.9 8.9 8.9 9.2
4 7.8 163 9.7 8.5
B 7.4 8.6 g.n 9.1
G 7.1 8.9 8.3 8.9
7 7.5 8.5 7.7 9.7
3 7.2 7.5 7.1 8.7

T.ha 0.0L 8.6b 9.5h

Avoerapge?

' Data for each rveplicate represent the average for
5 samples subjected to oven moisture-determination
tests.

* Numbers in the vow followed by the same letter
are nok significantly different.

treatments {tabie 15). Differences in seed-

moisture content attributable to moisture-
restoration treatment were not statisticallv

significant.

Fiber-length fesés.—Digital fibrograph meas-
urements showed a consistent and progressive
increase in fiber length and length uniformity
with ar increase in the cotton-moisture content
(tables 16-18).

The 2.5-percent span length averaged 1.116




TaABLE Ll.—Mpisture content of lint sumples
cfter moisture-restorafion freutments, com-
Bingtion tosts?

Moisture pereentape for---

Replication — . .. Nozzle and
Contral  Nuzzles  Vapor vapor
1 4.8 4.7 5.8 8.6
4 b.3 19 5.5 T.2
: G 7.8 6.5 8.3
B! 4.0 Tl T.6 7.9
5 5.3 G.7 G 7.2
i3 4.8 7.5 5.8 7.8
T () 7.0 G 7.3
8 a.1 0.5 0.2 T4
Avevage 500 T.1h .20 Toil

t Data [or cach replivate represent the average for
§ samples taken between the gin stand and the lint
cleaner and subjected o uven maoisture-determination
Lests,

< Numbers in the row Tollowed hy the same letter ave
uet signifivantly diffevent.

inches for the vontrol {(no conditioning)., and
130, 1126, and 1.136 inches for the nozzle,
vapor, and combination methods. The increase
in 2.45-percent span length obtained with the
sapor treatment was significant at the B-per-
cent level, and the total increase for the nozzle
treatment was significant at the 1-perecent level.

The increases in 30-peveent span lengths for
both the atomizing nozzle and the vapor-gen-
erator rrealmoents were statistically significant
at the t-percent level. Average 50-percent span
lengths were 0.522, 0.536. $.532, and 0.541 inch
(or the control, nozzle, vapor, and combination
methods,

L'niformity ratios of length for the control,
nozzie. vapor, and combination treatments aver-
aged 16,8, 474, 17.2, and 47.7 percent. The uni-
formity increase was not significant for the
vapor-genevator treatment, but it was signifi-
vant af the &-pevcent level for the atomizing-
nozzle provedure and at the l-percent level
when both methods were used.

Obserrations.—Proper intermingling of va-
por and eotfon within the conditioning chute
should have been accompanied by greater
moisture-confent changes, Tt is highly probable
that a greater amount of moisture than was
measured was absovbed duaring the restoration
treatments hut wax given up to ambient aiy

TABLE 15.—Aloisture content during ginning of
coftonsced sumples tested ayter moisture-
restoration treatments, combination tests

Moisture percentage for—

Replication Nozzle and
Control Nozzles Vapor vapor
11.6 13.7 12.9 12.0
2 10.3 11.2 12.5 14.3
3 8.9 10.1 11.5 A
4 0.3 11.0 10.2 8.0
5 8.3 9.2 9.1 9.9
6 9.1 8.4 8.2 14.5
7 8.3 8.0 10.4 10.9
8 T.d 8.9 7.4 8.7
Average* 4.2 10.2 10.3 10.5

! Data for each replicate represent the average for
& samples collecled fvom the seed helt and subjected to
oven moisture-determination tests.

* Differences in the moisture percentages arve mnot
statistically significant among any of the treatments
tested.

TABLE 16.—Spanlength (2.5-percent) of ginned-
lint samples after moisture-restoration
treafments, combination tests

[Inches]
Span length for—
Replication T T Nozzle and
Control Nozzles Vapor vapor
1 1.118 i.132 1.116 1.130
2 1.122 1.138 1.130 1.144
3 1.128 1.140 1132 1.155
4 1.116 1.116 1.136 1.130
& 1116 1.134 1.144 1.144
3] 1.098 1.120 1.114 1.130
T 1.130 1,150 1.134 1.138
8 1.096 1.116 1.102 1.114
1.11Ga 1.130be  1.126b 1.136¢c

Averapa®

! Data for each replicate represent the average for
5 samples subjecfed to digital fibrograph measure-
ments,

2 Numbers in the row followed by the same letter are
not significantly different.
during passage through the extractor-feeder
and during fiber and seed separation.

The wvapor-generator method, as used in
these experiments, cannot increase the mois-
ture level of [ow-moisture seed cottons to a
sufficient degree that the cotton can be deliv-
ered to the gin stand at 6 to 7.5 percent fiber-
mois ture content. But this moisture level can
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TABLE 17 —Span length (50-percent) of ginned-
lint samples after wmoisture-restoration
{reatments, combination tests!

[Inches)

Span length for—

Nozzle and
vapoy

Replication T
v Control  Nozzies Vapor

0.614 0.525 0.520 0.52¢
B2t .H38 B33 536
530 D40 530 557
546 bd7 .b52 549
B34 5t b&T S H
498 B15 017 831
533 552 537 b3
004 620 o8 D

- W

oz =1 @

Averages G.5%2a 0.636be  0.65%b 0.541e
' Datn {or each replicate vepresent the average for
6 samples subjected to digital Tibrograph measure-
menlks,

‘ Numbers in the row followed by the same letter nve

not significantly diffevent.

be attained by ulilizing the alomizing-nozzle
and the combination procedures when the seed-
cotton-moisture countent is not lower than 6.5
percent, and ambient relative humidity is not
below 50 percent.

The amounts of moisture added by both pro-
cedures were excessive on dayvs when the am-
bient relative humidity exceeded 65 percent. On
these dayvs seed-cotton flow along the convevor-
distributor was sluggish, and flow through the
extractor-feeder was uneven or intermittent,
Excessive moisture added to cotton during gin-
ning can result in unaceeptable reduction in
grades,

CONCLUSIONS AND
RECOMMENDATIONS

Low moisture in seed cotton has long been
recognized as one of the most important prob-
lems involved in the ginning of cotton for
preserving its inherent length characteristics,
The need for restoring moistuve to cotton fi-
bers at the gin is dependent to 2 large degree
on weather conditions. It is recommended that
55 percent relative humidity be used as a guide
and that moisture-restoration equipnient on a
normal day in the Midsouth be activated be-
tween 10:00 a.m. and 7:00 p.m.

Moisture addition to seed cotton.—The res-
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TABLE 18.—Uniformity rativ of length for lint
samples after moislure-restorction treat-
ments, combination fegts

[Percent]

Uniformity ratio for—

Nozzle and
vapor

Replication
ephictior Control  Nozzles Vapor

46.0 46.4 464 46,8
6.4 47.4 47.2 46.8
47.0 47.4 46.8 48.2
48.8 48.0 48.6 48.4
47.8 48.4 48.0 48.0
4B.4 46.6 46.4 47.6
47.2 48.0 47.4 48.4
46.0 4G.4 46,2

47.4b

4.8

Averapet 47.2ab

! Data for each replicate represent the average for
b samples subjected to digital fibrograph measure-
ments.,

* Numbers in the vow f{ollowed by the same letter are
not significantly diffevent.

toration of moisture to low-moisture cottons
can aid in achieving a particular fiber-mois-
ture content at the gin stand. Both atomizing-
nozzle and the vapor generator methods are
adaptable to automatic moisture-contrel sys-
tems. Automatic safety cutoffs should be used
to prevent wetting the cotton or machinery
when cotton flow is stopped. When the gin
stand is not in operation, the humid air can
be directed to bypass the conditioning chute.
A photoelectric relay, installed near the atom-
izing nozzles, can insure that water is emitted
only when seed cotton is falling from the sepa-
rator into the conveyvor-distributor,

From a practical point of view, considering
investment costs and the quantity of moisture
added, the atomizing-nozzle method is less ex-
pensive and meore efficient than the vapor-
genevator treatment., Any rvestoration system
vequires {1) long exposure periods, (2) good
intermingling of seed cotton and moist air, and
{3} humidity control of the air conveying cot-
fon between gin machinery.

Moisture addition te Hat at tnt slide.—Mois-
ture added to cotton at the lint slide provides
no gnality improvement, but it eliminates some
of the problems associated with static elec-
tricitv and minimizes postginning bale-weight
changes resulting from the absorption of at-
mospheric moisture. Tt also allows the use of




lower hydraulic and press-platen pressure, re-
ducing the horsepower vequirements for the
bale-pressing system.
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