Revision of the Scheme for Extraction and
Classification of Dyes from
Polyacrylonitrile Fibres

J.M. Home (Miss) and R.J. Dudley

Home Office Central Research Establishment
Aldermasten

Nr Reading

Berkshire

RG7 4PN

The simple sequential scheme for the extraction and classi-
fication of dyes from 1—2-cm lengths of polyacrylonitrile
fibres reported by Beattie et al.,J.S8.D.C., 95 (1978) 295,
is revised to avoid misclassification of some basic dyes.

INTRODUCTION

Sequential extraction and classification procedures for the
dyes on single nylon, polyacrylonitrile and polyester fibres
have been reported by Beattie et a/. [1]. Problems, however,
have since been encountered in the classification of some
basic dyes from polyacrylonitrile fibres, particularly blue
ones.

The reported scheme for dyes from polyacrylonitrile
fibres involved the extraction of all dyes with agueous
pyridine. This extraction was then followed by elution tests
on thin layer plates, firstly with methyl acetate {sharp line
at solvent front produced by disperse dyes) and secondly
with methanol (sharp line at solvent front produced by acid
dyes, if no or little movement then basic dye), to determine
the application class of the dyes present. Unfortunately, it
has been found that a number of blue basic dyes change colour
on extraction with aqueous pyridine, usually yielding a pink
solution. These solutions, when spotted onto a thin layer

plate and eluted with methyl acetate, give a sharp {ine at the
solvent front indicating a disperse dye. Other dyes have been
encountered where the colour change is not so complete and
only part of the extract classifies as disperse, while the rest
remains at the origin and classifies correctly.

Some of the blue basic dyes whose structures have been
revealed (e.g. C.l. Basic Blue 41 [C.I. 11154] and C.1. Basic
Blue 54 [C.l. 11052]} contain a guaternary nitrogen atom
linked to an alkyl group. It may be that de-alkylation can
occur on extraction with pyridine, which has a highly basic
nature. if this does in fact occur, it would certainly cause
the observed hypsochromic shift in the colour of the extract.

This note is concerned with a revision of the extraction
scheme to prevent misclassification of the basic dyes.

EXPERIMENTAL

Dye Samples

Dyed fibres were taken from pattern cards and pieces of
dyed material supplied by the dye manufacturers. The in-
formation given with each sample regarding the dye present
was assumed to be correct.

Far an initial survey, eight blue basic dyes on polyacrylo-
nitrile fibres were examined {Table 1). To test the revised
extraction and classification scheme a further 15 basic dyes
were examined, along with 23 disperse and eight acid dyes.

Dye Extraction
The method and assessment of dye extraction used was
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TABLE 1

Polyacrylonitrile Samples Dyed with Blue Basic Dyes

Code Commercial Name C.l. Generic Manu-
Name facturer

A Synacril Blue R C.l. Basic Blue 22 ICI

B Sandocry! Blue B—3G C.l.BasicBlue3 S

C Yoracryl Blue 3RL C.l. Basic Blue 21 YCL

D Maxilon Blue 3RL C.l. Basic Blue 80 CGY

E Synacril Blue G C.l. Basic Blue 41 ICi

F Yoracryl Blue BL C.l. Basic Blue 54 YCL

G Maxilon Blue RBL C.l. Basic Blue 57 CGY

H Yoracry! Brilliant Blue R C.l. Basic Blue 77 YCL

that described by Beattie et a/. [1]. The extraction solvents
assessed are given in Table 2, and were chosen on the basis
of past experience,

RESULTS AND DISCUSSION

Dye Extraction
The degree of extraction of each of the eight blue basic dyes
using the four solvents is shown in Table 3.

As expected, good extraction is obtained for all of the
solvents. A number of dyes changed colour on extraction
with each of the solvents, but only solvent IV (aqueous
pyridine) produced permanent colour changes when the
extracts were spotted onto thin layer plates.

TABLE 2

Extracting Solvents Used

Number Components Composition {vol./vol.)
| Formic acid—Water 1:1

1 Formamide

11 Formic Acid

v Pyridine—Water 4:3

TABLE 3

Assessment of Extract of Blue Basic Dyes from Polyacrylo-
nitrile Fibres

Dye Solvent
|

v

5
5t
5
5
5t
5t
5t
5t

*
E 3

*®
*

*

E3
*

IOTMQOoOwWI

(53 S I W I T

AU CUC &SSO S

(S S W I I G )
*

*Dyes changed colour on extraction, but colour regained when spotted
on thin layer plate
tPermanent colour change on extraction

Dye Classification

When the blue dye extracts were spotted onto thin layer

plates and eluted with methyl acetate followed by methanol,

as described previously, correct classifications were obtained

for all dye extracts in solvents |, 1l and |11, but not for IV,
Dye samples E, F and G, which turned pink when extracted

with solvent |V, yielded sharp lines when eluted with methyl
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acetate and thus were misclassified as disperse dyes. Similarly
dyes B and H, which turned reddish-blue in solvent |V, when
eluted with methy! acetate produced a sharp pink line at the
solvent front. Dyes B and H also yielded a blue spot which
remained at the origin even when eluted with methano! and
were therefore classified as basic.

Thus, three of the blue basic dyes in Table 1 were com-
pletely misclassified as disperse dyes when extracted with
aqueous pyridine, while two of them appeared to be mixtures
of disperse and basic dyes. Only three dyes were correctly
classified.

Revised Extraction Scheme
From the results in this study it was decided to replace
aqueous pyridine, as the extracting solvent for dyes from
polyacrylonitrile, with formic acid—water {(1:1). The choice
of this solvent in preference to the other two investigated
was due mainly to its property in producing more compact
spots on thin layer plates. The new extraction and classifica-
tion scheme is shown in Figure 1.

To test the scheme, a further 15 basic dyes were examined,
along with 23 disperse and eight acid dyes on polyacrylo-
nitrile fibres. All the basic and disperse dyes were efficiently
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Figure 1—The revised extraction and classification of aves
from polyacrylonitrile fibres

extracted and correctly classified. However, some of the
acid dyes were not fully extracted, but this was not felt to
be a problem since acid dyes are not very common on this
fibre type. If a dye was encountered which did not extract
very well with agueous formic acid, then agueous pyridine
could be used following the original scheme and the class
verified by solvent elution.

Thin Layer Chromatography

Beattie et a/, [2] have investigated thin layer chromatographic
eluting systems for use with acid, basic and disperse dyes.
When these recommended systems were examined after dye
extraction with aqueous formic acid, good results (i.e. well-
defined spots and a wide range of Ry values} were obtained
for dyes from each of the three application classes.



CONCLUSIONS
From the results obtained during this study, it is concluded
that the extracting solvent for dyes from polyacrylonitrile
fibres should be changed from pyridine—water {(4:3) to
formic acid—water {1:1). This new solvent will yield efficient
extraction of the basic and disperse dyes, the most likely
classes to be present. On the odd occasion when good extrac-
tion is not obtained aqgueous pyridine may be used.

The change to a new solvent means more accurate classi-
fications using solvent elution on thin layer plates and has no

detrimental effect on dye separation by thin layer chromato-
graphy,
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