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FOREWORD 

This report give3 the results of a study carried out -LG determine the 
correlation between two methods for dete'inining the cleanliness (oxygen 
number) of feather filling materials. Both methods are widely used by 
the various state bedding lav enforcement agencies and the Federal 
Government. No systematic attempt had been made previously to establish 
the equivalency of the resulting data. This study shows that the two 
methods have a high degree of correlation and the relationship between 
them can bs expressed by a regression equation. This work was carried out by 
the Textile Engineering Section, Fiber and Fabric Research and Engineering 
Branch, Textile Research and Engineering Division of the Clothing and 
Personal Life Support Equipment Laboratory under Code 103^21*50, Refinement 
of Specific Test Methods. 

Special acknowledgment is made to Dr. S. J. Kennedy, Director, 
Clothing and Personal Life Support Equipment Laboratories, for his 
direction of the study and to Mr. Howard C. Winslow, Assistant Chief of 
Furniture and Bedding Inspection, State of California, whose laboratory 
made oxygen number determinations by one of the two methods studied. 
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TRACT 

The correlation between two methodu of determining the cleanliness of 
feather filling materials has been determined. Both methods determine 
the "oxygon number" by titrating a water extract of the filling materials 
with a dilute potassium permanganate solution. The methods differ in the 
manner of preparing the water extract, and determination of the end point. 
In one n^thod used by the Federrl Government, the endpoint ig determined 
visurlly« In the other method, used by the Laboratory of the Bureau of 
Furniture and Bedding Inspection, State of California, the endpoint is 
determined by a colorimeter. It was found that the two methods have a 
high degree of correlation, with a correlation coefficient of O.9O2. 
The following regression equation shows the relationship between the two 
procedures where Q is the theoretical oxygen number according to the 
Government method and C is the actual oxygen number determined by the 
Cell 'ornia method: 

C r, 0.905c + 1.72 

All of the actual values of G wore within two standard errors of the 
estimated theoretical valueü calculated by this equation. 

IV 



.:;om\ELATION BET'~TEEN T.-10 METHODS FOR DETERNINING 
OX'i'o}Efr rr:.~m:::RS OF FE.r"\'l'IJER FILLI:·7G l-11\TERIALS 

l. f,::. .s..::.-: ): tr£ir •c"X(>ll·:nt f:lJin(: po~l2! JSn11nsu~e.t1ng qualities, 
{~~J.;,!-:.·r~ .·.;:.:~ ·:.:.;.rn ~c'J.V~~ O~'.:n -...:::r;:;d fO'!.' g~:.n~'.-~Ettion~ !~ pillm;s, slcepin~ bn~o 

·::::·c.; •::.1o+!-,::-,_g, T!::r::>:- m.3.t•.:ri~1.lc· g~~n.-.:'ra1ly art 'iivic.l<:d. in.to th:r·ee broad 
;:i;:E·e•·.;-·i·::~: ~~<i.'t•.:Yft~if:_ f'.:at.her::J down e.nd la.ndfov::_ fP.z1thers. vlaterfowl 
f'::1~.t::-.s <:"':1:: 1::-: f:w~h.--:7' (1·9-~c:ified a!~cording to their origin as either 
c'(lC:<'··:· cr· r'l.·.•~·k; -~:.G:l l-::1-ndfo.,l. fehthe! :?· e..s chi·~ken or turkey. Dolojn>' d\te to 
-~t.e ·Y~!·-:tlle .:-'t~:...~=·t:J;·.:.·~ ts .:-xt:r':mely light. in ·..reie;ht with h1gh filling power 
a:--:d ·.·.l('f;-t }l::r.~. r~2: l.i ~nee, W'!l'te:rfo·.rl ;fes:the:rs di f:!:er from la:ldfo•ll f(:.n. thers 
pti.'1l-1:ti.:· .. ;r 1:: thM. t.r., ... y !:.'lv•: &. p:r.::,r..~c.nc~d C:.4rl wh.l('h giv":'e them their 
~mpr·JY-:1 fD:i..i-::t; :n~:-~.:•Jr, T·o jmprcvc fill'i:1g p')ver, la.nd!'owl featbers u.r~ 

·J.::· .:.)..:..ly ·; ·~ ·-~'r :.t::c}: -~ ':"i'F:-~~-:1::~ whl·:.h crudE'S or b:o,:!lk3 t!1·~ ur.aft of the 
f??~.~::.-:·r~, :.::. -r:\L: fcr:L U'1;.y ~::-t kn·:nm .-ss ('.rJ.nhec'! feathers. Down is by 
f.-:·.: ·f:t.•: me~< ·:OX:r>·~·n~1V£' El."l'i :.8.:-ldhvl :!'-::nth~r~ the- lt:?ast expensive of t.heoc 
mt"d . .:.:~i~1l[' . 

:rr:~i 1 tl'<· 1
·.:' ••. : ·.:vn.-:•nt (•f -the Tan-O~QutlwQM p-rocess (l) oy the U. G. Army 

Nt;.t,:._"i-: L~t-(:.:-::.•·::. ~~:::, dot-rn m~d fe.o.th8r~·~ except fer washing, had been used 
'in t!':·:'::t~- .r.at.::-.:tl s':.:\ ... ~~- F!"ae~err~ tre:::tted by 'this proce~c 'l.nve greatly 
L"lp::ov·-:C. f:'..~l:!:J.g p·:··.of~; Jl cle.1.~liness a.n1 ::esic-tnnce to degr.s.d!ltion, The 
pro:: ·?~S ha.s 't":'~n widely a:!otr~ed. by the r-e:ath~r and down i!ldustry. All 
~:...s.+.:::-::::::: .er-,::1 do'N:l p::-~~·:ured by t~~ lJ, s. Army fo::- e.l~eping bags are treated. 

F·:J.t.!;--~·=~ s~.d. a~:Jt .. f'l., 1~ th~·i:r .~9.~~.rr"'"l stat~, contain for~ign matter 
:.:.:!·:::i:=:t·:ng 0i b:ooii, E·:ilj vegetabl':" fmd fecal matter. Fortunately, theoe 
·"la" . .::r'-~"!.'Z' a:rt: eaHily r.:-rlOY-?:1 'b:t !\ r'::'ll\tively eimple procedure of was-hing "tdth n 
l..::tc:::re;~~.t and ar:. a:l\:~li.::l~ bu1ld.o:r !oll~)'W0d by several :rinses and a laundry 
:o,~r. '\{,v- t1:~R and dr-v'i nc>, -1 ~"1"o-::-:du:~·r. for ,tl;tesc- rnate:r'lllls have been described 

j -, ' -._ V (.JI 1 I) 

':Jy Co!:":.c·n '· .L-' a~,d R::g~ :-:::_, K~·.J:.~~ 8'!'1'! Cohen,.:. J. Th~ ~a.tter authors found that 
:1 :;~,m:m-:-:::-:1al ~o·R~t!r.t?. U..i!d •:!:--~:,r; prc-:.e:iur~ properly carried out, readily 
- T)v·:~ >..)::'d-. •_:t)'j'-~: ':'!>: r.:.' .. ur~~·. ~m:t:-"·:!.~ fot:r:d on fe.others. vith the 
:. X . ·.'p-:: •:'of. • .... f ~ i.. :.:;;t)~ >".: f .. ; ;n:. '•.IS ~'l-: i l:. L 

T:: '-~·ct<.r:~~: ;.f '.~·-:· ~·.· .. ~r·-::·~· o~ d.o;."l':. n:'\v-~ '::o•.:c-rt oroperly wa!:'hc~ .r.. method 
· i ·~ ·•. •··· • .-..:6 t~.·.>. ~ J.e::..r:.1.:::~·.:-.~ 1~ :-:.~ •.. .-~::·'1. In 19-2e: :r. F. Knight ~Jd-:~scribcd 

.·:· ":~c~1 :--~r ~._: '"7wlniDg ~b·!' :1-:"~n~!:t,~~~- of :·-':'~th~!'?. It C•"nsi~te,l of 
~~~·.• . .t:·1.:r;g -:H) ''->x.yg"!~ ':'lt:;:-;1::-:r'' ty i:::t-::rt"!!r:,ing th~ emonrtt of pot~Sbii..'.ID ~rmA.n­
.~,-~"'"·"' •:, , ... t .. '"'" to •:,, ,.,, :- r':.,.-. ,•A1r,.,.. ...... ,.._....,.., .. ~t i"' a ;.;oter .n.xtr"'ct of tb"", 

.} ... , ........... + 1'-··., ....... . • ..... ·-:7 ... ...,, y·••·" ......... _. __ ..., .. v 1:'"'-· ... -·t ~ , .. ~ ~... ~ .;1. ~ 

:~,::1~:-,:::.c·.c::~ ln ~9!.>.:::, K.;.r:=, Pv;.)··rs.~+: ar~ F..:--:h:me.~(~, el<"-:1l•~!l.t.ed various methods. 
:<...1·~···3 · p:-~. • 1~~·; ;« w·-.~Y: •_;·,·: S't•.L-._.: ~.:: N·:·.., 'fork u~v-p+ .. ":.:, !\ me-t.hod for 
.J .. .,~ .. ·p;_r:~.~!! •:~ ~-~~··.:~-~ ... _:-~~-(off;.~· .. ~~;.~-:;. •,/:_~·~1-J ,.:o!~f-~ .. ~t~U ~ss~ntie.lly c.f 
tP·:··'.:.:.~.g !\ -.;o·.:.r ,-,..~_:'V~ Gf -.t~ f~'S:tt-::r~ w:tt 8 0,1 nor;r.al. pota.s~iJm perman­
g'J.--:y•.- "':-:!•.<t!·;:.~. w. P.. G-:.cJz.l.:,_; :r- 1.')~6 ;•rcpo~~·! a e!::J!ilar metJJod -which was 
j~'"'i!- t:r ~tto: 3"~.,.~ :·~" Ce;.!f~:--·::-;~ .. ~- 'I~i2 rt~" .. hc:! •_.r..:a ... ~ I~t~~r r~vised l:~y He C, W1nslov 
:::c:· •.t 1.' ~1":- :-. :-.~.:.: ~-.!' -:.n:· ~=-·t:.:·I::.r:.;;d t-y 9-,fc:lor~~-:-..::..t-:-r ~:rl r.ecor-le:- :r:i.ther than 
. , ,:, . ~ .. • ... .... · c·· ·:: ~ .. • ('r.-... .:.' r ·; '1=- ~ ·" • .. • ·,o j ·: .;:;- "'· t.i:J'.!>. ~ ~''.3 ··~r" --uc- mP-thod .... o-r_ 'I , .• . _._ 1...... . • ,. ,_., • ...., A. .., C."'.,# . , • ""' .. J. ,J. ·• ,. I _ . \,. t" ~ . . · ,_ .. t:;,. ':::.."" - U 'f • ... "" ko.. .,. ... , t.Jo 
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jetermining the cleanliness of feathers and concluded that only the oxygen 
number method gave consistent and. reproduecable results. Thi3 method is 
used in Military and Federal Specifications'''and by the State Bedding 
Law officials. ' The State of California used the revised method developed, N 

by CH>TZ and Winslov- Both methods, as. contained in Federal Standard IkBeS,^ 
are given in the Appendix. In the remainder of this report, these will be 
iefered to as methods k  and 12,respectively, corresponding to the nomenclature 
in Federal Standard ikQa. 

Methods k  and 12 are similar in many respects. In both methods a 
10 gram sample of feathers or down is tumbled in a Jar with 1 liter of 
distilled water and the extract is filtered and titrated with 0.1 normal 
potassium permanganate solution. They differ, however, in the following 
manner: 

a. The revolutions per minute (R, P. M.) of the tumbler jar is 
55 R. P. M. for method h  and 88 R. P. M. for method 12. 

b. The total time of tumbling is 60 minutes for method k  and 15 minutes 
for method 12. 

c. The size of the screen openings through which the extract is filtered, 
is 7^ microns (standard no. 200) for method h  and 420 microns (standard no. ^O) 
for method 12. 

d. In method k  the end point is determined visually while in method 12 
it is determined with a colorimeter.  i 

Most of the State Laboratories use the official method of analysis of 
the Association of Bedding and Furniture T.av Officialir / This is similar 
to that of method h  except that the rate find time of tumbling are followed 
from method 12. Requirementr,  for exjgen numbers var   ong the various 
states and Federal organizations. In general, howev;  oxygen numbers greater 
than 2k  indicate the filling material nna not been £ ^perly washed. 
Requirements in Military and Federal specifications vary from 6 for 
Tan-0-Quil-QM treated waterfowl feathers and down to 12 for untreated crushed 
chicken feathers. 

The Laboratory of the Bureau of Furniture and Bedding Inspection, State of 
California, recognized as outstanding in the fleld,has conducted studies 
on feathers and down for the Federal Government and the Association of Bedding 
and Furniture law Officials. Since cleanliness of feathers and down, as 
determined by the oxygen number is a requirement of the Federal Government 
and of many of the states., it was considered desirable to determine if 
methods k and 12 could be used interchangeably, and if not, what the 
relationship was between them. This paper g?ves the results of a study 
designed to answer these questions. 

- '   '^'cdure 

Three laboratories participated in this program. Each laboratory made 
ten. determinations of oxygen number on each of the eight types of feathers 



end down listed in Table I, Two of those laboratories, coded Q and L, uoed 
method h  and one coded C, used method 12. Q is the laboratory at the 
U. S. Army Natick Laboratories., L is a commercial laboratory and C is the 
laboratory of the Bureau of Bedding and Furniture Inspection, State of 
California, The eight types of material analyzed were selected as being 
representative of various types of commercial naterials and also to give a 
range of oxygen numbers. 

TABLE 1 

Types of Filling Material Analyzed 

Sample No.. Description 

634 Untreated Wnole Chicken Feathers 

635 Tan-O-Quil-QI-i Treated Whole Chicken Feathers 

636 Untreated Waterfowl Feathers 

637 Mixture of ^0$ Down, 6o# Waterfowl Feathers (Untreated) 

638 Untreated Down 

639 Tan-O-Quil-QM Treated Waterfowl Feathers 

640 Untreated Crushed Chicken Feathers 

6^1 Tan-0~Quil-QM Treated Crushed Chicken Feathers 

To prepare uniform samples for analysis, one pound of material was 
placed in a cylindrical wire cage and rotated for one hour at 10 R. P. M. 
The interior of the cage was fitted with baffles wnich moved the material 
from side to side in addition to the forward movement in the direction of 
rotation» The material was then piled on a table in the form of a cone and 
divided into three vertical sections or slices,one of which was sent to each 
laboratory for analysis» 

3« Result a and Discussion 

The oxygen numbers determined by each laboratory and the averages 
for the ten determinations made on each sample, are tabulated in Table II. 
In the remainder of this report, unless otherwise stated, the values used for 
oxygen numbers are the averages of the set of ten determinations made on each 
sample by a laboratory. 



1 TABLE II 
Oxygen Nuwbe: ■s 

No.  
laboratory 1 

X 2 3 4 _L JL 7 8 _2_ 10 £v£- 

C 

Q 
L 

43.2 
52.0 
46.0 

48.0 
54.0 
48.0 

57-£ 
52.0 
48.0 

51.2 
52.0 
52.0 

53.0 
44.0 
44.0 

43.2 
48.0 
48.0 

54.0 
64.0 
48.0 

47.2 
50.0 
48.0 

56.8 
44.0 
48.0 

43.6 
44.0 
44.0 

49-7 
50.4 
47.6 

635 C 
Q 
L 

5.0 
4.0 
4.0 

4.8 
4.0 
4.0 

5.6 
4.0 
4.0 

5.6 
4.0 
4.0 

5.2 
4.0 
4.0 

5.2 
4.0 
4.0 

6.0 
4.0 
4.0 

6.0 
4.0 
4.0 

4.4 
4.0 
4.0 

6.0 
4.0 
4.0 

4.0 
4.0 

636 C 

Q 
L 

6.4 
8.0 
8.0 

5.6 
8.0 
8.0 

5.2 
8.0 
8.0 

5.6 
8.0 
8.0 

6.0 
8.0 
8.0 

6.0 
8.0 
8.0 

6.0 
8.0 
3.0 

6.0 
8.0 
8.0 

4.8 
8.0 
8.0 

4.8 
8.0 
8.0 

5.6 
8.0 
8.0 

637 C 
Q 
L 

11.0 
15.3 
20.0 

11.9 
20.8 
20.0 

11.2 
24.0 
20.0 

11.4 
16.0 
20.0 

16.0 
14.0 
20.0 

12.0 
17.0 
20.0 

9.2 
16.0 
20.0 

11.4 
14.0 
20.C 

10.4 
25vO 
20.0 

11.2 
22.0 
20.0 

11.6 
18.4 
20.0 

\                     633 C 

Q 
L 

32.0 
32.0 
28.0 

36.4 
31.0 
32.0 

34.0 
34.0 
32.0 

37.6 
31.0 
32.0 

36.0 
32.0 
32.O 

38.4 
31.0 
32.0 

36.0 
36.0 
32.0 

38.4 
35.0 
32.0 

28.0 
34.0 
28.0 

28.8 
36,0 
28.0 

34.6 
33-2 
30.8 

639 C 

Q 
L 

6.8 
4.0 
4.0 

4.4 
4.0 
4.0 

4.4 
4.0 
4.0 

4.4 
4.0 
4.0 

6.4 
4.0 
4.0 

4.8 
4.0 
4.0 

6.0 
4.0 
4.0 

3.6 
4.0 
4.0 

6.0 
4.0 
4.0 

4.8 
4.0 
4.0 

5.2 
4.0 
4.0 

640 C 
Q 
L 

42.4 
44.0 
52.0 

46.8 
4o.o 
52.0 

58.8 
54.0 
52.O 

57.2 
40.0 
60.0 

54.0 
48.0 
56.O 

54.4 
46.0 
56.0 

54.4 
47.0 
60.0 

52.0 
44.0 
60.O 

61.6 
44.0 
56.0 

49.2 
51.0 
60.0 

53.1 
45.4 
56.4 

64l C 

Q 
T u 

10.0 
6.0 

11.0 

5.2 
8.0 

16.O 

10.8 
8.0 

16.0 

12.0 
6.0 

l6.0 

10.4 
8.0 

16.0 

10.0 
10.0 
16.0 

12.8 
9.0 

16.0 

5.2 
8.0 

16.0 

11.2 
8.0 

16.0 

10.8 
8.0 

l6.0 

9.8 
8.3 

16.0 



ff 

The data in Table IT shows that all of the individual determinations 
of o.xyten numbers made by laboratory L were multiples of k.    Also that for 
five out of the ten sets of determinations made, the 10 indivudal readings were 
identical. Siace one drop of 0.1 permanganate is approximately .05 ml or an 
oxygen number of h,  it is indicated that in these cases the oxygen number was 
.determined counting the number of drops of permanganate added and multiplying 
by h.    Method k  requires that the amount of permanganate used be determined 
by readings on a burette calibrated to .02 ml. Nevertheless, a high degree 
of correlation was obtained between laboratories L and C or Q. 

The regression equation between laboratories Q and C calculated by the 
method of least squares ^'was Q3O.905C ■*■ 1.72, Uaing this equation, values 
for 9 (Table IV) were calculated. The sum of the differences between labora- 
tories using actual and calculated values of oxygen numbers (Table IV), was 
found to bvj about the same (-^.3 vs -k,6)  indicating that the overall     /1?-v 
differences la either case were about equal. The standard error of estimate 
was 3«'>« Theoret^rally for a normal distribution, 95 percent of the values 
should fall within two standard errors of estimate of the calculated values. 
Actually (Table IV) all of the values were well within this limit. This is 
shown graphically in Figure k. 



The relation Wveen the oxygen numbers, as determined by each 
laboratory is 3hown graphically in Figures 1, 2 and 3- There appears 
to be a high degree of correlation between the various laboratories. This 
was confirmed by the correlation coefficients given in Tau^e III. These 
vere alculated using the procedure of Maroney  . 

TADLK III 

Correlation Coefficients - Between Laboratories 

Laboratories Correlation Coefficient 
  — '■    '    ■ ■■■—-—.. ■—■■■■■■■in.     I    «■■■■■■I» -I      ■ ■■—■    HI 

QYBL .938 

C V3 L .96O 

C vs Q .982 

1». Conclusions 

There is a high degree of correlation between methods k and 12 in Federal 
Standard 148a, for determining oxygen numbers. The following regression 
equation appears to fit the data as all of the actual values are within two 
standard errors of estimate of the calculated value. 

Q * O.905C + 1.72 

C is the oxygen number determined by method 12 and Q ia the value according 
to method h, 



30- 

40- 

30- 

20- 

10- 

T- 
10 20 30 

'~1— 
40 

-r— 
50 60 

Figure 1.    Oxygen Numbers Q vs. L 

60 

30- 

40- 

30- 

20- 

10- 
i   x 

-T 1 i i r— 
10 20 30        40 SO 60 

Figure 2.    Oxygen Numbers L vs. C 



ou - 

50 - 
X 

K 

40 - 

X 

30 - 

20- 

10- X 

X      X 

1 1— 

X 

 - "T"*~ T— "T     1 
10   20   SO   40   50   60 

Figure 3« Oxygen Numbers Q vs. C 

s 

60 -i 

50- 

40- 

S 
3 30-1 
o u 

20- 

10- 

♦ 2 Sq 
2 So. 

Sq * S*d. irror of tstlm« »3.4 
> • octuol voh>t of onjfotn «umiitr« 

1 -l 1 1 1 1 

D 10 20 30 40 50 60 

C QCtuOl 

Figure h.    Oxygen Numbers C Actual vs. 
Q Calculated 



TA3LE IV 

Comparison of Actual and Caloulated Values of Oxygen Numbers 

Oxygen Numbers Total 

Sample No.   634   635   636   637   638 639 640 64l 

Laboratory - 

C actual    49.7   5-4   5.6.  11.6   3^.6 5.2 53.1 9.8 

Q actual    50.4   4.0   8.0   18.4   33-2 4,0 45.4 8.3 

Q calculated* 46.7  6.6      6.8  12.2  33.O 4.9 49.7 10.5 

Q act - C act +0.7  -1.4  +2.4 +6,8 -1.4  -1.2  -8.7 -1-5 -4.3 

Q cal*- C act -3.0  +1.2  +1.2 +0.6 -1.6  -0.3  -3-4 +0.7 -4.6 

Q cal*- Q act -3-7   +2.6  -1.2 -6.2 -0.2   +0.9  +4-3 +2.2 -I.3 

11 iMiwiii r ■ ■ n      ■amiBfii mi      in 

Calculated from Q - 0 65ft + 1.72 
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Appendix 

DETERMINATION OF OXYGEN NUMBER (TITRATION METHOD) 

1.  SCOPE 

1.1 This method is intended for determining the oxygen number of feathers, 
fonther products, down and mixtures thereof by means of a titration process. 

2. TEST SPECIMEN 

2,1    The specimen shall consist of 10.0 + 0.1 grams of naterial prepared as 
specified in 5»1« 

3. NUMBER OF DETERMINATIONS 

3.1 Unless otherwise specified in the material specification, two specimens 
shall be tested from each sample unit. 

it. APPARATUS AND REAGENTS 

4.1 Apparatus 

h.l.l Tumbler jar. The tumbler Jar and apparatus shall be as specified in 
method 5500 of Federal Specification CCC-T-191> except that the jar shall be 
all glass or stainless steel. 

4.1.2 74 micron (standard No. 200) sieve 

4.1.3 Analytical balance 

4.1.4 Micro-burettes (2) (divided into 0.02-ml divisions). 

4.1.5 Porcelain cacserole 

...1.6 Stopwatch or other suitable equivalent, and timer 

4.1.7 Beaker, 2,000 millilitcrs 

4.2 Reagents 

4.2.1 Distilled water 

4.2.2 6N sulfuric acid 

4.2.3 Potassium permanganate 

U Fed. Std. No. l48a 



5. PROCEDURE 

5,1 Preparation of specimen. Approximately 28 grams of the material shall be 
exposed iu the unpacked state in a container composed of solid bottom with 
screened sides and top until in standard condition. The material snail be 
mixed with a rod over the exposure period to insure complete relaxation and 
conditioning. The test specimen consisting of 10.0 + 0.1 grams shall be taken 
from the conditioned material. 

;.2 The specimen shall be placed in a tumbler jar with 1 liter of distilled 
water, sealed and tumbled at room temperature for 60-65 minutes. The result- 
ing suspension ehail be filtered through a 7'+ wicron (Standard No. 200 sieve) 
into a beaker. Do not squeeze excess water from stock into beaker. 

>3 A 100-ml. aliquot of the above filtrate shall be transferred to a 
porespin casserole, neutralized and made acid with the addition of 1 to 
2 millilxters excess of 6N sulfuric acid. The solution shall be titrated 
with standard 0.1N potassium permanganate, by means of a burette divided 
into 0.02-ml. divisions, adding approximately 0.02 ml. at a time until a 
pink color persists for 60 seconds. This small amount is not sufficient 
to make t, full drop and shall be collected on a glass «tirring rod and then 
added to the solution. Calculate oxygen number to the number of grams of 
oxygen per 100,000 grams of the sample as follows: The number of milliliters 
at 0.1N K MnOij determined shall be multiplied by a constant (80). The 
product from the multiplication shall be considered "the initial oxygen 
number of the feather material" ana in, calculation of results is indicated 
as "A". 

5.3.I Blank determination distilled water. A blank determination shall be 
made on distilled water to determine the oxygen number of the water. This 
shall be done by following the exact procedure stated above excluding the 
feather material. The value determined shall be considered "the blank deter- 
mination of the distilled water" ana in the calculations of results is 
indicated as "B". 

6. CALCULATION OP RESULTS 

6.1 The true oxygen number of the feather material shall be calculated 
from the follwoing formula: 

True oxygen number of feather material «A-B 
Where: 

Aainitlal oxygen number of the. feather material 
BsBlank determination of the distilled water 

7. REPORT 

7-1 The tr'j* oxygen number of the sample unit shall be the average of the true 
values obtai/ed from the specimens tested and shall be reported to the nearest 
whole number. 
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Appendix 

DETERMINATION OF OXYGEN NUMBER COLORIMETER METHOD 

1. SCOPE 

1.1 This method is intended for determining the oxygen number of filling 
materials. In the interest of standardization of tasting requirements, 
it is recommended that this method not be used in procurement documents. 

2. TEST SPECIMEN 

2.1 The cpecimen shall boneist of 10.0 + 0.1 grams of material prepared ae 
specified in 5«1« 

3. NUMBER OP DETERMINATIONS 

3.1 unless otherwise specified in the material specification, two upecimens 
shall be tented from each sample unit, 

4. APPARATUS AND REAGENTS AND METHODS CITED 

4.1 Apparatus 

4.1.1 Tumble jar. The tumble Jar shall be as specified in method 55OO 
of Federal Specification CCC-T-191 except that the speed of the har shall 
be adjusted to 88 + 3 revolutions per minute. An equivalent agitating device 
may be used, but care should be exercised in its selection as the agitation 
of the material influences the results of the test. 

4.1.2 420 micron (Standard No. 40) sieve. 

4.1.3 Analytical balance 

4.1.4 Micro-burettes (2). 

4.1.5 Colorimeter. Photovolt Colorimeter Model 401-T with filter #530 or 
equivalent. 

4.1.6 Recorder. Varian Model G11A Strip Chart Recorder set to 25 mv span 
with chart speed of 2 inches per minute and chart paper type 5A or equivalent. 

4.1.7 Stopwatch or suitable äquivalent 

4.1.8 Beaker. 2,000 ml. 

4.1.9 Graduates. 1,000 ml., 100 ml. 
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it.?    Reagent3 

h.Q.l    P3stilled water 

k.2.2    6N sulfuric acid 

k.2.3   0.1N potassium permanganate 

5. PROCEDURE 

5.1 Preparation of specimen. Approximately 28 grains of the material shall 
be exposed in the unpacked state in a container with a solid bottom and 
screened aides and top until in standard condition. The test specimen consisting 
of 10.0 + 0.1 grams shall be taken .from the conditioned material. 

5.2 The specimen shall be placed in a tumble Jar with one liter of distilled 
water and tumbled at room temperature for 15 minutes. The resulting suspension 
shall be filtered through a 420 micron (Standard No. kO)  sieve into a 2,000-ml. 
beaker. The stock will be captured by the screen sieve and the wash liquor wi1"1 

pass through into the beaker. Do not squeeze excess water from stock into bee 

5.3 Remove a 200-ml. aliquot of the filtrate from the 2,000-ml. beaker and pi 
a colorimeter cell. Add 2 ml. of 6N sulfuric acid. (Rote: If colorimeter anu 
recorder used are of the type that .requires a warm up period, the apparatus shall 
be started and allowed to operate f,or a period of 5 minutes before use). Turn on 
stirrer on colorimeter and switch recorder chart switch from stand-by to low. 

5.k   Adjust colorimeter by fins and coarse adjusting controls until the meter 
reading on the colorimeter is 90 on the percent transmission scale. Indicator 
pen on the recorder must agree with, percent transmission meter reading. If 
transmission reading and recording line reading are not the same, adjust recorder 
until recorder is intelance with transmission A*ading on colorimeter. 

5.5 If wash liquor being tested is. too turbid to adjust colorimeter to 90 percent 
transmission, choose a lower percent transmission to which the colorimeter will 
adjust. Again, colorimeter and recorder must agree. 

5-6 When recorder and colorimeter are in adjustment, by means oi4 a 5-ml. 
burette divided into 0.02-ml. divisions, add 3 drops of 0.1 R potaastum 
permanganate per minute (utilizing a stopwatch) until the recorder chart paper 
shows a deviation of not less than 2 lines (numbers) below the original setting, 
i.e., if original setting was 90, a reading of not more than 88 must be recording 
at the end of a minute interval before test is stopped. ü1*» number of millilitera 
of potassium permanganate used to indicate a deviation of not nore than two lines 
or numbers within the specified setting shall be multiplied b> a constant (kO) 
to determine the oxygen number of the feather material. The resulting product 
shall be considered "the initial oxygen number of the feather material" and in 
calculation of results is indicated as "A". The milliliters of 0.1N potassium 
permanganate used is equal to original reading of 5-Bü..  burette containing the n.l 
potassium permanganate minus the final reading. 
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5.7 Blank Determination Distilled Water 

A blank de termination t>hal! be made on the distilled water. This shall be 
determined as specified in 5»6, excluding the feather material and agitating 
period. The value determined shall be considered "the blank determination 
of the distilled water" and in calculation of results is indicated as "B". 

6. CALCULATION OF RESULTS 

6.1 The true oxygen number of the feather material shall be calculated from 
the following formula: 

True oxygen number of feather materiaLsA-B 
Where: A=Initial oxygen number of the feather material 

BaBlank determination of the distilled water 

7. REPORT 

7.1 The true oxygen number of the sample unit shall be the average of the 
true values obtained from the specimens tested and shall be reported to the 
nearest whole number. 

FED* STD, MO. IkQa. 
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IS  ABSTRACT 

The correlation between two methods of determining the cleanliness of 
feather filling materials has been determined. Both methods determine the 
"oxygen number" by titrating a water extract of the filling matetials with a 
dilute potas3imr permanganate solution. The methods differ in the manner of 
preparing the water extract, and determine ^on of the end point. In one method 
used by the Federal Government, the endpoint is determined visually. In the 
other method, used by the Laboratory of the Bureau of Furniture and Bedding 
Inspection, State of California, the endpoint is determined by a colorimeter. 
It was found tout the two methods have a high degree of correlation, with a 
correlation coefficient of O.982. The following regression equation shows the 
relationship between the two procedures where Q is the theoretical oxygen 
number according to the Government method and C is the actual oxygen number 
determined by the California method: 

Q - O.905C + 1.72 

All of the actual values of Q were within two standard errors of the estimated 
theoretical values calculated by this equation. 
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