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Figure 1. Reaction of NaHSO; and formaldehyde (10).
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Table 1. Dependence of weight-gain of formaldehyde treated cellulose on the time of cure at 100 °C & 150 °C.

oy (adds) Olejy 5 Les Loyl 0

Tem of curing and time (min)

05 o=l s s
Weight-gain(%)

w233 0 Obej >1J§L;JLA a3 100 gles
Tem=150 °C & Time=5 min
oS1y 3 CandBIS 5 aids Ve Oley 5l S Sl amjaVor gles
Tem=150 °C & Time=10 min
ads Y Ol o >1J§L;JL., a5 100 gles
Tem=150 °C & Time=30 min
azdy e ij))\f&b@)g\n sles
Tem=100 °C & Time=60 min
oSV GBS aids Ve Olej 53l S Sle amyn Vee glas
Tem=100 °C & Time=60 min & Borax catalyst

2.4

7.5

3.9

2.7

6.8
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Table 2. Dependence of weight-gain of formaldehyde-treated cellulose to amount of HCl used as catalyst
(20% CH,O used in all treatments).

Aol SIS 55 Lo s SISl e e dien s 33l 055 Ao 5o (S gm0l 538 055 e 52
HCI used (%) Weight-gain after cur (%) Weight-gain after buffer wash (%)
0.003 7.0 -0.38
0.007 6.5 -0.31
0.05 7.3 +5.3
0.01 7.7 +5.2

95368 7Y CHLO 7Y+ Ll i 55 o3liusls y g0 3 1S 4 sl okt S llo 3 b 0 Sl Pgbs 359 L2l 1 (Kool g —¥ g

Table 3. Dependence of weight-gain of formaldehyde-treated cellulose on the acid strength of the catalyst used
20%CH20, 1%catalyst.

il OY) 318 sl az ;5 Y0 55 gl )3 Sy Sl e 059 Ll ) gt 31 e O35 el 380

Catalyst Acid strength at 25°C (12) Weight-gain after cure(%) Weight-gain after wash (%)
NaHCO; 6.0x10™"" 112 0.4
Lactic acid 1.4x107" 8.8 0.24
Formic acid 2.1x10™ 8.2 -0.09
Citric acid 8.0x10™ 7.9 +0.31
Fumaric acid 1.0x107 8.2 -0.9
Phosphoric acid 1.1x10° 9.4 +4.1
NaHSO, 2.0x107 7.9 +3.3
Oxalic acid 3.8x10° 9.8 +3.6
Borax 5.8 +4.5
NH,4C1 6.8 +5.0
AlCL 7.4 +2.7
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Table 4. Measuring remained formaldehyde(not reacted).

3,08 5,50 dallle b Ao s

(-Lﬂ)é) oall u;,;SU _L:.Q_ULAJS

(-Lﬂ)é) J'.S)L»je.f\.\fmé}}é‘ 53]

RYSHINE
Amount of(EZ)IzO applied Wei;;fga?;}(% ) Formald(erz)}gzleenltl;;)sponsive Weigh(tpiiizniz gcee)llulose
30 7 13 27
20 6.7 8 25.4
10 33 4.7 21.1
5 1.4 2.5 16.9
2 0.45 1.18 10.5

1- Tensile strength
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Table 5. Comparison of methods.
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o emission of < .;‘J-b' 40 °C ;5 4l (I Jdsb =l
Method formaldehyde gas in all:/:git;;ie Percent of Tensile Elongation
produ(cts \;al%e ppm o Volatile in 95°C Strength at break%
mg/m’ 0
e Jsane 20) dob B
(s U o s dallo 3
Dol > 0.9 6 83 0.39 4.05
The first method (the usual
method of formaldehyde-
urea adhesive with cellulose)
—deadlle B hs)) p s o
(Sdss b b Jsbs
The second method 0.3 8 6.7 0.2. 9.01

(formaldehyde-cellulose
method with polyvinyl
alcohol)
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Figure 2. Crosslink reaction between Cellulose chains.
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1. Cell-OH+CH,0=2Cell-OCH,OH

2. 2(Cell-OH)+CH,0 2Cell-OCH,O-Cell+H,0O
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Abstract

Background and Objectives: Reinforcement of cellulose tissue plays an important role in the yarn
and textile industries. Formaldehyde is used alone as an strengthener of cellulose tissue and its
application in fabrics is important, and it is technically possible; however, the combination of
formaldehyde with urea is commonly used to strengthen the cellulose tissue, but there are two
problems in applying urea formaldehyde, the first problem is that the combination of urea,
formaldehyde and cellulose is not soft and therefore not suitable for the textile industry, and the
second problem is that the compound releases formaldehyde over time, and formaldehyde is smelly
and toxic. The aim of this study was strengthening the cellulose tissue using polyvinyl alcohol and
formaldehyde because this method, while creating cross link and strengthening the cellulose tissue,
has less damage to the main cellulose structure compared to the old methods such as Schweizer and
Xanthate methods.

Materials and Methods: In this study, formaldehyde and polyvinyl chloride reacted with cellulose
using borax catalyst. At the end of the process, sodium hydroxide precipitated the reaction product in
the form of a rubber mass.

Results: In this study, the formaldehyde-cellulose reaction conditions were optimized and five
phenomena were examined as targets so that finally it was approved that formaldehyde evaporates at
30 °C without participating in the reaction. On the other hand, at higher temperatures (150 °C) it
reacts with cellulose in a wide range of conditions; but for optimization, reaction can be done with
borax catalyst under acidic conditions of pH<1 and at 95 °C. In the cellulose-formaldehyde reaction
by adding polyvinyl alcohol and synthesis of cross- link, evaporation of formaldehyde was
decreased. Reduction in evaporation and degradation of formaldehyde makes the product suitable
and safe for the textile industry. This product was a viscous and unstable material, but by immersion
in sodium hydroxide solution; it became cohesive and stable. In this study, the emission of
formaldehyde from the synthesized samples was measured with use of a precise test method (Head-
Space) and gas chromatography, and amount of non-reacted formaldehyde were measured with
sodium bisulfate, and it was proved that the volatile formaldehyde in the product of this research is
less than the product of the usual urea-formaldehyde method. Differential scanning calorimetric
(DSC) test proved that the addition of polyvinyl alcohol to cellulose reduced the glass transition
temperature (Tg) and melting temperature, and also causes cellulose to change from a thermoset to a
thermoplastic state.

Conclusion: The product of this article is softer and more elastic than the usual urea-formaldehyde
method, and releases less formaldehyde, and also has thermoplastic properties, therefore, it can be
used for cellulosic coating of soft plastics.
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