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Equilibrium Moisture Content of 
I.~ 

FIBER FLAX 

By X011)1,\1" R. BUANDENBUUG and JESSE E. HAU~IONlJ, u!lriCfI./,tlll'al engineers, 
Agrieultural Engineering Researeh Division, ,Agricultural Research Sen"ice 

SUMMARY 

Since about l!)BS, the United States Department of Agriculture and 
the 01'euon AurjcllJtllraJ Experiment Station luwe cooperated in an 
engineet'ing research program conclucted to lmproye eqlliprnent and 
methods used in processing fiber flax. Moisture content of flax straw 
anclfiber has been found to be an important factor in efficiency of 
processing, but ayailable literatme concerning these products has 
contained, little information on moisture. 

The study reported in tbis publication. was undertaken to determine 
the moisture content of flax straw and fiber when these products were 
conditioned in nll'ying atmospheres. This research had two mai.n 
objedi\'es-supplying datn needed by processors, and contributing 
basic information to a. relatively llnexp10recl field. 

Equilibrium moisture content of retted flax straw was investiga.ted 
initially in \"arious rr]ati\"e humidities and at ternpemhu:es ot 100° and 
HO° F. The im"pstiuations were later extended to include the flax 
substances deseribec1 later in this bulletin and we1"e conducted nt 80° F. 
)[ateri:t1s were brought to moi.stlll'e equilibrium in controlled atmos
pheres pL'o\'ided by a temperature-humidity cabinet with tOl'ced cir
culation. The substances were subjected to!) 1e\"e\s ofl't'latiYe humidity 
ranging from :W percent to 06 percent, and moisture content 'for each 
product \nlS determined fI.t each level. 

"'Then moisture content was plotted against relati\"(~ humidity, 
S-shaped Clll"\"es typieal of hygrof;copic materials were formed. All 
types ot flax straw studied exhibited ~reater equilibrium 1110istme 
content (moisture regain) than did flax 1 i ne fiber. :Moisturc re!!tlin 
I:Ul'\"es for tulsorption and desorption exposures enclosed distinct 
hysteresis areas for each substance. ..At 70 percent reJatiye humidity, 
the regain for unretted flax straw was H pel:eent by adsorption and Li 
percent by desOI'ption. MoistUl'e re~ain "alues for three forms of flax 
tow fiber displayed an il1\"erse relationship to the degree of proces!'>ing, 
w~)ile forced-ail' drying n,ppeared to alrect the hygroscopic propmties 
of l'ettt'd flax stra w. 

INTRODUCTION

• XumerollS substances hn\"e the ability to take up 01' release moisture 
under \'aryiJl~ atmosphel'ic ('onditions. 'rIlf'se substances Hrt! 1'e
felTed to as hygro~('opic. ',"ooel, pllper,l(.'ather, foo(istnll's, alld tex
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tiles are typical examples. :Moistllre retained by such nmtel'ials at a 
specific atmospheric condition is called equilibrium moistur~. content 
bectluse moisture is neither entering 1101' leaving the sl;,bstance. A state 
of equilibrium then exists between the retained moisture and the water 
'Vapor in the surrouncling air (10, p. 810).1. 

Other terms used to refer to equilibrium moisture content are 
moisture regain and hygroscopic l1101sture. :Moisture regain is the 
most specific of the terms and it is commonly expressed as percent of 
water weight to the bone-dry weight of a material. This term, ns used 
in thi.s bulletin, refers to the reguhtted moisture content of th'B 
materHlls tested. 

If not controlled, moisture mily cause undesirahle Yl1riations in 
weight, dilnensions, strength, and other characteristics of hygroscopic 
materials during their processing, and later, during their use. 

A:ir conditioning, as a means of regulating equilibl'ium moisture 
content, or regain, is considered essential illlllllnerous manufacturing 
operations. Color pril1ting, pharmaceutics, eandy manufacture, fwd 
textile processing are a few of the industries that employ cOlltl'Olled 
atmospheres to inSUI'e consistent production qU;1l~ty. In textile mills, 
for .instance. it has been detel'mined that the Lest condition for cotton 
spinning is l\ temperature of HO° to 80 0 F, witl1 a relath'e humidity of 
(iO to 10 percent (7, p. !/i'.3). Difl'erent atmospheric conditions, how
ever, .may be optimum for other cotton operations, such as roving or 
weavIng. 

Hygroscopic moisture is important in other ways hesides its influence 
on efliciency of pl'o('essing- and qua1ity of the fin ished pl'odu<;t. X1Ill1er-
QUS commodities are bOll~ht alld sold on a \Yei~ht basis, and their per
centage of moisture eOJltent (regain) mllst be adjusted to make tIle 
transactions mlid. Inllsmuch as moisture ('ontent afrects the physical 
properties of hygroscopic materials, tests of strength and of othel' 
properties should be ('onclucted under a standardized speeifie moisture 
content of the substance. 

Regain Hf,'lu'es had pl'e\'iously been establ ishedfOl' yarious materials, 
but this type of jnf()rmation for flax substances WaS extremely limited. 

In an earlier study cOl1(lueted in ~\.ustl'alia in IU.!,l, ('h'cenhill and 
Pickering (5, p. [)(j) determined that in flax s('uteh illg (ll1echan ieal 
separation at fiber from stalk), Hber yields fol' dl',',' str'a\\' increased 
about ;;0 percent when the moisture content of the straw \l'as increased 
to the optimum. 

In research conclUded by the ('nited Sh1.tes Depal'tment of Agrieul
turein HHi+, Brandenburg ~ showed simila\' trends: with fibcl' yields 
jncreasing about.;10 percent. 

Another ntlue of flax moistllre regain) flS pointed out by British 
investigators,.is its lise as an index of flax retUng. Retting is peculiar 
to vegetable-fiber processing and consists of bacterial decomposition 
of pectins and other su bsturlces tlHtt tend to cement fi bel' to stm w. A 

:t. Itali(' IllIl1lh<>I'H ill P:lI'Plltl](';:;(';; r(,fer to Lif;t of U<>f('I'(,II('e!'i, ]1. H. 
"13ItAKDI<;KIWI:G, N. H. 'I'll" ftF.LATIOK OF ~IOI.S'I'l·He ('OXTI';K'!' ,\,\'II "'fHF.H Y11·;I.IIS 

I:S- Sl'l"TCIlI i'\\:. AgrknltUl'lll Res(,III:('h ~l'ITir:e, Agricnltlll'1I1 Eligilleel'illg Re
search Di\-i;;ioll RellOt·t, 1!);)4. rCII]1ublh;hec1.] 
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British investigation reported by Samuels 3 indicates a close rela
tionship between pectin content and moisture regain of flax shaw. 

Flax regain data are also important in drying, inasmuch l1S they 
indicate a limiting moisture content for specified conditions of air 
humidity and temperature. 

THE INVESTIGATIONS 
,

In the initial investigation clu'l'ied out by the United States Depart , 
ment of Agriculture, in H)48-49, in cooperati.on "with the Oregon 
Agdeultul'al Experiment Station, It study was made of moisture 
regain of retted flax straw in v~l,rious relative humidities and at tem
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• FmUIIE 1.-Equilihrium Illoisture ('OlltPllt (regain) of rettecl flax straw at 
yarying relative humiditieii and temperatures. 

3 SA~[lH:LS, D. E ..T. .\ )!A'I'UE)UTTC.\r. Tm>A'I'~lI,X'I' 0(,' 11.\("1'1-:111.\1", ngTTIXG, AXil 
'rnl~ SrGXIFlCAXCE OF TilE ~IO!S'l'l:nE ImG.\!X OE' IIETTED STI:A\\". Btl. of Trade. Dil·. 
oC HOllie (·'lax Protl., ]'Iax nes. Com. ll. O. T. 8, FLX ;:;;;0, 8 \lp., illus. 101)1. 
[Pl·ocl's:wd. J 
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po;atures of 1000 and 1400 F.4 The plottecl results of tlus study, as 
shown in figu,re 1, illustmte S-shaped regain curves typical of hygro
scopic materials. 

The study reported in this publication was a continuation of the 
earlier research by the same two agencies. The study was extended 
to include the following flax substances: Unretted straw, field-dried 
retted straw, force-dried retted straw, line fiber, tow fiber, tow yarn, 
and linen tow fabric. Also tested were two common fiber materials
absorbent cotton and abaca ('Manila hemp )-whose moisture char" 
acteristics are well known. All these substances 'were exposed to !) 
levels of relative humidity at 80 0 F., and moisture content was 
determined at each level. 

The mention in this publication of a commercial manufacturing 
establishment does not imply its endorsement by the United States 
Department of Agriculture over similaL' manufacturing establish
ments not named. 

Materials and Apparatus 

. Terms used in this publication in connection with the flax materials 
investigated are define(l as fo11o,,'s: 

Betted st1Yl'w.-Straw that has been exposed to moisture and, as a 
result, has undergone progressive decomposition of pectin and 
other substances that tend to cement fiber to stalk. 

Field-dried. 01' air-dried. st1Ylw.-Retted straw that has been air dried • 
in the field after har,;esting. 

F01'Ce-(hied st1Ylw.-Retted stra'w that has been dried in a forced-air 
drier rather than air dried in the field. 

Oontrol stmw.-Retted straw of a given lot that has been field dried 
(air dried) for comparison with force-dried material of the same 
lot. 

Line jibe1'.-Long, clean strands of fiber. 
1'010 fiber.-Short, tangled fibers with shives (small pieces of the 

stalk) adhering. 
Samples of .flax straw and fiber used in this study were composited 

from nlill-run stocks of several processing plants in the 1YilIamette 
Valley, Oreg. Unretted, force-dried, and control straws were long, 
medium-to-coarse flax of the Cascade variety, whereas retted straw was 
short and of fine-to-medium coarseness. Line and tow fiber samples 
were of average fineness and cleanness and were typical of commercial 
production. The flax tow yam was spun from tow fiber and '''as I-ply, 
7-lea. The linen tow fabt'ic was plain-weave, bleached, undyed ma
terial woven frol11 this tow yarn. The cotton samples were prepared 
from sterilized surgical absorbent cotton. The abaca fiber (Manila 
hemp) was obtained by Ulll:avelling ;~-stntn~lreg:ular-lay :Manih~ rope, 

All samples were approxunately 2 IIlches m cllameter and 3% mches 
long. Throughout the study, they were contained in air-permeable 

• Cooperative stl1(lief; or Cllite!l Stat!':::'; De]1I1rtment of Agl'i(,llltl1l'e alHl the • 
Oregon "\gl'iellltllral Exp('rilll('nt ~tation (,!lIHlllde<l in l!)-lS Illlt! ]!)·I\) hy C, r. 
Branton, agricultural engineer, )fr, Branton is no\\' lo('att'<l at the Agriellltlll':L1
Expel'illlellt Statioll, Palmer, Alaska. 
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nS-1l5~X 

ll'IG ellE 2.-Flnx su mples. from left to !'ight: l'nre!Jc(l ;;tra IY, retted Htraw, iine 
tiber. tow tiber, to,\' yurn, and linen tow fabric. A1:-;o Rhown are airtight ean, 
wirc'mc;;h bu;;ket, ami seale;; nsed to determine moistnre c:olltellt. 

• 

baskets of small-mesh screen. Flax samples, scales, and other equip

ment used are s1\o\\'n in figure 2 . 


Materials 'were conditioned to different moisture contents by ex

posure to controlled atmospheres in a temperatllre-l11unidity cabinet 
with ail' circulatinu through the samples. In this closed system, 
shown ill figure 3, the source of heat consisted of thermally actuated 
electric-strip units. ~Ioisture was supplied ill the form of steam in
jected through a diaphragm yahe that was operated pneumatically by 
a wet-bulb controller. For test runs of low relaJive humidity, COll
ditioning air ,yas forced through a :5-inch bed of si1iclL gel inserted in 
the c!~binet to adsorb moisture. To pre\'ent air in the system from 
increasing in temperature beyond the desired point, room air sur
rounding the closed system was circulated through water-cooled coils. 

Temperature readinas were indic:lted by ps,Yehrometer, by dry-bulb 
,yet-hulb reeol'del', :ll1ct by potentionll'ter-pyromrter with copper-eon
stantan thermocouples. .An inclined draft gage ,,'as used to measure 
the airflow through the system. ~Ioisture contellts of samples \\'el'l~ 
determined hy llsing airtight cans, an electric own, and a tl·iplf.'-heam 
halance. 

Test Procedures 

• 
A blending techniqne '\'<1S llsf.'d ill preparing th(' flax samples, so t1mt 

each was eompositf.'d of pal'ts of' se\'era1 ('0 III IllE'l'('i a I lots. Fi\"e replica
tions "'ere ]ll'ep:u'ed in this ml'y for each of: tlH' fo11owillg elasses of 
flax material: l-nrl'\"ted st J'aW. lirlrl-drir(l stTa w. fOJ"('c-dricd straw, 
fOI'(·r·clried contl"Ol Htm\\', line fii>l'I', to", (il)('l', :l1l(lto\\- y~lI'n. ~Yithotlt 
blrnding, fiw" rep1ieat'ions \\'CI'e al:-:o pl'rpnrr(l for lillell (tow) fabric. 
abaca liiJel.' pr:llliia hemp): alld cotton fiber. 
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11'11;['1:1-: :>',--'i'PIlIIII'l":1tlll"t'-hlllllillit,\' ('allilH't with air "in'lIlatioll to lll"m'idl' ("011
lroll('d ('4IIHI itiollill)! allll""I'Ii"I"[', 


•\n'I'H,!!p \\'pig'ht" or thp ~:lllIplp" \1'(,1'(': 1·'I;\x ,,11':111' (:111 ('Ia""l':;). ~o • 
gTillllS: lillt' fUIl'I', ~,~ gTaIJl": to\\' filH'I', l~ !!I'lllll,,: "lliI('a, \I) JiI';\lllSj 
('Ottoll, l·~ !.!'I':llll~: to\\' 1':11'11, U !.!T:IIIlS: :111(1 liJll'1l rabl'i(', () !!I':lIl1:-', 

Each :;aillplp \Ytl" "llakpll \'i!.!:ol'()u:-oly :lIlll bl()\\'11 \\'ith ai'I' (0 1'l'lllo\-e 
\oosp IIlntpl'ia\ thnt 11Ii!!ht oI'lIPI,\\'i"p h('C'OIlIl' dl'I:I!'hl'c\ dUl'ill!.!' \nlpL' 
halldlillg', Thp :;1I111pll' '\\,,,:; thplI plll('('!1 ill it \\,il'(' IJa:,kl'1 \\'h(,1:(, il n' 
JIlaillPt\ Ihl'ong'hout till' 1(':;, pl'OgTalll, 

Dlll'illg' til(' ("ollditiollill!.!' PI'O('pr] 111'(', all HUlIP\('" \\'pn' h[,()II,!!ht, (0 
1I10i:-.tlll'n l'qllilibl'illlli alld \\'pig'hpl! at Pl'og'I'P,.;,.;in'ly i 1I('I'P:l"i II!.!' :llId 
dl'('I'l'n:;ill!! 1'l'lal in' hlllJliditil':-', ])IT \\,l'i!.!'h(s \\'('1'(' dp\l'l'llIim'(1 at thc 
('()1I1p\P('i()1I of thp ,..tudy, Thi~ t'('('h'iliqll(: \\,11:; patll'1'1ll'd "t'lpl' :--illlilal' 
wOl'k h,\' \\'il'g'Pl'ilik at the }\lItinllnl BUI'l':lll of :-;tallcl:lI.'!l:; (/;j, lijl, 
.;,j.'l-,;,jfj) , 

.\11 Il':t (,XPOSIII'P:; \\'PI'(, 1'1111 <It :l (It'y·iJlI\iJ tPllIpPI'atUI'P or SilO F .. hut 
\l'pt-lJlIlh tPII1Pl'I'lItUI'PS \\'('1'(' \':tl'ipd to pl'O\'itip a dilr('J'{'lIt l'l'latiw 
hUlllidify rOI'l'Il!'it (>X PO,.; II I'P, OIIl'P t h!' c\('sil'(>d ('(Jllllit iOIl"; 11'('1'(, 1wliip\'('d 
ill t'll(' ('Io:;pl\ ('olldiliollill!.!' ,,\',,1f'1I1. 11ll' fillpc\ wil'(, ha:,\.:l'I:' \\'('1'1' ill 
~(,I'I('<l ill till' ('niJiIlPj' ill two'ln\'PI':;, III (>1\('11 \a\'PI', litp fin' II;l..;kl'j~ 
o/' all,\' Olll' 1l1illl'I'ini (lillP lil)t'l', i'rJl' ill:;t;lIH'Pj \\1'1'[: iIlIPI'SP('I':-(,d :1I11()1l~ 
0111('1' hasht:;: P:1t'1t :'illlIph' 1IIl')I ()("('lIpil'd IIti", ":lIIIP 1(H'ntioll ill (itp 
('aiJillPt, ill all till' ti':--I 1"1111";, Ill'\'" lIlld \\,P(-Ilitill tPlllpl'I'atlll'(,S \\'PI'l' 
('olltl'olll'c\ alld 1l1Pa;,III'pc\ dlll'ill!.!: 111l' PX\,(),..lll'l' Ill'I'jnd. HIl(l :-'l'I(,(,t('<I 
S1Ullplp,.; \\'pl'P n>III01'p(\. ('illIlI(,c\, illld \\'pi,!.!'IIl'cl IH>I'iodicall,\', 

('ollditiOl1ill;.!' 11'11" ('()lItilllll'd IlIltil 1'('I)('ntl'<1 \\pig'hh or !lIP salllC •
Sillllpip \\'('1'(' (,()Il~I:tIlL lit whit'h tilll!' {II(' h,,""PI,.; \q'I'P quiddy I'PIlI()\'pd 
fl'olll tIl(' ('011(1'01[(,<1 ntlllfJ;'plIPI'P :tnd :-pall'l\ ill ail'ti!.!'\Jl ('1111:', 1';xp0:-lIl'e 
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times varied from 3"% to 8"% hours; and after each exposure, sealed 
can weights -were determined to the nearest 0.05 gram. Tests were 
run at exposures of 5 increasing relative lUllnidities-46 percent, 57 
percent, 70 p~?cent, 81 percent, and 96 percent; and 4 decreasing 
relative humiditie~76 percent, 53 percent, 32 percent, and 26 percent. 
After the 9 exposures, the samples were dried in an electric oven at 
212 0 F. for 48 hours, then weighed to determine t1le bone-dry weight 
of each. The weight figures so obtained, together with can weight and 
sample weight recorded after each single conditioning exposure, were 
used to calculate moisture content, or regain, expressec] on a percent
of-dry-weight basis. 

Test Results 

Temperature control of theconditionec] tlit· is indicatedin the follow
iug tabulation, which shows the complete range of dry-bulb and wet
bulb temper!ltures during heating-cooling cycles and steam-injection 
cycles of each of the nine exposures. All the dry-bulb temperature 
recordings were 810 +2 0 F.; and wet-bulb control appeared satisfac
tory except for low-humidity runs 1 and 9. In these two runs, with a 
silica-gel bed in the airstream, it was difficult to mainbtin low wet
bulb tempe1'lltures, probably because of a tendency for conc1itionecl 
ail' to escape from the system and to be replaced by room air of gretiter 
relative humidity. 

Temperature range 
Conditioning exposure (Xo.) 

_Dry bulb 1_'_~T_e_t_b_lIl_b_ 

e F. e F.l ___ _________________ . ____________________ _ I
~_~ 

2 _____________________ . ____ .• _______________ _ 70 -80~j 57 -62 
70 -81 ; (\5 -66~3 _____________________ ._ _ __ . ________ . __ _ 70 -83 ! 68 -69~ 
80 -82~1 73 -74~ " 5 -----------.--- ---________ .-. --- --_ .... - ________ ._. -----.. ______ ------__________ ._ 
7!)~-82 ! 76 -78u. __ .________________________ __. ______ . __ 
7!lY:;-82 I 78~-80 
7!J~-82 ! 73 -76

7__________ . ______ _ 
8 __________ ., __ , ___ _ --82 68SO j -69D_____________________ ,-._. __ --.------ -I 

71! -82 1 5f) -f)O 
- - - ----------, I 

• 

Conditioning data 1111d 11l0isture-('ontent (r(>gain) resnlts from these 
iJwestigations -are presented in table 1. Most elasses of materia] 
show('d a. relatively small l'llllge of l11oi"hlre content within any 1 
series of !") replications. This range was abollt ] percent 'for all flax 
snbshlllc(>S ex('(>pt linen fnb)'1c, for whic'h mngl'S of as nllich as -+ percent 
\\'et'e observed. The greater \'HI'iahility in faiJr1e moistill'e:; may havc 
been relnted /'0 bk:whing, sizing, \\'ea\'ing, 0)' other opera/-ion:.; {)cr
formed in the manllfacturing of doth; or to the fact that the fa )ric 
sample:; wpre )'e!alively ;:lllall. 

DISCUSSION 

It 1" anparent from table 1 that II of the conditioning runs were from 
the a(]"orption and 4 fl'om the c1p"ol'ption approach. Tn adsorption, 

·lfIll 2:1- ii!)~-2 
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TADL}l ] .-('onditioniny data a.nrl m.Oist1(,I'C-(!onteu.t (nfja,in) results jrom. ,? test e.l:posurcs oj flax and other materials at t;j
(~ dry-bulb tempel'll/,ure oj ap]Jl'oJ:im,alelll 80° F. and nt 'IJar?tin[f l'd(tl'ivc hmnidities 0 

~.-...." Conditioning datn Moil;tlll'c contcnt (I'cgain) 2 of- 0 

~ 
tl:j . Conditioning I Pield- Fol'c<'- Fidd

('XpOSU\'l' I Lcngth (fnl'('Llerl; rlrierl dl'k'c1 dl'il,d Flax Flax max Lincn Absorb- Abaca ~ 
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EQUILIBRIUM MOISTURE CONTENT OF FIBER FLAX 


the approach is from II state of lesser moisture content; in desorptiOll, 


• 
from a state of greater moisture content. In both approaches, when 
moisture content (regain) is plotted against relative humidity, the 
adsorption-desorption curves obtained are typically si,u-moid, or 
S-shaped. These CUlTes at any selected constant temperatures are re
ferred to as isotherms, and they usually fall to become superimposed 
on one another (8~ 1). 83). In textile research, the equilibrium region 
bounded by adsorption-desorption isotherms is called the hysteresis 
area. Strictly speakin,u-, any point. in this equilibrium region may be 
capable of representini the moisture regain of a sample .. 

The hysteresis phenomenon was investigated in this study, :lIlcl aJl 
materials were found to exhibit such a, characteristic to some degree. 
A ,>';ell-definec1 hysteresis area, enclosed by adsorption-desorption 
curves, is shown for ullretted flax straw in figure 4. As in all curves 
presented in this study, each point represents the average of five repli

-

• 

• 
FIGURE 'l.-EquiJillriulll Hloi!<ture ('ontent (regain) of I1l1rette(l flax ~traw nt 


HO° 11'. and at Yarying' relatin' llllllli(litips. 
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"·:'i~/'~~;~~,~~~~Zi!f~~J~~t 
12.00~ . ~::,;: 

·.cations, The deso.rp.tion cur:e.is showll j~in~l1g. the.adsorptio.ncui-ve . 
at 96 percent relative humIdIty, whereas It would probably pa.ss 
slig11tly belmy this point if higher humlclities had been employed. The 
moisture regain values shown in this figure are similar in general 
to those determined by Zink for oat straw and alfalfa (17, p. 4593). 

Although" the saPle typical hysteresis effect was. evident for aU ma
terials tested in this study, as indicated by table 1, only desorption 
Cl~rves are presented in subsequent figures. 

Equilibrium moisture (!ontent of tlii:ee classes of flux stmware shown 
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FWUItt; 5.-I·J!luilibriuIlI lIIoisture content (re~ain) of three da!i!'C!i of f1nx 
!<traw-l1Il1·ettl'(l. He[([-tll'jed J'(·tte<l, and [oJ'('e-dJ'ied l'ettNl-af RO° .F, :I1f(l at 

nll',\"ing J'('Iaf:in' 1t1l1lli(Iities, 


in flam'c iI. lTlln~ttl'd, field-dl'ied retted, and fOl'('C-clriecl retted stm\\' 
sho\\'ed similar trellds ~ hilt at higll(·r I'elnhvc humidities, moisture con .'tent of unrett:ed straw \\'as greater than that of rettf'd straw. 'l'hese 
Jind.ings al'e ill gellPl'al agreClIlCllt with the lkitish reseal'ell mentioned 

http:cur:e.is
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earlier (see footnote 3), which determined that. moisture l'egain of flax 
decreased. after reWng. It seems1?robable that this decrease was 
caused by the removal of hygroscoprc substances. 

It is possible to make a clirect comparison of regain values for force
ch'ied retted straw and field-driedl'etted control samples of the same 
lot. If these "'ere plotted, the regain values for the control samples 
would fan within the confines of the curves sho'wn in iigm'e 5. Al
though this suggests little difference between the regains for force
dried and control samples, it is interesting to note that at each 
exposure the control regain Talue would be the greater. This small but 
consistent difference inclicntes the possibility that forced-air drying 
affects the hygroscopic clulracteristics of retted flax stn):w. 

In drying fruits and vegetables, it has been found that too rapid 
removal of ,yater may cause a type of surface-cell distortion sometimes 
refel'f~d to as casehardening. This action could account for the lower 
regain values fOl' force-dried straw. However, a later study of this 
straw, conducted in 1956 (B, 7). g.;), sho>yed tensjle strength and other 
spinning-quality factors of force-dried fiber to be equal or superior
to those of field-dried fiber. 

• 

Flax fiber moisture-regain values that also revealed similarities in 
trend are shown in n.gm·e 6. Although the byo classes of flax fiber 
,yere not from the same lot. they showed similar clll'ves, 1\-ith .-alues 
for tow s1ightly greater than those for line. This relationship seems 
Jogical, inasmuch as tow fiber normally contains a considerable amount 
of residual shmy particles, sometimes called shi.-es; and regains for 
retted straw ,yere consistently greater in this study than ,,,ere those 
for line fiber. 

In a Danish study, (4, 7). 53), these stru,w part-icles, 01' shives, 'were 
found to llave a higher moisture regain than that of flax fiber. This 
was because they had a greater content of hygroscopic pectin. 

The line and tow f1ax fiber regain values shown in figure 6 agree 
closely with the regains fo1' line fiber reported in an Australian in\esti
gation (11, p. tJ). In this comparison, tow vallies conformed more 
closely to the Austmlian datu, than did line "allies. 

In al] test runs, the moisture content of abaca (J[allila ]lemp) was 
found to be greater than tl1at of the otller fibers shown in figl1l'e 6. A 
st!'~llg hygroscopic characteristic for abaca has been pointed out by
",hllldl ing (1 J,.~ 7)· 41). 

• 

Cotton, by contrast, sllOwed the lowest regain .-allles J'ecorc1edin this 
study. (See fig. G.) The literature was searched to compare these 
values with the regains establ ished for Hbsol'bent cotton in other 
experimental wOl'k. Data were found in several sourees-Inter
national Critieal Tables (D. p . .];2.J); Heatillg, Yentilating, ",\ir Con
ditioning Guide (1, p. 821); and ill1 article by Hillen and coworkers 
in Chemical Ellgineers' Hanc1book (6, p. 'l'7n. The regain results set 
forth in these three citatiolls "'ere based on bvo earlier studies-one 
by ",)Tilson and F\lWfl in 1D:2:2 ( j{i, p. tJlt) and anotller by CmTier 
Engineering COI'poration Research Laboratories in 19:20 (3, p. 780), 
both of which sho,red similar trends ,\"i01 consic1el'llbl'y higher regains 
than those determined in the present study. .At DO percent relative 
humidity, for example, regains were about 25 percent in the earlier 
studies; at DG percent l'elati'-8 humidity, regains were about 12.5 per
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FIGURE 6.-Equilibrium moisture content (regain) of several fibers-absorbent 
cotton, flax line fiber, flIL~ tow libel', and abaca (~ranila helllll)-ut SO· F. 
and at varying relative humidities. 

cent in the present study. The reason for such marked differences is 
not h.-nOWll. 

An estimate of moisture regain for typical :>' ,cbent cotton now 
being produced was obtained from the research! . )ratory of a large 
mnnnfactm:er.5 The regain ligures determined commercially cor
respond closely with the cotton curve plotted in figure 6. At 90 per
cent relative humidity, the commercial regain is about 11.5 percent in 
contrast withl1 percent in the present study. In other comparisons, 
the cotton regain values shown in figurc 6 are somewhat lower than • 
those determined by \Viegerink: at the National Bureau of Standardf 

'Perilonal cOllllllllnication from ;r. F. Ryan, Laboratory Director, The Ken':all 
Company (Bauer and Black), Walllole, Mass., Jan. 1(i, 1{)tiS. 



CONTENT· OF FmER JrLAX 13 
.00 

! ~p 
90 	 .~ ~ 

V" 

80 ~\e~	~~ 

~o· 

~ 

70 	 ~~ 
-	 ~~ 
•~ 60 	 ~ :L 
>-	 J~'!V50~ 
Q

i 
=» 40 !J ~I 
> 

:l: 	

AVi I{ 
I&J 

• 
30 

~ V NOTES 
..J 

I&J 

0:: 

20 

/)V 
~ 	 I. All ore desorption curve•. 

2. 	Eoch point is on overage 
of five determinations. 

10 

o 
l) 	

I " 4o 	 e 12 16 20 24 
MOISTURE CONTENT (t. of Dry Weight) 

FIGURE i,-Equilibrium moisture content (rpgain) of three ('lasses of flax tow
fabric, yarn, and fiber-at 80° 1<', and nt vnrying I'el:lth'e humidities, 

for "purified" cotton (15, p. 3uO) , but show a better correlation with 
results obtained by Urquh~lrt and "!illiams for ..American cotton 
(13, p. :312). 

The three classes of flax tow shown in figure 7 are presented together 
for comparison. 'l'he yam and fabric were from the same lot, and 
the fiber was from similar stock. .As might be expected, there is no 
pronounced likeness in the regain CUl"\'es for the three mat.eriaJs. 
HowC\'er, the moisture regain fo,' tow appearsirn'ersely related to the 
degree of processing. Tow fiber, whieh represents the least processed 
state, shows greater regain in th is gJ'aph than does tow yarn; the 
values for tow yarn, in tum, exc-eed those for tow fabric. It is possible 
that these trends are related to the presen('e of J'esidual stl'aW partides 
(shiyes) in most, tow products, as explained ill the discussion of fi~l1re 
6. Shive content tends to decl"ense with processing, us the stmw par

28 
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ticles wOl'kfl'ee of lhe fiber; and the gmdua1 l'emo\'td of hygroscopic 
shives, would etrectively ]owor the moisture l'egain of the remaining 
matel'lal. 

CONCLUSIONS 
Hesults of the investigations l'eported in this bulletin tu~e Slll11

ll1arizeclas follows: 
1..1:\.11 the substances tested exhibited definite hygros('opic ('hametel' 

jstics and showed typical S-shll.ped ('\\l'ves when Illoisture regtlin 
(equilibrium moisture content) was plotted against relative humidity 
of R condition ing atmosphere.

2. A hysteresis phenomenon ,,-as demonstrafed for each substance. 
This was seen in the:fact that the 1l10isture-re!!ain ('lllTe obtained with 
increasing relati \-e hum i<lities (adsol'pl"ion) silOwed less moisture than 
did the ('urye obtained with dcC'rcasin!! J'(:~lati\'e hllmidities (desorp
tion). ",Vith unretted flax straw at 7!)'pel'('ent relati\'e, humidity, for 
example, the moisture regain was l,h per('ent by adsorption and 17 
percent by desol'ption, 

3. "Cnretted flax straw showedilH'reasingly greater moisture regain 
than ditl retted flnx straws at: relati\'(' humidities abo\'e {iO perc-ent in 
both adsorption and d('sorption exposures, 

4, E\.idell('e WHS found thatfol'(,('(1-nil' drying :d1\,('t::; the hYJ,!l'os('opi(' 
clmractcl:i:.;tics of I'cttt,cl flax straw, Til both adsorption and dpsOl'ption 
pXl)OSUL'C~, rCJ,!ain for fo)'('p-dl'ipd mal"el'ial mls slightly less than that 
1'01' ficld-dl'icd ('ontl'ol samplt':; 01' the SalllP lot, 

T>. The thl'ce {'lasses of flax ::;tm \\'-UII I'ptte(1. fi(·ld-d I'ied r('ttl'c1. an<1 • 
foree-dried I'ctf(,(]-showed ,!!l'eatpl' moislul'(' I'('f!aill than did fhtx line 
fibpl', ill both ailSC)I-ptioll and (]ps()I'pt'ioll l'XpOSIII'(,S, 

n, '''hclI 1\\'0 ('laSS(':; of flax [il)('1' wen' C'(lIl1pal'('d. I'pgain was fO\llld 
to be {'onsistpiltlr gl'catcl' for h)\\' thaI) 1'01' liIH~. Thp (lil1'('I'(,IH'c was 
about 1 to 2 Pl'I'(,Pllt in bolh adsol'pt"ioll alld dt'SOI'plioll, ('X('('p! at high 
humidities when' the l'l.'gain 1'01' to\\' fih(,I' \\"as i)I/~ ])('I'('(,l1t gl'('atel' 
than 1'01' line libl'I', 


'I, Moisture I'PJ,!ain for tlll'('(' 'i'OI'lIlS of flax lo\\" sl'(>lllpd 1"0 ])l'inn'rscly 

l'clatl.'d to the dl'g"I'N' of pro('Nising, '1'0\\" libel'. I'P]}I'l'sentillg til(> least 

Pl'o('cssedstate, shol\'c(1 gl'('all'l' 1't'l!aill thall <lid lo\\" yal'lI. 'I'll(> l'eJ,!ain 

values for to\\- yal'lI, ill 1111'11, ('x('('l'(l('(1 thos(' "1'01' lillen tOI\' faln'ie, 
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