
CHAPTER IV

RESULTS ABB DISCUSSION

Preliminary Data of Fabric Used

In the study a scoured white cotton fabric weighing 

2.4? 02,/yd (84.8 gm/m ) with yarn count of 120 x 106 per

inch (48 x 42 per cm.) and thickness of 0.003 inch (0.012 cm)
/ ;

was used.

In the earlier work carried out in the clothing and 

textile department, with which the present author was also 

connected, the formaldehyde along with commonly used hydroxy 

compounds like, starch, carboxy-methyl cellulose (C.M.C.) 

were used to find out whether these hydroxy compounds can 

react with formaldehyde and give Improved properties. Nonifca 

Qii-) has reported that starch and carboxy methyl cellulose 

compounds lowered wrinkle recovery, although some loss in 

strength was observed. This was attributed to the increased 

stiffness due to the film forming nature of starch and carboxy 

methyl cellulose.

While in the other work conducted in the department and 

reported by Pandya (£'1) starch, polyethylene glycols and 

polyvinyl alcohol were used along with urea-formaldehyde resin. 

Starch and polyvinyl alcohol along with urea-formaldehyde cured 
at 140°C showed decreased wrinkle recovery similar to above



study (24). This was also attributed to the film forming 

nature of starch and polyvinyl alcohol compounds. Polyethy­

lene glycol with urearformaldehyde also did not show any 

improvement in wrinkle recovery. Since there were variations 

in the recovery and strength loss, no positive conclusions 

were reported.

M already mentioned, since the reaction of ethylene 

glycol type polyhydroxy compounds was not concluded due to 

variations observed under the normal conditions of curing. 

Experimental trials of a few of these samples were recured 

at higher temperature, there was no farther loss in strength 
but wrinkle recovery was improved. Hence it was therefore to 

see whether ethylene, glycol compounds are sensitive to, these 
temperature - Since normally 160°C also used for curing some 

of the resins. .

The influence of ethylene glycol type polyhydroxy compo­

unds along with melamine formaldehyde on the physical proper­

ties of cotton fabric have been reported in Part I and 

formaldehyde analysis in Part II.

Part I t Influence of oolvhvdroxv compounds alonewith 
melamine formaldehyde resin on the Physical 
properties of cotton.

1. Effect of polyhydroxy compounds alohgwith melamine 
formaldehyde resin on wrinkle recovery*

2. Effeet of polyhydroxy compounds alongwith melamine 

formaldehyde resin on tensile strength and elongation.



1. Effect of Polvhydroxy Compounds alongvibh 
Melamine Formaldehyde Resin on Wrinkle Recovery*

The finished fabric samples at different treatments 
were cured at varying conditions, and the data on wrinkle 
recovery have, been reported in Table and represented in 
Figure ■ 1 .

I

The usual improvement in wrinkle recovery was observed 
with the treatments, in general, higher effects with'higher 
temperature (160°C) as compared to the effect of lower . 
temperature (14-0°G). Specific mention is however made of the 

positive influence of polyethylene glycol- 4-00 along with 
•melamine formaldehyde (T^^) at 160°C, This improvement in 

wrinkle recovery was substantial and specific nature of this 
is attributed to a possible reaction mechanism of polyethylene- 
glycol Itself giving independent or separate linkages.

It will.be of interest to see. whether these improvements 
in wrinkle recovery have any deterioration‘effect bn the 

strength of the fabric. This is reported in the next section 
of the study.

2. Effect of Polyhydroxv Compounds along with Melamine 
Formaldehyde Hesin on Tensile Strength and Elongation

The data on changes in tensile strength of finished " 
samples have been given in Table 3 . and represented in 
Figure %-



TAB IE 2

WRINKIE RECOVERY ( °) OF FINISHED FJBRICS AT 
DIFFERENT CURING CONDITIONS (EFFECT OF TEMPE­
RATURE ON CURING)

Curing Conditions Wrinkle Recovery (°)

Treatment Temp*: 140°C 140°C 160°C

Time s 
(min*)

5 10 5

tmf 212 215 231

timf 212 213 255

A2MF 220 242 252

T3MF 240 250 275

(Wrinkle recovery ( °) of unifinished. = 182)

%? - MF

timf - MF + Diethylene glycol

T2MF - MF + Polyethylene glycol - 200

T3MF . MF + Polyethylene glycol - 400

(MF - Melamine formaldehyde)



FIG._I_. EFFECT OF DIFFERENT CORING CONDITIONS 
ON WR3NKIE RECOVERY ( °) OF FINISHED FABRIC AT 
DIFFERENT TREATMENTS.

To ' Unfinished

tmf MF

T1MF “ MF + Diethylene glycol

T2MF " MF + Polyethylene glycol - 200

T3MF “ MF + Polyethylene glycol - 400

(MF ss Melamine formaldehyde )





TABIE 3

TENS IDE STRENGTH OF FINISHED FABRICS AT 
DIFFERENT TREATMENTS

Treatment Tensile Strength (lbs)

To 34.5

tmf 26.1

timf 26,0

T2MF 2^.0

a3MF 24.8

To
i

Unfinished fabric

T -mb*
MF '

%MF ~ MF + Diethylene glycol

T2MF * MF + Polyethylene glycol - 200

T3MF “ MF 4- Polyethylene glycol - 400

(MF - Melamine formaldehyde )



FIG. 2 . EFFECT OF DIFFERS III IKE AIMS IIS OK 
WRINKLE RECOVER! ( °) AND TENSILE SIEENGIH(ibs) 
OF FINISHED FABRIC.

MF

T1MF

T2MF

T3MF 

(MF :

- Unifinis he d.

- MF

- MF -v Diethylene glycol

- MF + Polyethylene glycol - 200

- MF + Polyethylene glycol - 400 

Melamine formaldehyde )
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TABLE 4

PERCENTAGE ELONGATION AT VARYING LOADS OF 
FINISHED FABRICS AT DIFFERENT TREATMENTS

Treatment
Percent Elongation

Load (2tos) 10 20 at Breaking load

To 6.6 8.3 1$.7(34,5 lbs)

Tm 5.0 6.6 8,7(26,1 lbs)

T1MF 5.0 5.8 9.6(26,0 lbs)

T2MF 2.5 5.0 7.0(25.0 lbs)

T3MF 2.5 5.0 6.6(24.8 lbs)

(Number shown in brakets is breaking load)

Tq - Unfinished.

T^, - MF

%MF ** + Diethylene glycol

^2MF ~ ^ * Polyethylene glycol - 200

T^MF - MF + Polyethylene glycol - 4-00

(MF - Melamine formaldehyde)
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h

Melamine formaldehyde treated samples (T^) have shown 

considerable loss of strength (26.1 lbs) compared to unfini­

shed fabric (34-.5 lbs). Melamine formaldehyde samples have 

shown reduced elongation at break (8.7$) compared to unfini­

shed fabric (11*7$). Table 4~ .

Ho specific differences in strength and elongation in 

the finished samples at breaking point were noticed. Melamine 

formaldehyde samples have shown lower elongation at interme­
diate loads compared to un.-.finished fabric samples (Figure 3 pW,b.) 

With polyethylene glyeols along with melamine formaldehyde 

*T2MF» 23MF ) higher differences in elongation at intermediate 

loads were noticed. The differences in elongation at inter­

mediate loads have been attributed to reaction mechanism of 

polyhydroxy compounds, the reaction being higher with poly­

ethylene glycol - 4-00 (T^.jg.) as seen by the lowering of curves'. 

Such changes in the load-elongation curve are usually explained 

as restrictions caused by the polymerization - crosslinking 

( /9). These reaction mechanisms have been discussed later 

after the analysis of formaldehyde.



PA$T II

Analysis of Formaldehyde Content of 
Different Finishing Treatments , .

In the part I of the study the effect of different 

finishing treatments on physical properties of cotton were 
studied. The results indicated a positive influence of 

polyhydroxy compounds on wrinkle recovery without further 

loss of strength and elongation. This was attributed to a 

possible, separate, reaction of polyhydroxy compounds. One 
of the possible chemical reaction being the reaction of 
formaldehyde, released/ loosely held with glycols resulting 

in acetal resin during finishing treatments as reported by 
Marsh ()Q) and Ranney <4S). Formaldehyde thus could exist , 

in varying reacted/loosely held forms. The analysis of 

formaldehyde was carried out to see the contents of the samei

1. Effect of Different Finishing Treatments on 
the Free and Total Formaldehyde Content of 
Fabric.

The data on free and total formaldehyde of cured samples 

at different finishing treatments have been given in Table 
and represented in Figure k- . The free formaldehyde would 

indicate the extent of properly reacted melamine formaldehyde 
(with/without polyhydroxy compounds). Samples treated with 

polyhydroxy compounds in general have shown lower levels of 

free formaldehyde compared to melamine formaldehyde alone 

treated samples, This indicated greater degree of reaction,



9

TABLE 5

MALTS IB OF FREE AND TOTAL FORMALDEHYDE FROM 
FINISHED FABRICS AT DIFFERENT TREABSENTS.

Treatment

Free -
Formaldehyde

(PPM)

Total
Formaldehyde
(Washed
Sample)
(PPM)

App. .Total
Formaldehyde
(Unwashed

(PPM)

%F 4,150 16,000 21,150

f1MF 3,500 20,000 23,500

T2MF 3,200 21,000' 24,200

T3MF 3,100 24,000 27,100

TMF

T1MF

T2MF

T3MF 

, (MF

MF

MF + Diethylene glycol 

MF 4 Polyethylene glycol - 200 

MF 4 Polyethylene glycol - 400 

Melamine formaldehyde)



FIG, b . F’OSMAIDEH'xDE CONTENT OF FINISHED 
AT DIFFERENT .TREATMENTS.

®MP * »

T1MF “ ^ glycol

J2MF ” MF 4- Polyethylene glycol - 200

^3MF ~ ^ + Polyethylene glycol- 4-00

(MF = Melamine formaldehyde )
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FIG. 5 „ EE LAUGH BETWEEN TOTAL AND LIBEEATED 
FORM ALDEHYDE OF FINISHED FABRIC AT DIFFERENT 
TREATMENTS.

T1Mp - MF + Diethylane glycol 

Tgjjp, - MF + Polyethylene glycol - 200 

%f4F " + Polyethylene glycol - 4-00

(MF = Melamine formaldehyde )



2<S,ooo

n i

I

n
I
n

__*
r'

Tj fiF 7ZHP JjtfF

1

Ll8£/?AT£D F6RmU>E^E

Tota-l For

F/&, 5~

JLftAT/QNSWP BFFtV/rFA/ TOTAL AND U3£/?A7£D 
fQ/?Ms4ii)£Uy££ OP/r/A//J’M£D FdBP/Cf AT 

£>/FF£P£H7

J
______

1I____________L

I ^ y
*j

~

C
k c>

K
5 M S c> o

oo
«3<a
G

o

o> O
k

c>

O
k

O
k c»

<sss

v.

FO
R

M
A

L 
D

EH
VD

£ 
(P

PM
)



in other words, the total formaldehyde after washing 'wisll*b6- 

higher. From the results of total formaldehyde analysis it 

is seen that total formaldehyde is considerably higher in 

the presence of polyhydroxy compounds in comparison to 

melamine formaldehyde alone treated samples* This supports 

the conclusion that the extent of reacted or bound formal­

dehyde was more in the presence of polyhydroxy compounds,
$

especially it is specifically noticed in presence of poly­

ethylene glyeol-4-00 (T^^),

2, Effect of Different Finishing Treatments on 
the Liberated and Total Formaldehyde Content 
of Fabric

The data on liberated and total formaldehyde of finished 
samples at different treatments have been given in Table 6 
and represented in Figure U, From the data on percent 

liberated formaldehyde, given in the above table, it is 

concluded that in general formaldehyde liberation is reduced 
in the presence of poiyhydroxy compounds. Considerable dec­

rease in the liberated formaldehyde has been noticed with 
samples treated with polyethylene glycol-^00 along with 

melamine formaldehyde - 9*5 percent), compared to

melamine formaldehyde alone treate&csamples (f^g, - 17 * ;

/ percent), ' ■ >

Relationship Between Wrinkle Recovery and 
Percent Formaldehyde of Finished Fabrics at 
Different Treatments

The data on wrinkle recovery and percent formaldehyde 
have been given in Table 21 and represented in Figure j£.



TABLE 6

ANAI2S IB OP FORMALDEHYDE, TOTAL AND LIBERATED 
STROM FINISHED FABRICS AT DIFFERENT TREATMENTS.

Treatment (a)
Total
(PPM)

Formaldehyde
<b)

Liberated
(PPM)

% Liberated 
Formaldehyde
s ~ x 100 

a

Tm 16,000 2,800 17.5

TJ,1MF 20,000 2,800 14,0

T2MF 21,000 2,700 13.1

t3MF 24,000 2,300 9.5

tmf
- MF

A1MF - MF Hr Diethylene glycol

n»2MF - MF + Polyethylene glycol - 200

T3I4F - MF + Polyethylene glycol - 400

(MF - Melamine formaldehyde )



TAB IE 7

RELATIONSHIP BETWEEN WRINKLE RECOVERY ( °) 
AND PERCENT FORMALDEHYDE OF FINISHED FABRICS 
AT DIFFERENT TREATMENTS.

Treatment Wrinkle 
Recovery 

€ °)

% Formaldehyde

TMF 231 1.6

timf m 2.0

T2MF 252 2.1

T3MF 275 2,hr

( Wrinkle recovery ( °) of original is 182)

fMF - MF
-

T1MF MF + Diethylene glycol

T2MF - MF Hr Polyethylene glycol - 200

T3MF - MF- + Polyethylene glycol - M30

(MF - Melamine formaldehyde )



FIG. f> . RELATIONSHIP BETWEEN W1KII 
RECOVERY ( 0) AND PERCENT FORMALDEHYDE OF 
FINISHED FABRICS AT DIFFERENT TREATMENTS

w • MF

iMF " MF + Diethylene glycol

'aMF " MF 4- Polyethylene glycol - 200

3MF " MF + Polyethylene glycol - 400

(Iff s Melamine formaldehyde )
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Wrinkle recovery increased gradually with increase in
percent formaldehyde, this increase was seen more specific
with treatments involving polyethylene glycol compounds
(using the latter part of the curve in Figure JL ). The

✓results further indicated that polyethylene glycol compounds 
has retained more formaldehyde by chemical reaction, thus 
improving recovery.

Relationship Between Tensile Strength and Percent 
Formaldehyde of Finished Fabrics at Different 
Treatments

The data on tensile strength and percent formaldehyde 
have been given in Table 9 and represented in Figure JZl.
As expected with resin finish there was loss of strength 
with the finishing treatments. However the treatments contain­
ing polyethylene glycol compounds along with melamine formal­
dehyde did not show further loss in strength as seen from 
latter part of the curve in spite of more percent formaldehyde. 
Thus it was observed that the formaldehyde which was held in 
presence of polyethylene glycol compounds, not only improved 
wrinkle recovery (as mentioned on page ) but it also 
helped in not causing further loss in strength. 3Ms led 
to the possibility of formaldehyde being held differently 
in presence of polyhydroxy compounds.

Relationship Between Wrinkle Recovery and Tensile 
Strength of Finished Fabrics at Different Treatments

The data on wrinkle recovery and tensile strength have 
been given in Table j£, and represented in Figure 9 . From



I .ABLE 8

RELATIONSHIP BETWEEN TENSILE STRENGTH (lbs) 
AND PERCENT FORMALDEHYDE OF FINISHED FABRICS 
AT DIFFERENT TREATMENTS.

Treatment . Tensile 
Strength 

(Ihs)
F ormaldehyde

(%)

To 3^.5 0

tmf 26.1 1.6

timf 26.0 2.0

Tsm 25.0 2.1

T3I4F 2^.8 2.4*

Tq - Untreated

Tjgg. - MF

^IMF ~ ® + Dietfoylene glycol

^2MF " ^ + Polyethylene glycol - 200

T3MF " I-®1 + Polyethylene glycol - 400

(MF - Melamine formaldehyde )



FIG. 1 . RELATIONSHIP BETWEEN TENSILE 
STRENGTH (lbs) AND PERCENT FORMALDEHYDE 
OF FINISHED FABRICS AT DIFFERENT TREAT­
MENTS.

•^IMF " MF + Diethylene glycol

'P2MF ** ^ + Polyethylene glycol - 200

T3MF “ MF + Polyethylene glycol - 4-00

(MF ss Melamine formaldehyde )
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TABIE 9

RELATIONSHIP BETWEEN TENSILE STRENGTH (lbs) 
AND WF.INKIE RECQFERX ( °) OF FINISHED FABRICS 
AT DIFFERENT TREATMENTS.

Treatment Wrinkle
Recovery

<°)

Tensile
Strength

(lbs)

% 182 34,5

tmf 231 26.1

timf 255 , 26.0

A2MF 252 25.0

T3MF 275 24.8

Tq - Unfinished 

%F - "

"^lMF “ + Diethylene glycol

T2MF “ + Polyethylene glycol - 200

T^jjg. - MF + Polyethylene glycol - 400 

(MF - Melamine formaldehyde )



FIG. 8 . RELATIONSHIP BETWEEN TENSILE 
STRENGTH(lbs) AND WRINKIE RECOVERY ( o) 
OF FINISHED FABRICS AT DIFFERENT TREAT­
MENTS .

T - Unfinished 
o

' *

■^IMF “ ® * Diethylene glycol

^2MF “ MF + Polyethylene glycol - 200 

^MF ** + Polyethylene glycol - 400

(MF » Melamine formaldehyde )
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the figure it is observed that the improvement in wrinkle 

recovery and loss of strength go together upto certain 

limits, studied in this work. While from the latter part 

of the curve it was indicated that polyhydroxy compounds 

along with melamine formaldehyde have not caused further 

loss in strength* The observed lower strength losses were 

attributed to the chemical reactivity of polyhydroxy compo­

unds, No specific generalisation were possible since the 

observed points were closer.

Theoretical Consideration of Reactions and Linkages

In , the present study an attempt has been made to explain 

the possible reactions and linkages of different treatments 

on the basis of changes in the physical properties and formal­

dehyde analysis,

1. The formation of three dimensional polymeric net work 

with melamine formaldehyde as given in reaction 10 JiJ. 
page 61 ,

2. The formation of short oxy-methylene (0-GHg-) linkages 

between cellulose chains as given in reaction II, 
page 6%-.

3. The formation of amid© methyl ether between uhreacted 

methylol groups of resin and end hydroxyl groups of 
polyethylene glycols as given in reaction JJi, page (-A,

Such a reaction has been suggested by Andrews et al. ( 7 )
$

The formation of linear polymeric acetal resin with 

polyhydroxy compounds, and formaldehyde as given in 
reaction\V i*n. page £|.



REACTIONS AND LINKAGES

Reaction X

Polymeric net work of melamine formaldehyde ((K3)

GHpQH
I ^
NH

•Nx/' \ 
N NC

N-

-N

SH

NHOHgB

hgh2c

- C

\»-

0H20H

ch„qhI 2
NH

1
C

C
I
NH

gh2qh

Linear Condensation (i)

NHCE0®
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C=N

NHCH20H
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H
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I
N

H2?
H

N
\
/

-I

CNHCHgOH

sch;

GH,
I -
N— <

N-

N=

nhgh2®

XN

NHCHgOH NHCHgQH

Cyclic Condensation (ii)



Reaction J.I

Cross-linkage of cellulose -with formaldehyde 

Cell-OH* ECHO + HO - Cell 

Cell - 0 - CH2-G - Cell

Reaction III

r - sr - gh2oh * ho - (ch2)2 o - <ch2)2- 

methylol group polyethylene glycol

R - N - CH2 - 0 - (CH2)2 - 0 - (GH2)2-

amidome thyle ther



Reaction IV

- o - (ch2)2 - Q - <ch2)2 ~ 03 + HGH0

polyethylene glycol formaldehyde

- 0 - ('m0)0 - 0 - (CH0) _ - 0 - CHo0H
(w <£» £•

Hemiacetal ( i )

Two hemiacetal react further by loss of water

- o - (ch2)2 - o - <ch2)2 - 0 ch2o H

4-

- 0 - (CH2)2 - 0 - (GH2)p - 0 CH2 oh

- 0 (CH2)2 - 0 - (GH2) . 0 * OH-
^>0 4- Ha.0

- 0 (CH2)2 - 0 - (CHg)2 - 0 - CH2

polymeric acetal (ii)



A,

It is however stated that no specific type of linkages 
mentioned above be emphasised. A co-ordination complex.forma­
tion of different linkages as suggested by Marsh (!{'!) can be 

attributed to the changes in the properties of finished cotton 
fabric*


