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Synopsis 
The relative Viscosity and amino and carboxyl endgroup contents for unset, dry-heat- 

set, and steam-set nylon 6 fiber were determined. The results for the heat-set fibers 
are almost the same as those for the unset fibers. Therefore, it is difficult to explain the 
increase of dye uptake in steam setting on the basis of hydrolysis of nylon molecules. 
The differences in amino endgroup contents as determined by the ptoluenesulfonic acid 
snd 2,4dinitrofluorobenzene methods indicate that 20-30% of the amino groups might 
be occluded in the crystalline regions after steam setting. 

1. INTRODUCTION 
Ueda and Kimura' have reported on the basis of measurement of vis- 

cosity that the oxidative degradation of nylon begins a t  about 130-140°C. 
in dry heat setting. 

Weltzien2 reported that carboxyl endgroup contents and viscosity changes 
slightly with dry heat setting, and amino endgroup content, which does 
not change with steam setting, decreases markedly with the rise of tem- 
perature above 180°C. and consequently the absorption of acid dye on the 
fiber decreases. From these results, it was supposed that the decrease of 
amino endgroups is caused by the adhesion of oiling agent on the fiber. 

I n  the present study, in which dry heat setting of nylon 6 fiber was 
carried out at less than 190°C.. in nitrogen atmosphere or liquid paraffin 
in a manner similar to that of the previous r e p ~ r t , ~  degradation with ox- 
idation did not occur. The amino endgroups were measured by the 
ptoluenesulfonic acid method (PTS method) and further by the 2,4- 
dinitrofluorobenzene method (DNFB method). The latter was described 
by S ~ n g e r , ~  Zahn,' and Yoshida; and provides an accurate method of 
measurement of amino endgroups available for dyeing. 

2. EXPERIMENTAL 
Materials 

Drawn nylon 6 fibers (100 den./% fil.) were subjected to heat setting 

* This material appeared in part in Kobumhi Kuguku, 16,321 (1959). 

under the Same conditions as described in the first r e ~ o r t . ~  
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Measurement of Viscosity 
A l-g. portion of sample was dissolved in 100 nil. of concentrated HzS04 

(purity 95%) and relative viscosity was measured with an Ubbelohde 
viscometer at 30 f 0.2 "C. 

Measurement of Amino Endgroups 

PTS Method. Nylon 6 fiber (0.5 g.) was dissolved in 25 ml. of m-cresol 
and titrated with 0.1N p-toluenemlfonic acid, Thymol Blue being used as 
indicator. 

DNFB Method. To ethyl alcohol (25 ml.) containing 250 mg. 2,4- 
dinitrofluorobenzene, 20 ml. water containing 200 mg. sodium bicarbonate 
was added and stirred. Nylon 6 fiber (500 mg.) was immersed in this 
solution for 6 hr. at 60°C. After removal from this solution the fiber 
sample was allowed to stand overnight, then washed with aqueous acetic 
acid of pH 4-5 and successively with ethyl alcohol till all unreacted DNFB 
was removed completely, and dried. A 100 mg. portion of the sample 
was then dissolved in 100 ml. of o-chlorophenol, and subjected to colori- 
metric analysis. The amount of amino endgroups on the fiber was cal- 
culated by reference to a calibration curve of the optical density of an o- 
chlorophenol solution containing the aminocapronic acid reacted with 
DNFB versus the concentration. 

The reaction involved is: 

HOOC - NH- - + NaF + CO, + H20 

N% 

Measurement of Carboxyl Endgroups 
In deterrninjng carboxyl endgroup contents, 20 ml. of benzyl alcohol 

containing 0.5 g. sample waa titrated under nitrogen atmosphere with 
0.1N KOH dissolved in a mixed solution of benzyl alcohol-methanol(9 : 1) 
The titration was carried out at the temperature of boiling point of xylene 
in an apparatua as shown in Figure 1. 

3. RESULTS AND DISCUSSION 
The results are shown in Tables I and 11. The drawn fiber has a slightly 

lower degree of polymerization than the undrawn one. The former has 
high amino and carboxyl endgroup contents. 

The results confirm that the viscosity, the amino endgroup contents 
determined by PTS method, and the carboxyl endgroup content of the 
undrawn and the drawn fibers subjected to heat setting under various 
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TABLE I 
Change of Amino and Carboxy Endgroup Contents by Heat Setting 

Conditions of heat setting 

Sample 

Undrawn 
Drawn 
Undrawn 

Drawn 

Drawn 

Undrawn 

Drawn 

Drawn 

Tension, Temperature, 
Type g./den. "C. 'Ire1 

- 2.561 None - 
- 2.437 None - 

Steam None 110 2.556 
120 2.577 
130 2.567 
135 2.563 

Steam None 110 2.417 
120 2.457 
130 - 
140 2.433 

Steam 0.5 110 2.447 
120 2.406 
130 2.436 
140 2.464 

Dry heat None 140 2.574 
160 2.579 

Dry heat None 140 2.420 
160 2.415 

Dry heat 0.5 140 2.429 
160 2.434 

Amino 
end- 

UOUPb 
meq./g. 

0.0599 
0.0644 
0.0587 
0.0576 
0.0582 
0.0588 
0.0632 
0.0630 
0.0611 
0.0625 
0.0643 
0.0657 
0.0636 
0.0612 
0.0575 
0.0577 
0.0671 
0.0688 
0.0674 
0.0671 

Carboxyl 
end- 

group% 
meq./g. 

0.0594 
0.0710 
0.0579 
0.0571 
0.0620 
0.0617 
0.0737 
0.0724 
0.0773 
0.0676 
0.0614 
0.0640 
0.0631 
0.0591 
0.0599 
0.0635 
0.0603 
0.0620 
0.0657 
0.0646 

TABLE I1 
Change of Amino Endgroup Contents on Heat Setting (DNFB Method) 

Amino 
setting endgroup 

temperature, content, 
Sample "C. meq./g. 

Undrawn, m e t  - 0.0444 
Drawn, unset - 0.0500 
Steam-eet 110 0.0470 

120 0.0494 
130 0.0494 
140 0.0484 

Dry-heahet 140 0.0454 
160 0.0480 

" 

" 

t c  

( I  

conditions are almost the same as those of unset fiber within the experi- 
mental error. However, the amino endgroup content determined by the 
DNFB method of the heat-set fiber was slightly lower than that of the 
unset fiber, as shown in Table 11. This shows a similar trend as the equi- 
librium dye uptake of Azo Geranine 2G described in the previous report.' 
This appears to be due to occlusion of the amino endgroups in crystals 
because of the increase of the crystallinity with heat setting; consequently 
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Fig. 1. Apparatus for measuring carboxyl endgroups. 

the amino groups are inaccesible to the dye molecules or 2,4dinitro- 
fluorobenzene and the reaction proceeds with difficulty. 

Thus, the DNFB method gives considerably lower values for amino 
endgroup contents than the PTS method. The results of neither the 
PTS method or the DNFB method agreed with the report by Zahn.6 

From the above results, the decrease of amino endgroups by heat set- 
ting, and the equivalent relation of amino endgroups in nylon fiber with 
HC1, as reported by Wall and Beresniewics,* it is obvious that the DNFB 
method does not give the total amino endgroup content of the fiber, so that 
20-30 wt.-% might possibly be occluded in the crystalline regions. 

Therefore, from the results of viscosity, and amino and carboxyl endgroup 
contents, it is diacult to explain the increase of dye uptake in steam setting 
from the view points of hydrolysis of the nylon molecules as described in 
the previous paper.? 
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RhWU6 
La viscositd relative et la teneur en groupementa terminaux amin6 et csrboxyle ont 

6t6 mesur6es pour la fibre de nylon 6, non-chaufftk, chauff6e en atmoaphbre sbche ou 
traitde B la vapeur. Lea r6sultata obtenus pour lea fibres soumisea B la chaleur sont B 
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p ine  ditl6rents de ceux obtenua pour lea fibres non chauffbs. Aueai il eat f i c i l e  
d’expliquer l’augmentation de tinctabilitk par le traitement B la vapeur du point de vue 
de l’hydrolyse dea mol6culea de nylon. En conaideant lea differences entre la methode 
B l’acide p tolube d o n i q u e  et au 2’4 dinitro-fluorobenzkne la teneur en groupement 
amid, terminal 2040% de ceux-cipeuvent &re occlua dans la partie crystalline. 

Znsammenfassung 
Die relative Viskoaitiit und der Gehalt an Amino- und Carboxylendgruppen wird bei 

nicht erhitzten, trockenerhitzten und mit Dampf behandelten Nylon-6-Fasern gemea- 
aen. Die Ergebnisse bei den hitzebehandelten Fasern unteracheiden eich h u m  von 
denen der ohne Hitze behandelten. Daher iat ea schwierig, die Zunahme an Farbstof- 
faufnahme bei Dampfbehandlung vom Geaichtapunkt der Hydrolyee der Nvlon- 
molekiile aus zu erkliiren. In Anbetracht der Unterachiede zwischen den Ergebnissen 
der pToluolsulfosiiure- und der 2,4Dinitrofluorobenzol-Methode kann ein Aminoend- 
gruppenhalt von 20-30% im kriatallinen Anteil eingeachloaaen sein. 

Received April 23, 1963 
Revised September 27, 1963 


