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ABSTRACT

The f l u o r i n e  c o n t e n t  of f a b r i c  sam~~1es t r e a t  ~d w it.h t h ree
d i f f e r e n t  f l u o r och em i c a l  f i n i s h e s  has been de te rmined  by meai t s  of b o t h
chemica l  and n e u t r o n— a c t i v a t i o n  t echn i ques . The r e s u l ts  obt i lned  us ing
the two anal y t i c a l  t e c h n i q ue s  are  compared , and the  a d van t a g e s  of neutroji

a c t i v a t i o n  are discussed.

I .

RESUME

On a d~ te rmin~ Ia teneur  en f l u o r des t i s s u s  t r i i t ~~s avcc
d i f f ~~rents  f in i s  f l u o r o — e l t e m i ques en proc~ dan t ~ Ia f o i s  par  analyse
chimi que et par  a c t i v a t i o n  n eu t r o n i que .  On compare les rt~su~~t ; i t s
obtenus avec ces m~ thodes a n a l y t i q ue s , et on ( t i s cu t e  des avantages
de l’ a c t i v a t ion  n e u t r o n i q u e .
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U n c l a s s i f i e d

~NTRO DUC T ION

DREO has been activel y engaged in study ing and developing oil—
and water—repellen t textile finishes suitable for use on specialized
clo thing employed by tie Canadian Forces . Certain fluorine-containing
polymers are especiall\ effec tive in providing the desired protective
properties and are als useful in augmenting the overall effectiveness
o. less expensive hydr ( carbon—based water repellen ts. Such “f l uorochemical ’
finishes are usually at plied by wetting the fabric with a solution of
the fluorine—containin~ pol ymer in an organic solvent , or w ith a dispersion
of the polymer in wate , and then dry ing and cur ing  under con trolled
condi tions. In this w.y the constituen t fibres of the fabric become
coated with a coherent film of the fluoropolymer.

Methods of r easuring the fluorine content of such treated fabrics
are of interest in ordt r to confirm that manufacturing specifi cations
have been f ollowed , an to determine the durabilit y of the finish during
wear or in the launderi ng process. In addition , such measurements have
made it  possible to r e a te the loss of repel len t p roper t ies af te r la und er i n g
to a probable disorientation of the fluoropolymer ;ubstituents at the
surface of the finish tather than to a significan t loss of the finish
material itself (1).

Chemical methods of fluorine analysis , as app lied to trea ted
fabrics , are generally hampered by the extreme resistance of most
fluoropolymers to comp ’ete decomposition (2). In addition , such methods
of analysis are dest rut tive of the fabric and so do not permit continuing
tests of the same samp 1 e to be carried out . Neutron activation analysis ,
on the other hand , is non—des tructive technique which can be adapted
to analys is of the Hut rine conten t of a treated fabric sample , and
procedures employ ing ti is method of analysis have recently been dev e l o p ed
at DREO.

This report compares the results of fluorine analyses of a
selection of treated f~ br lcs  as ob tained by means a f both chemi cal and
neutron activation tecini ques. The fabric samp les emp loyed were nylon !
cotton (50/50) twist f~ brics weighing 270 g/m

2 (5 ez/yd2) which had been
treated with various c(mmercially available fluorochvmical finishes .
The amount of any fluo ochemical applied to these fabrics Was such that
the fluorine conten t 0 1 tne resulting finish was loss than 1% by we i ght
of the fabric.

1
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MA t’ CR I Ai.S AND MI l’l II t I ) S

F i n i s he s

The fJuori~ ’htmical I I n i s h i s s e l t e t  i d  t e l  ~ t u d y  Wi re  a l l  oh ’ .11 n • ~
V t rom commcrc i i i  s ou r i u s  and t i so t i  as r i c e  i v i d .  Ilti ’s I i n  i s h i s ar  I i st  ed

in Table I.

TABLE I

~_ I_L _n! Jj L Ls hY~ ~~~~~~~~~

Name Chemi cal l)esc r I p1 Ion ~ou r ~ of  St ip 1

FC— 2 L Water—based f 1 noropo lyme r IM Ci mpan v

Zepe I B Wa t er—based f l u e  rope I ~me r 1)upt i

T i no t op  T—l 0 So l v e n t — b a s e d  two—component Ci h i - C t ’ i gv
I int sh containing a tluoro—
polymer and methac ry l a t e
a d j unc t

a 
Use of a commerc ia  I product does no t  imp I v  roco m l iwui ’. i t  10:1 O F I~~~~ l t ’ V a  I
of t h a t  p roduc t  by t h e  l)ep a r t m en t  o I N a t  i ona I DO I l i i i ’ 1 0 t hi x I us i ‘ii
of other products.

Fabri c Treatment

A 5O/~ O n .  ltm / cotto ’~ t w i s t  I abric, dy ed hut t ’t l ~t ’rw i~~t 11111 l I l t h e d ,
w e i g h in g  270 g/m ’ ( ‘~ o ? (v d ’ ) ,  was used as the  fab r ic sutsI rate f i t  .tl I
exper iments .

App r op r  I at . t reat m int baths c o n t a i n i ng  the  t i n t  sli s I I  :;t i d  l i i
Tab le  I we re made up In accordance w i t h  the manut acturi r ’s techn i cal
b rochure associa ted with each tinish . The FC — 232 and Zepe l B t i c at m e n t
b aths  con t a i n e d  3% Si’ l i d s  by weight  , wh l i e  the T I  n ot ’p ‘F— 10 bath , wh i ch
emp loved pe rch loroet hv lent ’ as solvent  , con t a I n e d  1% sol Id s hr We I ght

Unc lass I t  led
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Using  a t w o —d I p ‘ w — n i p  p rocedure , a n u m b er  ‘I t at) r i ’  s a mp  i t s
were padded on an At las p .idd j u g  m a c h i n e , Type LW— i , t o  a W e t  p i c k — u p
of / 0—100% w i t h  each of the  f i n i s h e s . F o l l o w i n g  p a d d i n g ,  t h e  I ab r  cs
were dried at room temperar ure and then  cured  at  14 5 °C f o r  t i g h t m i n u t e s .

‘fite same f a b r i c  s u b s t r a t e  had been t ru t t e d  p r oc lou sly i t-i

commerc ia l  m i l l s  w i t h  each of ’ the finishes listed In Table I unde r
similar cond i t  i ms to those used i n  t h e  l ah r a t or y  . These commercial
samp l es wer e  I n c l u d e d  in the t l u o r i n t  anal y s i s  e x p e r i m e n t s  fo r comparison
purposes.

ANALYT 1 CAL TECHN ~~~~~~

Chem ical Met tod

Tie chemic al method emp loyed at DREO for determining the
fluor ine content of treated fabrics is simi lar to the standard AA’I’CC
procedure (3) for fluorine determination.

0-ic—inch—squar e sampl e p ieces are cut from t h e  I abri c , weighed ,
and then corn ‘ i l et e l v  burned i n  a i r  i n  a 500—mi Sch ~ n i g er  Combust ion  F lask
containing 1 )—20 ml of w a t e r .  Four s epa rat e  combust  ions of  s i n g l e  o n e — i n c h
fabric squares are carried out and the  aqueous  s o l u t i o n s  which contain
the f1uor ide~ resulting I rom each combustion are combined . The combined
solution is then titrated witi’ 0.02N thorium nitrate using sodium alizarin
sulfonate as an indi ci t or. ‘the cut Ire combust ion/Ut rat ion procedure is
repeated a t tai of three tim es to g i v e  th ree  rep l i ca t e  d e t e r m i n a t i o n s .

[he weigh t oI  titrated f luorine is determined by ref e renc e
to a calibr ation grap h. Th is graph is produced by titrating known amounts
of lithium fluoride with O.02N thorium nitr ate using sodium ati zarin
sulfonate is the indicator.

l i e fluorine content of a given fabric samp le is calculated by
dividing the total weight at’ titr ated fluorine renulting from the 12
coutbustions hv the combined weig ht of the 12 one—~nch—square samples and
expressing t h e  r e s u l t  as a percentage .

The error a s s o c i a t e d  w i t h  this method s normall y I to  5% , w i t h
the measured f luor ine  conten t usuall y lower than hat known to be p r e sen t .
The major con t r i bu t i on  to t h I s  er cor  results f rom incomp le te  combustion
of the v e r y — h i g h — m o l e c u l a r — w e i g h t  f l uo r ina ted  polymers present in the
f in i s h , as in d i c a t e d  p rev i ous l y .

U n c l a s s i f i e d
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In a var iation of this procedure , a fluoride—sensitive electr ode
coupled to a pH meter with an expanded scale can be used to rep lace the
titration step . Once the meter has been calibrated with solutions of
known fluoride concentration , the concentration of fluoride in the c’oml us—

tion solution may be read directly .

Neutron Ac tivation Method

As will be described in more detail in a forthcoming report H
(4) ,  considerat ion of the various fast—neutron—induced reae’ti ois by
wh ich fluorine can be activated led to the choice of the ‘3 F(n ,2n) ’6 F
reaction as being the most suitable for the determination of fluorine - -

in fabric samples . In particular , this reaction is least subject to
interference by reactions produced in the constituent atoms of the
fabric or by other activities produced in fluorine. The same reaction
has also been previously considered for the determination of the fluorine
content of Quarpel—treated fabrics (5), but in this case an inconsistency
in some of the data was noted.

The isotope 18 F is a pos i t ron  e m i t t e r  w i t h  a h a l f — l i f e  of
about  110 minutes , and measurement of the amount of ‘6 F formed depends
on detection of the 0.51l—MeV y—rays  which are produced  as the  e m i t t e d
positrons come to rest and ann ihilate with ordinary electrons in thic’
m~ teria1 surrounding the activated samp le. Two such y—rays are emitted
in each annihila tion process and both of these could be detected in a
coincidence arrangement involving two scintillation detectors , or else
only one of the two quanta could be detected with a single detector.
In the present instance , since onl y a s ing le activity was to be measured ,
and because the spectrum was not comp lex , a single such well—shielded
detector was found to be adequate. The main interference was expected
to be due to the 10—minute positron emitter 1 3N produ ced by the 4N(n ,2n) ‘N
reaction in the nylon componen t of the fabric . Such interference with
the determination of ‘8 F can be effectively avoided by delay ing the
start of counting until 2—2½ hours after the end of the neutron irradiation ,
at which time the contribution of 3N to the measured activity will have
become insignificant.

Activat ion of the coated fabrics was carried out using 14.9—
MeV neut rons produced in the  3H(d ,n) ”He r eac t ion  by the DREO l 50—k eV
Cockc ro ft—W al ton  n e u t r o n  genera to r .  A total neutron output of about
101 0  n/sec was g e n e r a l l y  a t t a i n e d .

1:
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I ’llu s , it is •ippil rt .hul C h i t  neut ron : t ct  I vat lo u 1111:1 I vo l s hi~is a
t ium bu t sO di sI iim’ t , l ( l v , I i i  I I ’ll i’ve’r th~’ ( ‘he’hll I ea I C e~ ’ hi i i  i que . A 1i ,i t i  I t o m
h it’ Ii i gu t’ I ’ pot ent  i i i  m c i i  u’ae’v In th s. ’ method , I h i t ’  C e ehn  i quo lvi i 1s I i i . ’
I Ilh C t en t  unci ’  I t  :il l i t  y i n  ye I ved in ob t ; i  [n in g  t’t imp I t~ t e i’i)mbLls I I ou t s sI I lu
samp he In order I t ’  i’s ‘nyc’ rt Li i i ’  I I U() r i m e  i i )  811 1 noi’g i n  I s ’ f o  r iti s u l t a b i  i’
I or cht’mi i ’ .il 1111111 (1)11 I t  11 1 111 , . In add It l o u , a sma I I t’r samp ic ’ of I Ii.’ tab r I t ’

I an he’ t’mp h~c’s’~ ‘d t’ han is req U i  rod t o  r llfla I ys I s  b y ‘h ie n i lesi I me:iuis . Being
.i noii—s.h&’stt’ti’i l vi’ t i ’ 111) 1 ~~t i & ’ , nout ron act ivat I i ’t l  w i l l  pt ’rt n i C ;in : i  ly zeit
Slirhip h t~ to be l’ i s

~~ 1,ii ’s’d In the ’ fab  r io  sub st  r a t e  (e.g. by ot I t i ’l t  l u g)  in
tur det I lot I I u r t h er  ti’s t s , such as l a u n d e rin g  or wearing, e:in  he I I I  r r t e d
out , , i  ft t ’ r wh te ll Ch ic same 5111111) Ic  can be r emoved and ~i t i ; i  I vze’il i i y i  i t t  .

‘Flue’ i. I j a b  j i  li v o h  the neutron a c t  iva t t u t u  It c’hii i  i q i l . ’ , i s  di v.’ lop ed

~ut DREI) . depends I a r~ c lv on o I t ~‘i’ t i Vt ’ ret  cut  I en ~O t hosi’ lic E ‘so rots I I
8F nuclei wh I oh t u , iv  s u i t  I i t ’ I out k tnt’ i_ i ‘ cue ’ r g v  to ~‘s o. tp.’ I 111111 t ’ i t  lit’ r

t h e  t ab r i c  sample ’s  ot t h e  i t ’ 1  i nn  s t a n d a r d s .  I t  s O  I ) i ’O I ) , i h ) 1 t ’  t l i :i t  the
loss or ml g r a I l  s in  of I h ost ’  a t ’ I lv i,’ flue’ let was rs’s ~°n~ lb le lot I hit’
I noons 1st e’ricv In some ’ s t l  t h ’  dta L a  wh I oh was n o t  i’d i t t  p ri v i  ot i s  work  ( 5)
w hi  cli emp loyed  the’ sante t in e  I t ’ l l  r i ’ eac t  j i lt )  and d S i uii i 1 , s t ’  I s ’t ’h i i i  I

I l l  n eu t ron  a c t  IvIl t Ion anal ysis the t Il l 1 — s i f t  in t I l t ’ f l o u t  ron
I’ I ux away I rem Ciii ’ t a rget  is  i i i  i’onc em when a s an siw lo b  ; i u ’i  aiigeuneii 1
z ;amp Ic and 51 i nd ar d s  I s  t’m~~ I oy ed • s lnt ’e’ d i I h’i’e’ui I sp ec ’  i t  i t ’ at ’  I i v  i t  It ’ll

wj  I I he ’ in duc ed in  CI s ’  l - ; u l s ’ s ’ t ’Ss lvi’ COIlipOtl t’nt 5 e l f  t i l t ’ s,indw i oh. In Chit’
presen t  ln s t an s ’ e , h s ’ spou t f i  e a c t  i v i t  he ’s  sO t b ’  I we ‘ I i i  h s ~~t Ill ,iiid;ii’ uls
eou 10 d i  I for by tip ( 1 ’  I 1% ( I  s ‘ I  i i i ’ i ’ , i s  e’ c i i  I hi i’ t’ e’ I ;ih i  ri o Ch i ll s ’ S l i i i , ’ I ’ posot I
as ,i r e s u l t  el t h e ’  I ux gi .ishie n t through i l u t ’  s~indw i ’ h .  l ’ l t i ’  I , i u ’ th at
the l i r l , i  ly t i e’a I re’s i i It 5 ;i~,pt.:i red I i ’  he I ndept’uiden I t i  t~ Iii.’ ii umbi ’ 1’ o t  I ~i ! u  r i s ’

d l~~t’s en which t h e  d’t ornl l hi.It i o ns  wi’r ’ hllst ’ut i nip l he ’d t hi:iI C Ii.’ I l u x
g r a d ien t  was t ’s Scn t i . 1  lv ii s i r  . i i ’r u s s  liii’ Cli i i ’ k h l t ’145 s i t  liii’ s , it t tI ~ b i t .
‘111115 , in  t h u  Ii 0 , 1 S t ’ , tI n’ ivs ’T’ iigo spot ’ it It ’ . i s ’ t  l v i  t ’ s~ oh t h e  I w i ’  ‘ I i ’ i ion
St  linda rds provided ,i uut. ’a,u I t i g  I t i  I mt ’asiu rt ’ u t  l i i i ’  l ) t ’ L l t  i’ii ii I I l i x  . t t  ( h i t ’
p o s i t  I on of t hi’ lab  r i i ’  S i i t l lj )  i t ’  . ‘I ’I i I S I e ’& ’Iui i  i qti . ’  , howi ’vo r , lull s i t S

l im i t a t  ions It the ~~, n u h w i oh 1, s t s i u i  tiu l t ’k h,’esiti st- • i s  We’ l l  i i i  1 h o  e’Xps ’s ’te’d
inverse—square’ vau’ i :11 l o l l  I t  I ;I r g t ’r  s h i s t l i n i  ‘!i~~ I t t , ’  110111 l’0 t I  I I cix I l i i  I i i
o f f  so rap idl y near  t iii’ target tlt.iI tiiei ’t’ i~ p u t  c u t  I I i i  is i r l i i i 1 l l ; l c t ’u l’ l i t  e’

est imate’ of t i l t ’  avv r ~ gs ’ I I ux . Mo r e  ti i i l t e l  nu I t t : i s t  I i t  i c i h i  of  t I t t ’ t ’ t l m l i i i l l i ’ h lt s

of t h i’ sandw i c l i  e o t i h s  hu ’ II i . i I  iie ’ eI by I l i t  .iI 1.111 s i t  I hit ’ sIillelw I th u  .lhout •u i
ax is pe’rpt’iid it ’ u I : t  r 1 I h u t ’  ix is 5 ) 1  t in ’  den t  eron ht ’~ itn ~;o I ht : i t , ‘ ‘Il av t ’ i’ . l g ’

th e sandwich w o u l d  Ii. I Irad i ,l t t’d e’qu~i I ly rein h s ’ t h i  s ide’s • O t t 1  t i l t ’  I I s ix
ía I l — o f t  won I d  be. i ’I  t . ’ ,’I I vi’ lv  compt’us.-i I t sd ~i

I

r l~ lss I I i’d
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CONCLUSIONS

I . Neut ron ic ’ t I Vat I tin and Se’h iti I go i t’omhust I on  t ee ’hn I qut ’s t t s r
de ’te rmin  ing  tilt ’ ~u1iount ~‘t I I u ’ ’r lne ’  present  I n  f I uoru is ’homi c r 1  I — I re at  c~d
f l lb r l  es g ive ’  re’sul o w i t h  oh ar ( ’  in ge ’neral agree ’mcnt . The’ , i e t  Iv at  Ion

t techn ique , as w e l l  as re ’ liu  ‘ ~ l ug  a s m a l l e r  samp Ic I or l l l i~ I I ’s ’s i i i , Oi ifl h~”°” I d ’ ’

g rea te r  e x p e r i m e n t a l  ;ie ’ s’ tir acv  (~~1— 2 Z )  as compared to the chemica l
t e c h n i q u e  ( 1— 5 %)  , cin ch 1’; f r t ’c’ f rom inhe ren t  u n c e r t a f n t  tes pt m ’u l  f a r  C u ’
the’ chem I t ’ll 1 mc’ t hod

2 . Neut, ron , i s ’ 1 I va t  I On , u n l i k e  tIn ,’ chein I cal t, ee ’Iin i q ue’ , is iloti—

de s t r u c t i v e  and so p e r m i t s  c o n t i n u i n g  t e s t s  to be carrlc’d out on (lii’
slime fabric sample.

3. Tin’ pot cut 11 1 ;ti ’i’et racy of the neut ron act i ‘sat ion t e ’c l in  i q c i t ’
wou ld  pe rmi t  l i i i  Inves t  i~~at ton of t i le de t 5’if led un I fci i m l iv  s s f  ,i I I u o r 5 s 5  ht ’ uir I o i l
finish over an area ot’ It c o a t e d  f a b r i c .

I .

‘rhe . iu thou’ s ~ j shl  I s ’ t hank  Mr. F.C. Strain 11110 Mr. J.R. Bi’ I r-, ’~’ s t i
f o r  o p e r a t i n g  and m a i n t a i n i n g  tile neutron genera l or 

* 
Mi’ . J .W . Mont golu i ’rv

f o r  assistance In seal  log  Cite’ samples to  be l i s t i V l t t  eel ,ltlsl M r .  B .V . L 1ic rs ’ i x

t s r  conduct  tug  i i  uor 11) 0 a l l a h  YSe’S of f a b r i c ’ salup i CS U S I n g  I lIe ’ Schou l I ge’ r
combust ion t e c h n i q u e .

U n c l a s s i f i e d
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The f l u o r i n e  con ten t  of f ab r i c ’  samp les t rea ted  w i t h  t h ree
d i f f e r e n t  fluorochet ical f inishes has been determined b y means of both
chemi cal and neutrot  —activation techniques. The results obtaired using
the two ana ly t ica l  t echniques are compared , and the  advantages  of
neutron activation I me discussed. (U)
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