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Determination of yellowing material in textiles by HPLC and GC/MS

. *
Kazumi SAsAKI

*Ministry of International Trade and Industry, National Institute of Technology and
Evaluation, 2-49-10, Nishihara, Shibuya-ku, Tokyo 151

(Received 29 July 1996, Accepted 17 September 1996)

The reason for the yellowing of packed textiles under long-term storage is the formation
of derivatives of an antioxidant (BHT) oxidized by nitrogen oxides (NO,) in the air.
The method used to analyze a yellowing material by HPLC and GC/MS was proposed
for studying this mechanism. Yellowed textiles were analyzed by HPLC with the basic
moving phase and GC/MS with a capillary column to detect yellowing substances.
Although three yellowing substances were detected, 3,3’,5,5’~tetra-t-butyl-4,4’-stilbene-
quinone (TBSQ), which is the derivative of BHT oxidized by NO,, was not detected.
An unknown yellowing substance was detected in nylon textile. New mechanisms of yel-
lowing should be investigated. The proposed method is suitable for studies of divers yel-

lowed textile.

Keywords : fabrics yellowing; 2,6-di-¢-butyl-4-methylphenol; HPLC; GC/MS.
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Fig. 1 Structures of yellowing materials

(A): 2,6-di-t-butyl-4-methylphenol (BHT), C15H210
=920.35; (B): 2,6-di-t-butyl-4-nitrophenol (DBNP),
Ci14H,03sN=251.33; (C): 3,3°,5,5-tetra-t-butyl-di-
phenoquinone (TBPQ), CogH4002=408.62; (D): 3,3,
5,5'-tetra-¢-butyl-4,4’-stilbenquinone  (TBSQ),. Cso-
H4202=434.66
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Fig. 2 HPLC chromatogram of yellowing mate-

rials

Peaks: 1, DBNP; 2, TBSQ; 3, TBPQ

Fig. 3 GC/MS chromatogram of BHT and yellow-
ing materials

Peaks: 1, BHT; 2, DBNP; 3, TBPQ; 4, TBSQ

Table 1 Experimental conditions of HPLC
205 236
100, (A) 00, (B
HPLC pump Jasco 880-PU 2 pump gradient ! (B)
Degasser Jasco 880-50 © ©
Column oven Jasco 865-CO ° 220 951
Injector Rheodyne 7125 0l , | 0ler A
Detector Jasco MULT-340 Multi Channel 100 200 300 100 200 300
Detecter m/z m/z 434
Column GL Sciences Inertsii ODS-2 5pm 100 (C) 410 100: (D) [ ]
250 mm length X 4.6 mm i.d. }
Mobile phase (A) CHsOH/0.01 M Na,HPO,(pH X J
9)=50/50 1 |
—_ } L L | 0! -
(B) CH;OH=100 0%150 200 300 400 500 = 100 200 300 400 500

Gradient program

Flow rate 1.0 ml/min
Column Temp. 35°C
Detection absorption, 250~600 nm

Injection volume

20 w

(A)~(B) 30 min

m/z m/z

Fig. 4 Mass spectrum of BHT and vyellowing
materials

(A): BHT; (B): DBNP; (C): TBPQ; (D): TBSQ

Table 2 Experimental conditions of GC/MS

Gas chromatograph
Column

Carrier gas

Oven temp.

Injection mode
Injection volume
Injector temp.

Injector pressure

Mass spectrometer
Ionization mode
Electron accelerating voltage
Ion accelerating voltage
Ion source temp.

Mass range

Scan rate

Varian 3400

J & W DB-5, 30 m lengthX0.25 mm i.d. 0.25 pum thickness
He

50°C~10°C/min~300°C
splitless (purge off time: 1 min)
1wl

250°C

15 psi (1 psi=6.9 kPa)

Finnigan MAT MAT90
electron ionization (EI)

0V

5000 V

200°C

m/ z 50~ 800

1.5 scan/s
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EHED /O M T LRRU. Fig 4 1K 4 BOE

W DER AN P VAR Extract vith methanol (200 ml)

for 1 h under reflux
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5 ) —=NVERAVWAIEE UK. Fig. 5 IKHHTTEZRL
fo. BTSSR S5O BHT RUOEZRYEOHMEBI

Filter (PTFE 25 mm & 0.45 um)

H P L C analysis
GC/MS analysis

Fig. 5 Sample preparation scheme for yellowing-

materials
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=
Mot NY¥YIC BHT 281, MB2BL <
<, 2% owf (owf=on the weight of fiber) KB EH 1T 2
HERTE 2 ERLL 72, BT 2 BRI T 2 R
%5 BRBICTED 5 h i REEB IS T NO, & IR |
&, AROBIEE s ERVELT >t TOBR B ' 5r e w88
B sEE L. Time/min
HEUESAE, Fig. 5 DEBU XY/ —VTRH Fig. 6 GC/MS chromatogram of derivative BHT
WU, HiEREO -5 ) - ANARL -5 —2HOTR oxidized by NO, gas
WU TRBIAKE U, BBRAKZ GC/MS I THIE Peaks: 1, BHT; 2, TBSQ
Table 3 Yellowing textile sample analysis of HPLC and GC/MS
Simplc Composition BHT DBNP TBPQ TBSQ  Unknown
Bed cover Cotton 100% O O O ND
Skirt Cotton 100% O O O ND
Coverlet Cotton 100% O O O ND
Coverlet Cotton 100% O @ O ND
Bedclothes Cotton 100% O O ND
Jumper Cotton 100% O ND
Summer sweater ~ Cotton 100% O - ND
Camisole Silk, Nylon, Viscose O ND O
Brassiere Nylon 100% O ND O
Shirt Viscose 65%, Nylon 35% O ND O

(O: detected; ND: not detected
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Fig. 7 HPLC chromatogram of yellowing mate-
rials in textile

(A): sample No. 1 bed cover; Peaks: 1, DBNP; 2,
TBPQ; (B): sample No. 9 brassiere; Peaks: 1,
DBNP; 2, unknown yellowing material
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Fig. 8 GC/MS chromatogram of yellowing mate-
rials in textile ‘

Sample: No. 1 bed cover; Peaks: 1, BHT; 2,
DBNP; 3, TBPQ
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Fig. 9 UV-VIS spectrum of unknown yellowing
material

THEEWEZHMHH U, Table 1 ® HPLC HlEL4 X
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