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viscose and high wet modur-us rayon staple fibres
h,ere irradiated uncovered in air with gamma rays in a

Gammacell 22o. Dosages ranged from 0 rads to 3.0 x 107

¡ads at a dose rate of l.2I x lO6 rads,/hour. Breaking

strength, work to break and Ínitiar- moduLus h,ere measured

on 25 single fib¡es at each treatment leveL. All measure-

ments followed ASTM methods.

Both breaking tenacity and work to break decreased

with íncreasing irradiation. The sropes of the regression
lines of these properties and of their logarithms on the

i¡radiation dosages indicated that the high wet modulus

tayon ù¡as more rapidly degraded. This was attributed to
the larger size of its crystarline areas. r,{ith both rayons

the work to break appeared to be affected more than the

tenacity.

The initial modulus of the viscose rayon increased

with increasing irradiation. No definite relationship could

be established between the initial modurus of the high wet

modulus rayon and the irradiation dosage.
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I NTROI]UCT I ON

Gamma radiation has been used suceessfurly in the
foJ-Iowing textile applications:

f. initiating graft porymerization of monomers

and polymers on to textile poJ.ymers (33);

2. measuring the density of spinning and fínishing
solutions throtrgh tanks and pipes (fS¡,

3. detecting and identifying minute amounts of
contaminants in finishes (33); and

4. sterilizing medícal supplies such es cotton

sutures (9).

Thus information on the effect of gamma radiation on the
mechanical properties of textire fíbres is important and of
particular interest.

Studies have reported the effeets of gamma radiation
an cellulose in the form of cotton and viscose rayon but

little information is avairable concerning its effects on

modified and polynosic rayons.

The developrnent of these modified rayons is an

attempt to produce a rnan-made celrulose fibre possessing

some of the desirable properties of cotten that viscose

rayon lacks. Modified rayons have improved dry and wet

strengths, better resistance to caustic alkali and shrinkage,
as well- as e higher modulus both wet and dry. These

characteristics have contributed to promieing acceptance of
.r.,':ir .': 1
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modified rayons as a substitute for cotton in many brended

febrics (23).

!úÍth the extensive use of gamma irradiation of
textífe porymers, and the present and potential market for
modified rayons, the effects of gamma rays on modified rayoRs

are worth investigating. consequently the purposes of this
study hrerE to:

1. determine the tensiLe characteristics of high

wet modulus rayon staple fib¡es irradiated in
air with gamma rays; and

2. compare the tensile characteristics of high wet

modulus rayon with those of viscose rayon folJ-owing

gamma irradiation in air.



REVIE}ú OF LITERATURE

In recent years, eellulose in the form of wood

cellulose, cotton and viscose rayon exposed to va¡ious high-
energy radiations has been the subject of a number of studies.

Many of the researchers exposed cellulose to gamma

rays, the radiations of the erectromagnetic spectrum with
the shortest wavelengths and the highest energies. Gamma

rays can transfer their energy to matter by three processess

1) S.onization, 2l excitation and 3) the formation of free
radicers. TextiLe poJ-ymers exposed to gamma radiation
undergo cross-linking or degradation. In many polyrners,

both occur simurtaneously with one predominating. Textile
fibres subjected to other forms of high-energy radiation
such as alpha rays, thermel neutrons, cathode rÊys, beta

rays and x-rays in various etmospheres are affected in a

sirnilar manner, provided the total dosage received is the

same (5, 38). [9ost of these investigations h,ere carried
out in an atmosphere of air, but even those done in vacuo

or in nitrogen resulted in simira¡ chemical- and physical

changes (4, 6, 25). Generally, the presence of oxygen in
th'e atmosphere slightly enhanced the reaction (4, 6).

Despite differences in the experimental conditions,

investigators have observed the foll-owing chemical changes

in irradiated cellulose: depolymerization, oxidation and

free radical formation.
ì:i'l::-:,:.-;;
'rrì,a rì.1
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Saeman E-! al.(35) ir¡adiated wood pulp and cotton
Linters in air with cathode rays. They observed decreased

viscosity in celrulose solvents, indicating deporymeriza-

tion. This result has been confirmed by other workers
(61 7r 8, 2Ir 22,30, 31,38) using both gamma rays and

thermal neutrons. Another indication of deporymerization,
j.ncreased sorubÍ1Íty in water and dilute arkali, hras noted

by Saeman et al,(35), GilfirÌan and Linden (zg) end Blouin
and co-workers (4, 6'), using various high-energy radiations.

The totar irradiation dosage received and not the

dose rate determines the extent of depolymerization ( s, 3g ) .

A Linear relationship between viscosity and ir¡adiation
dosage hras f ound in seve¡el_ studies ( 13, 3t, 35 ) .

The depolymerization of hígh-energy irradiated
celluLose appears to be an oxidative degradation. Beta rays,
galnma xays and therma] neutrons have a1l- caused oxidation in
various atmospheres, even in the absence of oxygen (S, 6r 7,

2O, 37). BLouin and co-workers (4, S, 6, 7) studied the

degradation products of cotton after irradiation in several
atmospheres. They found the presence of a rarge number of
carbonyl groups (ardehydes or ketones) and some acid groups

in the degraded fibres. Hydrogen, some carbon monoxide and

carbon dioxide !{ere evolved during the reaction. carbonyl

groups, acid groups and hydrogen were al_so observed by

Emamura ( 16 ) . The data of Btouin et al. ( 5 ) suggested but

did not confirm that carbonyl groups búere formed at ct and

t.':ì.1: j
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C4 brith chain cleavage and al-so at EZ, C3, C5 and C5 with-
out chain creavege and with production of hydrogen. some

of the earbonyl groups were fu¡ther oxidized to acid gxoups.

Blouin et al-.(5) noted acid group production at chain ends,

one group for every eeeond chain cleavage. In one investi-
gation, Teszler et al.(37) suggested that thermar. neutrons

caused onry hydrolysis at earry and late stages of irredia-
tion, and oxidetion during intermediate exposures.

During storage further decreases in viscosity heve

been noted. This neftereffectn is believed to resurt from

free radicars produced during the irradiation. These react

with oxygen absorbed from the storage atmosphere, causing

chain cleavage (21). Glegg (2L) found that wood cellurose
irradiated in nitrogen containing 8.26% moisture showed an

aftereffect if stored in air or dry oxygen. However cotton
(9, 22) and wood celLulose (22) containing at least 3.5%

water vapour during exposuxe to gamma radiatien in air
showed little or no aftereffect when stored in air. The

presence of sufficient water vapour during irradiation or

storage therefore, curtailed any aftereffect in the storage

atmosphere ( 21) .

Authors have al-so investigated the possibility of

changes in crystaÌ1inity. Infrared and X-ray spectroscopy

analyses indicated that no decrease in crystallinity oecurred

with garnma-irradiated cotton fib¡es (4, 6). However an

increased rate of dilute acid hydrolysis has suggested a
¡r:::1.;::.::t,i:
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reduction in crystaJ_Iinity (4, 6, 3S).

A number of the investigations on i¡radiated
cellul-ose have been concerned with physicar property changes.
Tensile property changes, in particular decreased strength,
have been attributed to random depolymerizetion of the ceLr-
ulose molecule and decornposition of the anhydrogrucose unit.
Because high-energy radiations, especiarJ-y gsmma rays, can

penetrate matter easíly, crystaLLine and amorphous areas are
affected equally. Recent]y, Krå{ssig (26) has postulated
that initially, chain ruptures in crystalrine areas do not
contribute to strength lsss as these chains are herd by

hydrogen bonds. This is supported by the observatíon of a

considerable dee¡ease in viscosity before any appreciabre

strength loss is noted (2, B, 38).

6eneralry, the deerease in strength observed !{as

negligible at írradiation dosages up to 1.0 x t06 rads but
evident and rapid at higher dosages (2r 4,6, L9r 25).
However gamma irradiation of cotton yarns and fibres has

ceused slight increases in strength between dosages of
0.88 x I05 end 0.93 x 105 rads (6, 3l). pan et e.I. (3I)
attributed this to e ¡eLease of strain alrowing a more even

stress distribution within the fibre. BlouÍn and Arthur ( g )

found that catton fib¡es and yarns exposed to a gamma xay

dosage of 2.3 x 186 rads shot¿ed no significant reduction
in strength. At 3.5 x 106 rads cotton yarns showed zt to
30.É loss in strength (lg, Zi, 3g). A higher dosage,

i :.,.r..i.

:tttr ,t 1
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4.4 x 106 rads, t,úas required to cause a simil-ar loss in
cotton fibres (4, 6). Both cotton fibres and yaxns l_ost SAf"

of their initial strength at 1.0 x 107 rads (2,38) and 6Of"
'l

at 1.5 x 10' rads (38).

Viscose rayon filarnent yarns irradiated with gamna

¡ays to 1.0 x l-06 rads showed a slight gain in strength (Z').

Viscose staple yarns decreased 25f, ín strength at 3.5 x 106

rads (18) and 50% at 8.8 x L06 ".d= 
(lg). TeszLer et al.

( 38 ) sbserved a 25fo s#ength ross in high tenacity rayon

fil-ament yarns irradiated with gamma rays to I.S x I07 rads.

Another tensile property, work required to break,

arso decreased after irradiation. Frank and Richards ( re ¡

observed a 1996 loss for cotton thread and a 261" Ioss for
viscose rayon staple yarn irradiated with gamma rays to

¿

3.5 x 10' ¡ads.

TeszLer and co-workers (:A¡ measured resistance to
extension of irradiated cotton and rayon yarns. They

observed that the modulus of cotton yarn calculated at the

yield point of the stress-strain curve decrease d 2E9 at

5.8 x L06 ¡ads and slightly more,22 to 239 at 1.5 x 107

rads. ïn the same study, high tenacity rayon yarn showed a

5% toss at 5.0 x t06 rads and no loss at 1.5 x lO7 rads.
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SUMFIARY

Random sampres of each rayon conditioned at 6sf,

rerative humidity and 7BoF., Ìârere praced in glass tubes and

irradiated uncovered in ai¡ with gamma rays from cobalt 6ø

in a Garnmacell 22o.r The dosages ranged from 0 to 3.0 x 107

rads at a dose rate of r.2J, x 106 rads/hour. The i¡radiated
fibres h,ere stored uncovered in air at 6S% retative humidity
and 70oF. untiL tested. Strength and initial- modulus túere

evaluated from the tensire load-etongation curves of single
fibres obtained from an Instron Tester. rnstron integretor
readings uúere recorded for carcuration of the work to break.

Lineer density measurements h,exe made on each fibre r¿ith an

Insco vibroscope before breaking. These resurts were used

to calcul-ete strength in grams per tex. Twenty-five fibres
brere tested et eech treatment level. Deteils of the test
procedure foLlow.

i '.. -- r

i:.: 
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FI BRES STUDTEI)

This study was confined to trøo staple rayon fibres,
reguJ.ar viscose and HPI-64 modified vis"o"".Z The stapre i.,.,;-'' ì". :'

fibre form was used sinee modified and polynosic rayons are

l¡4.nufa"tu¡ed by Atomic Energy of Canada Limited.
)-0ne_lb. representatj.ve samples of these rayons hrere suppried
by EourtauLds (Canada) Limited.



used only in staple form.

fibres are listed in Table

INITIAL PHYSICAL
AND HTGH KúET

Initial properties of these

I.

TABLE I

PRI]PERTIES OF THE VISCOSE
MODULUS RAYONS STUÐIED

FIBRE
LI NEAR
I]EN5I TY LENGTH

IN ITIAL
BREAKTNG TENACITY

INITTAL
MgOULUS

Regular
Viscose

FtM-64
Modified
Viscose

.*,
0.16

t.16

*
1 3/8

I r/2

19 .19

34.74

. /1ex)

41.34

64.O9

Nominal values provided by the manufacturer.

FIBRE SAF4PLINE

The visc.ose and high wet modulus rayon fibres hrere

sampled acco¡ding to the ASTÞ1 0s40-64 zoníng procedure (l)
to obtain representative sampres weighing approximately 3

grams. Ïhe two 3 gram samples were enclosed in bags made

from a nylon filament fabric3 and scoured as outlined in the

B. 5. Handbook No. 1I, Appendix C, Method A (ZB) to remove

impurities. The scoured sampres h,ere divided into 14 spee-

imens, each weighing approximately 0.2 grÊìms. The a.z gram

specímens were placed in fJ-at-bottomed glass tubes, 17 mm.

in diameter and 65 mm. high.

3Frb"i" number 316, purchased from Testfabrics Incorporated,
55 Vandam Street, New York, New York, I0013o

:-

I -,1:.,.-

f.t.
l.:::,

l
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I RRAI] IAT I ON

The samples urere conditioned at 6596 relatíve
humidity and 70oF. for at least 4g hours befo¡e irradiation.
The circuler test tube horder designed to fit tha irradia_
tion chamber of the Gammacell arrowed arl the tubes to be

positioned at the same distance from the Eobatt 60. The

holder had 24 circurar srots arranged in two ]ayers. The

tubes kúere assigned randomly to the slots. veriations in
irradiation intensity within the Gammacelr chamber h,ere

considered negrigÍbre. The L4 specimens of each rayon
arrowed two repricates to be assigned at random to the
following dosages:

leve1 0

l-evel I
l-eveI 2

level 3

leveL 4

level 5

level 6

0 rads

1.0 x f06 rads

2.a x 106 rads

5.0 x 106 rads
7I.0 x L0' rads
'l

1.5 x 10' rads
73.0 x l0' rads

I -:.'.- :i.'

These treatnent .LeveLs ri,ere chosen to give progressive
degradatÍon from 0 to sgØ strength loss. since Armstrong

and Rutherfo¡d (2) found viscose rayon yarn strength
increased slightly at 1.0 x 106 rads, this dosage was

chosen as the J.owest rever. The samples !úere irradiated
uncovered in aír at a dose rate of L.Zr x 106 rads/hou¡.

i::È:.iir'ï
[:i].:i..::ä-:::-::i
rlì-;:. i:=:*rì ::
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EFFECT OF IRRADIATION ON TENSILE PRBPERTIES

A1l sampJ.es hrere stored in the glass tubes uncovered
at 651" rerative humidity and 7ooF. for at reast 4g hours
prior to evaluation of tensil_e properties.
Breakinq Strenqth and krork to Break

Breaking strengths v',ere determined with the Instron
Teste¡ following the ASTM 034A-64, Method B (l), using a

test length range of 0.5 to 0.65 inchesr êr'r extension rate
of 0.05 inches,/minute, a chart speed of z inches,/minute and

a ful-Ì scal-e deflection of l0 grams. single fibres chosen
at random h,ere mounted srack between Insco vibroscope tabs,
spaced r./2 inch apart. coLoured opaque fingernaiJ- polish
b/as used to attach the fibre ends to the tabs. The longer
tabs, 6O mm. by 9.S mrn., h,ere placed in the upp.er jaw of
the Instron - The shorter tabs, 16 mm. by 9. 5 mrn. , h,ere

clamped in the lower jaw.

ïwenty-five resurts free of jaw breaks and slippage
were obtained for each treatment. The fibres exposed to
ir¡adiation lever 6 were not teeted as they were too weak

to support the weight of the short tabs during linear den-
sity measurementsr ox broke in handling.

Integrator readings h,ere recorded for each break to
allow calculation of work to break per unit length expressed

in gm.cm./l"ex cm., according to the ASTM D2l0r-64T method

(1). t¡/ork to break is equivarent to the area under the
stress-strain curve as illustrated in Figure l.

' ':.'j ,i' :r:

'i :j,"i: '

ii::.1!:1¡::::i.: ¡:ì
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AX Represents Tenocity of Breok.

Areo of OAX Represents Work to Breok.

Ton o( Represents Initiol Modulus.

o.r
Stroin

Figure l. Tensile Properties Expressed þV o Typicol Stress-

Stroin Curve.
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Linear Densitv

Linear density measurements according to the ASTM

OL577-66 Method A procedure (f) h,ere made on all fibres
before breaking, using an Insco vibroscope. The fibres hrere

mounted aB etated above. The shorter tabs weighing approx-

imately 0.15 grams each provided sufficient tension to remove

any crirnp when the fibres h,exe suspended from the vibroseope

sample holder. Care was taken to put approximately the same

amount of nail polish on the sho¡ter tabs. After breaking,

shorter tabs selected at random h,ere weighed and showed no

significant differenees in weight.

These determinations \¡úere used to cal-culate the

breaking tenacity in grams per tex.

Initial Modulus

The initial modulus ìrúas caLculated foÌIowing the

ASTM D2IAI-641 method ( I ) from the initial straight line
portion of the load-elongation curves as shown in Figure 1.

OERIVATION OF 5TRE55.5TRAIN CURVES

Stress-strain curves vúere derived to allow graphical

comparison of the effects of irradiation on the breaking

I cha¡acteristics of the rayons. The load-eLongation curve

of a fibre with breaking tenacity, work to break and initial

modulus values closest to the mean values of these proper-

ties was selected as characteristic for each treetment.

The loads at 0.0125,0.025,0.050 and 0.075 inches of fibre



I4

extension, the yierd point and the breaking point brere

calcul-ated in grams per tex. The repre6entative stress-
strain curves were plotted using these points.

STATISTICAL ANALYSIS

The twenty-five tests at each irradiation reveJ. b/ere

done consecutively. In arl other respects, the experimentaL

procedure was designed to be as eompletely random as possible.
Eoefficients of variation and 9Ol, confidence intervals h,ere

computed for the means of the properties investigated.
Analyses of variance h,ere made of both the breaking

tenacity and work to break on the irradiation dosages.

Estimated regression rines of these properties on irradia-
tion dosages !úere derived.

I 
": 

i ,ii 1r;:i-irr
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RESULTS AND OISCUSSION OF RESULTS

The mean values of breaking tenacity, work to break,

initial moduLus and linear density, along wÍth coefficients
of variation and glfo confidence intervals axe shown in TabLes

II and III. Stress-strain curves characteristic of each

rayon at all treatment levels are presented in Figures 2 and

3.

The results of this study are reported in two forms¡

the percentage change in tenacity, work to break end initiaL
modulus with irradiation for comparison with reeuLts from

other studies, and the actual change in these properties fo¡
statietical analysis of the relationship between the property

change and progressive irradiation.

BREAKING TENACITY

The breaking tenacities of both rayons decreased

with increasing irradiation dosages,

Percentage loss ín tenacity with irradiation dosage

Ís illustrated in Figure 4. Both rayons showed Ê rapidly

increasing strength loss with increasing irrediation up to

I.0 x I07 rads when the rate of Loss level,Led off. The

results for the high wet modulus rayon were in good agreement

with those reported by Armstrong and Rutherford (2'), Frank

and Richards (18) and Teszler et.al.(38) for gamma-

írradiated cotton yarns.

l.:

r:.-trl{jji
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TABLE II
Pl-,tY5ICAL PR0pERTY MEAN5, C0EFFICIENTS 0F VARIATI0N AND

9O% CONFIDENCE INTERVALS ÛF VISCOSE RAYON AT ALL
IRRAOIATTON LEVELS

C0EFFTCIENT 9t%
PRI]PERTY IRRADIATION MEAN OF CONFIDENCE

LEVEL VARIATTON INTERVAL

Breaking 0 19 . 19 14. BB 18.25 20. 13
ï enacity(õ;.i¡;;) 1 17'86 22'2a Ì6.s6 1e.r7

2 17.59 15.52 17. 84 18.]4
3 14.09 11.99 13. lg I4.gB 

i

4 9.35 26.37 8.54 10. f6 .

5 8.34 rg .O7 7 .A2 B. 86

lrlork to 0 2.4A3 29.96 2.38 2.43
Break
(gm.cm./ I 2'286 36'75 2'01 2'56
tex cm. ) 2 2.22A 22.67 2.L6 ?.40 

l

3 r.562 25.61 1.43 r.69 l

4 0,688 65.4L 0.54 0.84 
i

5 0.606 56. Ì1 0.4g o.7? I

Initial 0 4I.34 18.63 38.82 43.87 I

Modulus - F. Â,(;;:7t;.) r s4'06 L7 '37 so'98 - 57 'r4
2 45.64 19. 3 3 42.75 49.53 , ,,
3 47 .44 L4.92 45.L2 - 49 .76 ,, 

,.

4 48.51 17.60 45.L7 - 51.31 .,.,,,,'
: :,:

5 48. 52 23 .58 44.77 - 52.27

Linear 0 0.183 10.00 0.177 - 0.rgg
DensitY I o. rg4 g.77 t.Llg o. rgg(tex)

i :-, ": ,l2 0.181 8.23 0.176 0.l-86 i'ì+,,'

3 0.188 11.95 0.191 - 0.f96
4 0. t_85 10.05 0. r7g - 0. J.gl
5 0.L77 13.79 0.169 0.185 l
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PHYSICAL PRÛPERTY
90% CONFIDENCE

AT

TABLE III
MEAN5, C0EFFICIENTS 0F VARIATIUN AND

INTERVAL5 OF HIGH ldET MODULUS RAYON
ALL IRRAOIATION LEVELs

PROPERTY I RRAD IAT I ON F,IEAN

cu FICIENT
OF CONF IDENCE

Breaking
Tenacity
( gm. /tex )

0

I
2

3

4

5

34.74
32.26
30.18
23 .4I
14. 54

12.69

A

L9.69
20.06
15.28
20. 80

31.28
23.33

I NTER

23.52
21.6s
22.62
L5 .42

7.08
7.A4

45.96

42.87
37.74
31.40
22.AA

J.7.34

l¡lork to
Break
( gm. cm. r/
tex cm. )

0

I
2

3

4

5

2.9 44

2.597
2.46I
I. 510

o.774
0.550

3r. B3

24.64
22.r9
33.77
ss.56
52.73

2.64
2.39
2.28
L. 34

0.63
0.45

3.25
2.9J.

2.64
1.69
o.g2
0.6s

I nitial
Modulus
( gm. /tex )

0

I
2

3

4

5

64.A9

54. 38

50.08
68.2r
67.83
56.72

zCI.42

21. 8B

23. I0
2A.26

18.95
L5.60

59. B0 68.38
50.48 58.28
46.29 s3.88
63.68 - 72.74
62.A6 7r.?O
53.92 59 .62

L inear
Den sity
(tex) i::t:

llt,t

g

1

2

3

4

5

0.185
0.179
0.175
0.175
0.199

0.179

14.7t
r2.29
19.60
16.97
19.39

13.30

0.176
4.r72
9.164
0.16s
0.187

0. r7l

o.I94
0.186
0.l_86

0.185
0. 21r

0.187
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The Loss in tenacity for viscose rayon at B.B x t06
rads was consistent with the 5u% loss found by Gil.firLan and

Linden (19). No increase h,as found at 1.0 x L06 ""d= as

reported by Armstxang and Rutherford (Z).

Mean breaking tenacities pletted against irradiation
dosages for both rayons resurted in l_inear reLationships as

shown in Figure 5. Estimated regression lines for both
rayons are presented in Table v. The slopes of the legress_
ion lines differed significantly f¡om zero at the s% Lever
as shown by highry significant F test resurts in Table rv.
The F tests for deviations gave slightry signifieant resul_ts
indicating that the regression lines might not be linear.
This is likery as it is characteristic of some kinds of
degradation that the increase in degradation at any stage is
proportionar to the degradation thet has aJ_ready occurred
and is represented by en exponentiar rerationship. However,

since tha F vaÌues for regression vúere large in comperison

with the F vaLues for deviations, the sright significance
shown in the F values for deviations uras of no practical
consequence and the reJ.ationships l¡ìrere csnsidered linear.

The difference between regression sropes bras found

to be highly significant as shown in Tabre vI. This

difference suggested that high wet modulus rayon had a

higher ¡ate of degradation than regurar viscose on irradia-
tion. A poss5.bre expranation for this is that only a few

bonds between the large crystarlites in high wet moduLus

ii ì::..-i .raÌ .
¡ : ì.ì Ìl _rl-r:i:

.-l-r..:, ... j
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AN,lLYSES 0F VARIANCE
ON IRRADIATION

TABLE IV

OF TENACITY
DO5A6E5 FOR

TENACITY

ANO lûd0RK T0 BREAK
BOTH RAYT]NS

FIBRE
SOURCE

OF
DECREES

OF
5UM

OF
R IAT

Treatments 5
Regression 1

s37.5192
2559.a452 357.863;

32.2127 4.505
7. l50g

DOM RE5

2687. Bg6u
2559 .9452

MEAN
SOUA

v I scosE

ResíduaI 4 128.8508

FIIGH táJET

MOÐULU5
Treatments 5
Regression I
Residual 4

-E¡qos r44

ro,92g .t6gg
Lo,3rg.g5r6

609. r183
3915 -3325

2r85.8140
ro,319.9s16 37g .5s2ir52.2796 5.60r

27.1898

\,,r0RK T0 BREAK

FIBRE
SOURCE

TF
OE6REES

OF
5UM

OF
UARE

MEAN

r6. ggg3
78.5798 725.73g:
L.4654 4.2rA
B. 34gL

vISCUSE Treatments 5
Regression I
Residual. 4
Error I44

B4.44L3
78.s798
5.86r5

50.132r

HIEH !úET
MODULUs

ïreatments
Regression
R esidual-
Error

L26.9787
rL7.3249

9.6538
50.6 7¿s

5
I
4

L44

25.3957
rr7 .3249 333.4047

2.4135 6.858
0. 35t9

Significant at the 5% level.
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TABLE V

ESTIMATED RE6RESsION EQUATTONS OF TENACITY AND
I'JORK TU BREAK 0N IRRADIATI0N DOSAGES FOR BÛTH RAy0Ns

PROPERTY FIBRE EQUAT I ON

TENACITY VISC0SE }l = 18.62 t.TT x l0-6x
H IGH IdET
['40DULUS ! = 33.44 1.60 x l0-6x

y lepresents tenacity
" ii:;"::::;"'""adia-

!{URK T0 VISCOSE V = 2.36 0.14 x I0-6x
BREAK

H I6H tdET
MODULUS !=2.7I U.16xt0-6x

y represents work to
break

x repxesents irradia-
tion dosage
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TABLE VI

TE5T5 OF SIGNIFICANT OIFFERENCES BETWEEN
REERESsION sLOPEs

PROPERTY DE6REES
OF FREEDOM

CALCULATEOl
t

CR ITICAL
t

Tenaci.ty

Work to Break

L44

]-44

-9.35J.

-2.283

Á
-r.97
11.92

lf

{ê

*Significant
I-CaIcuIations
t test:

at the 5?6 levet.
hrere determined using

br-bz 
,

the Moditied 0$tudentrsil

where bl and b2 represent the slopes,
HSt and MSZ represent the mean
square erxox terms,

and f x2 (+)t represents the sum of
squares of irradiation dosage.

f.tì,r,t.:-
L

M5, + M5,
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rayon or cotton need to be broken for a great decrease in
strength. With viscose, because of smaller crystalJ.ites

and Iarger amounts of mechanically weak amorphous area, more

bonds must be broken to bring about a comparable strength

loss. A similar effect has been noted by Con¡ad et al.(I5)
when studying the tenacity of heat-degraded cotton and rayon.

WBRK TO BREAK

b/ork to break of both rayons dec¡eased rapidly with

increasing i¡radiation. Percentage lose in work to break

with irradiation is illustrated in Figure 6.

Mean work to break values plotted against irradia-
tion dosages for both rayons gave Linear relationships as

shown in Figure 7. Estimated regression lines for both

rayons are presented in Table V. The slopes of the regression

lines differed significantly from zero at the 596 level as

indicated by the highly significant F test results ¡ecorded

in TabLe IV. The F values for regression h,ere so large in

comparison with the F values for deviati.ons that the sliEht

significanee shown in the latter F values could be considered

negligible.

The difference between regression slopes vì,as shown

to be significant as reported in Tab1e VI. This difference

led again to the supposition that the high wet modulus rayon

had a higher rate of degradation.

i.' :, --

The regression lines of work to break on i¡¡adiation
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dosage had greater sÌopes than the regression l_ines of
breaking tenacity plotted against irradiation. This suggests
that work to break is affected more by irradiation than tena_
city. This is reasonabre as work to break is dete¡mined both
by the breaking erongation of the fibre as well as the fo¡ce
requíred to break, whereas tenecity onry indicates the force
requi.red.

AN EXPONENTIAL FIT TO THE OATA

The significant F test resur-ts for deviations
suggested the possibility of an exponentiar relationshíp
between tensile properties and progressive irradiation.
ïherefore, subsequent anaryses of variance h,ere carried out

on the logarithms of breaking tenacity and of work to break

on the i¡radiation dosages. The data fit the exponential
relationship v = vo lO-bt more closely than the former linear
relationship. This bette¡ fit is indicated by the smaller
F test ¡esul-ts fo¡ deviations presented in Table vII. For

tenacity, the F tests for deviations hrere slightry signifi-
cant, but srightry smalrer than those obtained in the former
analysis. For work to break, the F teets for deviations
h,ere non-significant.

Estimated regression rines for both rayons are shown

in Table vIII. The difference between the regression sJ.opes

of tenacity on irradiation rr,ras found to be significant as

reported in Table IX. This agreed with the former analysis

i

ì

-ì: 'i i

i'J: j:1ì
;:,:iji::,:.i:Ì

:'l!-:]::1.]
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TABLE VII

ANALYSES OF VARIANCE OF LI]GARITHÍVIS OF TENACITY AND
tâ,0RK T0 BREAK 0N IRRAOIATI0N D0sAGEs FOR BOTH RAyBNs

TENAC ITY

50uRcE
FIBRE

VI SCOSE

OF
AR

Treatments 5
Regression J.

Residual- 4
Error L44

3.0809
2.9547
o.126r
r ^2't25

2.9547
0.0315
0. B0g4

*
350.9145rÉ

3.741L

.::'-:,:'.
- r': . a,.

.t.
.::!:.:.::,

H I6H !{ET Treatments
M00ULUS Regression

R esiduaJ.

5 4. s643
1 4.3963
4 0.1790

l+
3L2.6372*

3.1718
4,3863
0. 044 5
0.0140Error 144 2.02U0

WORK TO BREAK

SOURCE GREES
FIBRE OF OF uF

UAR
MEAN

V I 5CCIsE

ATION FR

Treatments 5
Regression I
Residual 4
Er¡or I44

r2. 3651
rl.58g2
o.7759

12.959s

F
RAT

1r.5892 L?A.7689
0. 1940 2.1556
8.0900

H ICH h,ET Treatments
M0DULUS Regression

R esidual

5
I
4

L5.226e
L4.7477

o .479r
L4.7477
0. Ilg g

0.0845

174.6323
1.4L86Error I44 J.2.1603

Signifieant at the 51" Ievel.
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E5T IMATED
hIORK TO BREAK

TABLE VIII
REGRESSION EQUATIONS OF

ON IRRADIATION OOSAGEs
TENACITY AI\ID
FOR BOTH RAYONS

PROPERTY FIBRE EQUAT I ON

TENAC ITY V I 5CO5E

H IGH h'ET
MODULUs

¡, = (18.68) (to-2.6t x 1o-8x¡

! = (33.34) (tO-3.18 x I0-8x¡

v
X

represents tenacity
represents irradia-
tion dosage

h,ORK TO
BREAK

V I SCOSE

HIGH l¡lET
MTOULUS

! = (r.gz) (to-5'17 x to-Bx,

! = (2.78) 116-5'8s x to-Bx,

v

x

represents work to
break
represents irradia-
tion dosage ':a .:::- _: :

. : ..

irtl.:ttî:a::r:ì,
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TABLE IX

TE5T5 BF SICNIFICANT ÐIFFERENCES BEThfEEN
REGRESSION SLOPEs

PROPERTY I}EGREES
OF FREEI]OM

CALCULATEOl
t

CRITICAL
t

Tenacity

b{ork to Break

2AA

2AB

2.49A

1.04r

4lr.97
4

-r.97

Significant
lc.lcuLations

at the 596 level.
!úere determined using the ttstudent I sn t test:

whererbl and b2 represent the slopes,bp- represents the pooled estimateof the variance,

and f x2 (+)2 represents the sunì of
squares of irradiation dosage.
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in suggesting that the high wet modulus r'yon h,as moxe

rapidry degraded than the regular viscose. However no

significant difference between the regression slopes of
work to break on irrediation rÂ,as detected as shown in Tabl_e

IX.

The greater sropes of the work to break regression 
;...,..:;,.,.;on irradietion than of the tenacity regression on irradiation i¡.,,.',r

,'.indieated that work to break ùvas affected more by irradiation i¡,::,,:,,i

than tenacity. This supports the findings of the former
anaJ-ysis.

INITIAL MODULUS

Figure I shows the percentage change in the mean

initial moduli of both rayons. There Éppears to be an

increase in the initiar modurus of viscose rayon with i_ncreas-
ing irradiation. No cr.ear trend was apparent with the initial
moduJ.us of high wet moduLus rayon.

l;:i,'. rr.
i..:---,-.,.
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SUMMARY AND CBNCLUSIONS

Viseose rayon and high wet modulus reyon staple
fibres were irradiated uncovered in air with gamma rays from

cobalt 60 in a Gammaeell zzo. The seven dosages ranged from

0 rads to 3.0 x 107 rads at a dose rate of l.2l x t06 rads/
hour. Breaking strength and work to break measurements rìrere

made on 25 single fibres of each treatment. Initial_ modulus

hras measured on the load-elongation cuxves. All measurements

h,exe obtained using ASTM methods.

The fibres irradiated to 3.0 x I07 rads h,ere too

weak to handJ-e.

Breaking tenacities decreased with increasing irradi-
ation. The slopes of the regression lines of tenacities, and

of the logarithms of tenacity, on irradiation dosages were

significantly different from zero for both rayons. The high

wet modul-us rayon appeared to be more rapidly degraded as

indicated by the sJ-opes of the regression l-ines. possibly,

fewe¡ bonds between the larger crystallites of high wet

modurus rayon need be broken than between the smaller cryst-
allites of viscose xayon for the same relative decrease in
strength to occur

tdork to break decreased with inereasing irradiation.
Again the slopes of the regression lines of work to break

and of the logarithms of work to break on irradiation dosages

differed significantly from zero for both rayons. t¡Jork to
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break appeared to be more affected by irradiation than

tenacity. This tendency was attributed to the fact that
work required to break is dependent on the eJ_ongation in
addition to the force necessary to break the fibres.

The initial modul-us of the viscose rayon increased
with increasing irradiation. There b,as no definite reLation
between the initial modurus of the high wet modurus rayon

and ir¡adiation dosage.

The resuLts of this study show that high wet modurus

rayons are comparable to cotton in their ¡esistance to gamma

rays. This indicates an additional similarity between the
two types of cellulose.

For future study of the effects of gamma irradiation
on high wet modulus rayons, the following considerations are
recommended:

1) the use of intermediate irradiation dosages

within the range of 0 to l.S x J.07 rads. ïhis
might aid in determining the effect of irradiation
on initial modulus;

2) the wet tensíre properties of i¡radiated high

wet modulus fibres;
3) the comparison of the breaking characteristics

of irradiated high wet modulus fibres with those

of irradiated cotton; and

4) the investigation of caustic alkal-i resistance
and shrinkage resistance of irradiated high wet
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modulus fibres.

.'Li.]:f::]
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