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Analysis of the Compounds of Unpleasant Odor from the Cotton Fabrics
through Different Washing Conditions
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ABSTRACT

The purposc of this research was to analysis compounds of unpleasant odor from the cotton fabrics in
dchydration and drying process during washing. The cotton fabrics were treated with various commercial detergents
and fabric softener or cationic surfactants such as Cetylirimethylammonium bromide(CTAB) and Benzalkonium
chioride(BC), then dehydrated and dried. The compounds of odor impregnated in fabric were detected by using

GC-MS. The results are as follows:

The fabrics treated with a powder-type detergent, CTAB and BC gave out compounds wnpleasant odor.
n-Butyraldchyde and isobutyaldehyde produced during microorganism growth were revealed as source of the
compounds of the unpleasant odor. However, no aldehydes were detected from the fabrics treated with commercial

fabric softener which seems to act as a deodorizer.

Key words: microorganism( [ 4 &), odor(9}¥), dehydration( &), detergent( ), surfactant( A} T 84 ).
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1. Al £

A8 9 terrycloth 2} interlock knitS AF&&}9ich
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2. Al 3 717]

HAY

FAAZ ol2A AVYYAQ cetyltrimethy-
lammonium bromide(¢} 5} CTAB, Lancastcr Co.), ben-
zalconium chloride(e] €} BC, Sigma Co.)E AM8-8}1%]
ok

{Table 1> Characteristics of samples

Fiber Yam | Thickness | Bulkness*
Structure 3

content | count {mm) {em’/.g)

Cotton

il A 3
Loop pile L00% 3091 29 5.8
Interlock | Cotton M
knit 100% 40's/1 0= s

Thickness(cm)
Areal weight(g/cm®)

* . Bulkness(cm®/g) =

1) Ml —08, “RROBRENQORFMN RIMT & ARIE", #4845 T8 vol. 67(7) (1993), pp. 277-286.

2) BEA, BMEX REWRNT T2270 5 Y v, SR vol. 30(7) (1988), pp. 12-15.

1) FREX, RN TN R OIS X IE(F) . dEHH vol. 33(6) (1991), pp.15-19.

4) etk Y FF, FHRET, R BEERRIC T ARTOBRIC DT, KEBHEE vol. 26(1) (1975), pp.46-49.
5) AL, oA, Yk bR ST D VRG] P WA A Uele) ARLY, DFIFIYA, A

187 45(1994), pp.549-559.

6) P EFI, MR, "HOWRRE", RESA vol 3%(9) (1981), ppal-47.
7) WAST, "HOREEEIZOVT", BEEEIE vol. 41(6) (1985), pp.54-60.
8) etk y 7 F, FRRAL "HOKSE - TLHEOEBRE~ O, REHHIE vol. 27(2) (1976), pp.33-37.
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2y 71 7|
@ Wringer(Asia Testing Machines 2433}
@ 713E A7|AG7(F AL WF-16208H)
@ GCMS(Gas Chromatography-Mass Spectrometry)
- A& %7 2):Sample concentration AeroTrap
DS-3000(Ol Analytical)
—GC(Hewlett-Packard, HP 5890 series 1)
- MSD{Hewlett-Packard, HP 5971 series)
~Data System(Hewlett-Packard, HP 59944C MS
ChemSystem)

3. MjEione] Fu|o} NItz
AEA AHSHE A9 S4o] B terrycoth S Al
SoZ 4, AZW Fo WAl v AE 9 u
71 S0 AFG @ kA9 HAFH A EEE Table 2)
s 2
aulR el N AR FE FIAA
S ARHAA $& ZAe] o) F A% WEEt
£99 BAAS BFAE EPE FoilFug o
ARRAA ME, SFHIAZE PAEE AL a5

LR LR 8

AG6 1)l EEAHG TR AP 2 ¥
CTABg} BCE Al@ Af-FdAd E¥d o} 2=
ol 2A AWEZAA HB%WE IR I 8%
AgeAg e F AR ARFAAS BB TR
% F4E $EE AT

HBZZL (Table 3)3 2k FEAA44 Bt
QA GAA M 7138 B71ME71Y BT L2
4G 2oz 5§ AESL S8 ¥ ¥ 2%
BEd 58 grE 28 AU YRRAN P Y2

EF 39
o oo M

{Table 3> Laundry conditions

Agent code Pre-treaiment
B I15min washing — 5min centrifuge
: — 2min rinsing — Smin centrifuge
Powder — 2min rinsing — Smin centrifuge
M 15min washing — 5min centrifuge

— 2min nnsing — Smin centrifuge

Liquid detergent — Zmin rinsing — Smin centrifuge
p o . .
- 3min rinsing—5min centrifuge

o g ol A ARFAA F 430l Q= CTAB o
- 3min rinsing—3Smin centrifuge
CTAB(cetyltrimethylammonium  bromide)9} BC(ben- ~ Cationic detergent
i ide) S ALR 3 Boa}g)a
calkonium chloride) 21§ st 20 AA Bt B |3min rising—Smin cenifuge
ARTZHH M, YF793 P AQ7)Y Haq  Colionic detergent
{Table 2> Characteristics of the treatment agent
Classification Sample code Component Concentration (%)
~Fatty alcohol series, AO{non-ionic)
Powder detergent B —~LAS, Fatty acid(anionic) series 0.07*
- Enzyme
— Fatty acid(anionic) series
Liquid detergent M ~Fatty alcohol(non-ionic) series 0.1*
— Antibacterial agent
Fabric softener P —Cationic surfactant 0.07*
CTAB — Cetylrimethylammonium bromide 0.07
Cationic surfactant
BC — Benzalkonium chloride 007

= Amount specified by the respective companies.

9} P. F. D. Arcy, et al., "Queternary Ammonium Compounds in Medical Chemistry”, J. Pharm. Pharmacol

14(1962), pp.193-195.

10) FHEFT A A REIEER o~ F 7y 2(TREEFRAE, 1992).
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{Table 4> Drying rate(half-drying time) of cotion fabrics treated with detergents and fabric solieners

HAEHAT

A D Gl 2A ANBHA AEUE & NEE YT
st AZAIY F GOMSZ WAY AL S35
ok ¥ 400 AR AR %2 15go g, 7)A
o x3]& A& S8 2A 2 ALasd
GC- MS(Gas Chromatography- Mass Spectrometry)i=
Al & &3] (Sample Concentrator, Aero Trap DS-
500008 7h2ARREIHL/AFEA 0] A
o AH3Hgth Hewlett-Packard 5971A MSDE 109)
A 650amu(H ™ 1500amu)e) RAEXS Z g 1500amu
N 538 ¢ A& A5E 7HN0] Data Library
Search= 130,000702] AAg AHEHO2RE 7
I fAbet A% AHEYS A= P2E HF0l ¥
AR H 10717 FRE ANE £ A A
S et 244 232 Aujy gaeid
HP-PONA  (S0mx02mmx0.5m)E AbS-a1 1,
carrier gas® He (0.7ml/min, 15kgfom’)S A3+
. X2 30 C(15min) — 3C/min — 150C
(Omin) — 10°C/min — 200°C(5min)®) i t}.

Q.

o rlo

m Za % o

DRSE B4

1. g9 HAX § HXZ 9 X

A 2RFFAANB) AARYAAM), 5
APy T3 FRA S FE gol A ARYA
#) CTABS} BCZ H2|3t ¥ 687+ ddgrsty 2
ZA708 &L Fig. H~Fig. H) JeERRA T,
AZLE(MZ A7) (Table 4)0ll EAIE YL} (Ta-
bie 4>l 2J3PH & interlock knitz= ™ erryclothol] Y] 5]

{(unit: hr)

Afler treaiment
Sample Before
code* treatment B M P CTAB BC
powder detergent | liquid detergent | fabric sofiener | cationic surfactant | cationic surfactant
P2 30 20 22 26 32 20
TP4 5.5 4.0 55 54 5.0 40
174 1.0 1.2 1.0 1.7 1.0 18
IP4 1.5 I8 1.5 1.7 27 23
* T : Terrycloth
I Interlock knit

P : Fabric is hung by a side(Parallel)
R : Fabric is held on drying pole(Round)
Nutmber(2,4) : Layers of fabric
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CFig. 1> Water retention(%) of cotton fabrics treated
with powder detergent and dehydrated by
centrifuge(6min) ducing drying,
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<Fig. 2> Water retention(%) of cotion fabrics treated
with tiquid type detergent and dehydrated by
centrifuge(6min) during drying.
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{Fig. 3> Water retention{%) of cotton fabrics trcated
with fabric softener and dehydrated by centri-
fuge(6min) during drying.
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<Fig. 4> Waler retention{%) of cotton fabrics treated
with CTAB and dehydrated by centrifuge
(6min) during drying
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<Fig. 5 Water retention(%) of cotion fabrics treated
with BC(benzalconium chloride} and dehydra-
ted by centrifuge(6min) during drying
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CFig. 6> GC-MS Chromatogram of terrycloth{use) treated with powder detergent(B).
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<Fig. 7> GC-MS Chromalogram of terrycloth{use) treated with liquid detergent(M) containing antibacterial agent.

1) AR L, 354, "2IR§ A Y&724 R A9A7} o) E A A v G,

U 435(1999), pp.29-40.
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<Fig. 8> GC-MS Chromatogram of terrycloth(use) treated with fabric softener(P).
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<Fig. 9 GC-MS Chromatogram of terrycloth(use) treated with cationic detergent{(CTAB).
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<Fig. 13> GC-MS Chromatogram of temycloth(use) treated with cationic detergent(BC).
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1) MixE M2jof 22t Jg

T2 Bt JAFAAA Mo N7
AEE A2 F 39 48 S 84T 23} (Table
5o Mz mkgh 20 temrycloth ] AHS ool 27
10 aldehyde# 3t3HE0) AE ATk FLRYAIA
BE A2 2t HMsty 4 YME W 232

F9) 44 24 B EsaT

~4.79% W3l A A2 Ak AN PRAA MO 2
Hel@ 7% buyraldehyder} RT 4.7950) A2 54
o DAl o) S0 @2 PYME butanal, 2-methyl
butanal, pentanal, hexanal, n-heptanal 59| aldehyde
AGz goid deuz™ A xed A tery-
clothol Al U= 439 9L PlAEY tAE

22| A butyraldehyde7} retention lime(RT) 4.32~4.62  butyraldchyde$} isobutyraldehyde 4% w8 o2
2 mololN &5 YR, isobutyraldehydet= RT 4.02  Ayzpeo}.
(Table 5> GC-MS analysis of odor from the temrycloth treated with detergents
Detergent Termycloth Retention time(min) Compound Peak arca(%) Quality(%)
350 Dichloromethane 1221 96
462 Butyraldehyde 767 80
479 Isobutyraldehyde 131 7
5.57 Hexane 334 86
No-use 6.86 1,1,1-Trichloroethane 030 83
7.62 Benzene 1.21 90
11.72 I-Formylcyclopentene 826 86
17.07 Methylbenzene 10.00 91
2757 1,3-Dimethylbenzene 356 97
29.09 Syrene 1.35 9
B 330 2-Propenenitrile 12.07 78
powder 3.58 Dichloromethane 4.65 96
detergent 4.02 Isobutyraldehyde 127 90
4.65 Trimethylsolanot 2043 90
4.78 Butyraldehyde 176 9
562 Hexane 136 9l
Use 585 Acetic ackd 0.64 78
803 Bezene 0.83 90
12.56 1-Formylcyclopentene 12.33 86
18.05 Toluene 517 £l
26.03 Hexamethylcyclotrisiloxane 10.99 9
2735 Ethylbenzene 1.25 9
29.58 Styrene 1.34 91
330 2-Propenenitrile 0.65 90
479 Butyraldehyde 0.26 83
9.05 1-Butanol 9.96 M
M 12.54 l-Formyleyclopentene 058 86
liquid Non-use 2527 4-Ethyl-Cyclohexene 047 %
deiorgent 27.29 Ethylbenzene 220 94
29.83 Styrene 20.88 97
3241 Isopropylbenzene 232 91
3447 Propylbenzene 1.08 91
36.26 (1-Methylethyl-)benzene 1.46 97

562 -



AP As5E

2) RN R L0(2A) AREEH Majo| o
e 3

A P} gol2 Al ARBAYA] CTAB, BC
2 A RS A2 F @A BEE ¥4
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A AR Eol A Bl gart v 4 o)
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w7} - Ha) e 9]

332, mAE] Sl ARIERA YHERO
A =] QAkzt AGA] A A A GokA v WA
g 5tk £ 4389 24 AR dHHA4 Pe
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A4EES B sk, AREE temydohZ 4

{Table 6> GC-MS analysis of odor from the terrycloth ireated with fabric softener and cationic surfactants

Detergent Terrycloth | Retenlion time{min) Compound Peak area%) | Quality(%)
167 Ethanol 298 83
p 420 2-Propenenitrite 6.44 83
Eabric Nouse 447 Dichloromethane 212 9
6.50 | lexane 1.97 90
softener 13.37 (-Formylcyclopentene 16.67 86
29.63 Styrene 579 97
3.54 2-Propenenitrile 2.50 Py
379 Dichloromethane 220 97
501 Butyraldehyde 1.17 91
5.26 Pentane 1.67 91
cif:n?c Nom-use 693 Methylcyclopentane 0.74 91
detecpent 889 1-Butanol 3423 9
1273 1-Formylcyclopentene 3.66 86
18.12 Methylbenzene 236 M
27.28 Ethylbenzene 0.95 95
29.51 Styrene 21.62 97
3.61 2-Propenal 0.80 83
398 2-Propenentitrile 127 %0
BC 5.51 Butyraldehyde 0.34 86
cationic Non-use 6.35 2-Methyl-Butanal 0.44 91
detergent 9.12 Butanol 10.60 M4
13.18 1-Formyleyclopentene 7.46 86
29.67 Styrene 34.58 97

12) A. Caiileux, J. P. Bouchara, V. Daniel, D. Chabasse, and P. Alliain, "Gas Chromatography-Mass Spectrometry
Analysis of Volatile Orgaric Compounds Produced by Some Micromycetes”, Chromatographia, 34(11/12)

(1992), pp.614-615,

13) I E. Ezeonu, D. L. Price, R. B. Simmons, S. A. Crow and D. G. Aheam, "Fungal Preduction of Volitile during
Growth on Fiberglass®, Applied and Environmental Microbiology, vol. 60(11)} (1994), pp.4172-4173.
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