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Abstract

The degree of cross linking condensation polymerization of rayon molecule
H—C4H;(O5)77OHunder argon atmosphere is a function of temperature in the
range (200 — 230)°C with liberation of 10%, 10.5%, and 10.9% water respectively from
the fiber weight. Elemental analyses show increasing of carbon % on the expense of
hydrogen and oxygen percents in the same order. Above 230°C self-carbon dioxide is
generated. The fiber resulted from the polymerization shows fire resistance and
insoluble in sulfuric acid which is in opposite behavior to the untreated fiber. Also
treated fiber shows color change from white — yellow— brown— black depending on
temperature degree and duration of heating with smooth and oily surface appearance
due to the new bonding system and more close rayon molecules upon polymerization,
accompanied with what is called chemiluminescence phenomenon.

Polymerization under nitrogen atmosphere shows early liberation of carbon
dioxide gas beside water due to the presence of oxygen even in trace amount in the

nitrogen gas which attacks the rayon molecules at the above temperature.
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Introduction

Rayon fiber is one of the
precursor materials for carbon fiber
production, in which rayon is heated
under vacuum or inert atmosphere to
convert their linear atomic bonding to a
more thermally stable cross-linking
bonding with elimination of water
molecules by what is called self
condensation polymerization reaction
(1-3)

0. - cellulose is the type used

for the manufacturing of rayon with its

molecule H—C¢H,(05);—— OH @3,
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The process for making carbon

fibers is part chemical and part
mechanical. The precursor (Rayon) is
drawn into long strands or fibers and
then heated to a very high temperature
without allowing it to come in contact
with oxygen. Without oxygen fiber can
not burn. Instead, the high temperature
causes the atoms in the fiber to vibrate
violently until most of the non-carbon
atoms (oxygen and hydrogen) in the
rayon are expelled. This process is

called carbonization ¥,
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Experimental

1. Continuous rayon fiber

supplied by the state company

-2007-

Babylon”. Its properties is

shown in Table 1.

for fine textile/ Hilla,
Table 1: Specification of continuous rayon fiber.
Specification Value
Linear density (Tex) 16.7
Tenacity (g/Tex) 17-19
Elongation (%) 20
Moisture regain (%) 18

2. cross linking of rayon fiber needs:-

a. Electric furnace type Sola basic,
Lindber, Germany, with heating
range up to 1200°C which

includes a capsule inside in

which sample insert in it. It is
provided with pipes for pumping
gases or for making vacuum as

shown in Figure 1.

b. Desiccator.

c. Precision balance with accuracy
of £ 0.0001g, type metler,

England.

3. Electric oven with temperature up to
300°C provided with air circulating
fan for temperature homogenization
and to prevents fiber adhesion used

for humidity determination , type

Gallen Kamp, England.
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4. Argon and nitrogen gases are

supplied from local market with

purity of 99.9% and 99%
respectively.

5. Methyl alcohol, 99% purity, BDH

6. Calcium oxide 99% purity, BDH

7. Sulfuric acid, 98% purity, BDH

8. Condensation process.

Condensation  polymerization is
performed by the system shown in

figure 1, (supplied by Sola basic,
Lindber, Germany) as follow:-

Dry and clean fiber (using
methyl alcohol for cleaning) with the
specification listed In Table 1 are
arranged in tension state inside the
capsule of the electric furnace under
argon atmospher with slightly positive
pressure (20 torrs), the temperature rises

from 100°C to avoid humidity in the
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system in a rate of 1.5°C/ min until
200°C in which the sample stay for
nearly two hours at this temperature
until constant fiber and water weights
obtained (see Figure 2). The weight of
accumulated condensed water in the U-
tube was in very good agreement with
that of the weight loss from the fiber
(Table 2). Continues heating in the same
behavior was conducted at 215°C and
230°C and above that until carbon
dioxide liberated in which calcium
hydroxide solution becomes turbid.
9. Tests
a. Flammability test

Fibers are tested before and after

polymerization. One fiber end with

-2007-

12.5cm length are exposed to direct

flame while hang from the other end.

b. Elemental chemical analysis of fiber
for determination C, H, O contents is
carried on Al-Nahryn University.

c. Humidity test is carried on by oven
described in (item3).

d. Liberation of carbon dioxide from
heating of fiber above 230°C was
detected by calcium hydroxide
solution as shown in Figure 1.

e. Solubility test
Fiber before and after polymerization

immersed in 60% sulfuric acid for 20

minutes at 20°C.

A

)

Y

L)
A

Argon gas

Salty ice bath

‘\" Caclium

[-| hydroxide

} solution for
detection

. carbon dioxide.

Figure 1: Polymerization system used.
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Results and discussion which is immersed in ice-salt bath of

Rayon fiber was heated (starting temperature -3°C (see Figure 1). At
temperature ~100°C to avoid humidity 200°C the percent of condensed water
in the whole system) under argon at was found to be 10% of ten grams
200°C, it shows the tendency for treated fiber in a good agreement with
condensation  polymerization  with fiber weight loss (Table 2 and Figure
elimination of water molecules which 2).

accumulated by cooling in the U-type
Table 2: Weight of condensed water and fiber weight loss upon heating 10 g fiber for each

experiment under argon atmosphere at various temperatures.

Temperature°C Condensed water %" Fiber weight loss %" Average %
200 10.1 9.9 10
215 10.6 10.4 10.5
230 10.9 10.9 10.9
>230 Carbon dioxide starts to liberation.

" the average of three experiments.

230°C
11.01
o 10.5- 215°C
=
O 200°C
= 10.01
=
= 9.57
A
g 9.0 1
2
O 8.57
@)
8.0

Figure 2: Pyrolysisﬁof rayoh fiber &inder érgon gbs atmosphere.
Pyrolysis time/ hour

High temperature causes the and oxygen atoms are expelled as
atoms in the fiber to vibrate violently water from rayon fiber and this process
until most of the non — carbon atoms called carbonization. The high water
are expelled 78 1In this work hydrogen percent makes the linear
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polymerization, i.e. condensation water percent elimination in spite of
polymerization linkage through the two any n value, in this case calculation
terminal groups —H and —OH of the shows that in case of linear
two rayon molecules polymerization of two  rayon
II—fbv—f C6H1005)n—{i1\.;? molecules, the  water  percent
ﬁhacceptable due to thé—theoretical low

:(2x162;i2H20J100:(ﬁ)100 ................................................... (1)
which is far away from 10% water.

For X molecules of rayon HO—C¢H,(O35);—H
in case of linear  polymerization,  water  percent liberated =
(%)1 00 = (%)100 .............................................................. (2) which

is far away from the experiments

results 10% for any numbers for n and

X.

1. Thus the other possibility is the
cross condensation polymerization
in which each mer—¢ CH,,0;) —Tm
the rayon molecule and each two
terminal mers lost only one water
molecule as shown in Figure 3.

Since one water molecule lost
resemble ﬁ x100=11.11% of the
162

mer, but experimentally it was
found that the lost is 10%. So the
difference in the two percents is
(11.11-10)%=1.11. This difference
accumulated from each mer until
reach the quantity of water required
to complete the percent loss of
water for the two vertical terminal

mers which they lost
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only one water molecule (18 g
water) while they must loss 32.4g
according to:(2 x 162) x 10%= 32.4¢g

.. the weight of water required
to complete the 10% lost for the two
terminal =32.4 — 18 =14.4 g.

this quantity required the
following:-

the percent difference 1.11%
resemble 1.8g water (excess quantity
from each mer).

the number of mers that

must be condensed to supply 14.4g
equal to 14.4 =8.
1.8

Thus each mer in the rayon
molecule (M. Wt.162) will lost 16.2g
water according to the experimental
losses (10%) in addition to that there is
a lost of 1.8g water from the horizontal
terminal water molecule

(M. Wt.18) (CsH19O5)s.H20 or

H_6C5H1005_)H_OH

the mer loses one water molecule

. Actually

(18g), thus the excess quantity = 18-
16.2=1.8g, this quantity accumulated
from each condense mer until reach the

quantity of water required to complete

water lost from condensed mers 18X -18

the percent loss from the two vertical
terminal mers which they lost only one
water molecule while they must loss
32.4¢g according to (2x162)
x10%=32.4g.

. the weight of water required to

satisfied the 10% lost = 32.4-18=14.4g.
This quantity required % =8 mers

to condense vertically.

. the total mers condensed =
8+2 wvertical mers + one mer to
substitutes the quantity of the 10% lost
of the terminal water molecule , thus
the overall mers that condense =
8+2+1=11.

.. the number of rayon molecules
H—¢C4H;(0O35;—OH that
condensed as cross-link=11=X
molecules.
Or more easily way that each mer lost
one water molecule during
condensation  polymerization  (part
from the above mer plane and the other
part from below its plane) while the
two vertical terminals molecules lost
only one water molecule. This leads us

to:-

weightloss = weight of that condensed mers 162X +18
01=2"1
9X +1

X-1=09X+0.1

.. X =11, it resembles the number of mers or molecules that condensed.
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To assign the chemical formula The proposed chemical equation that
of the starting rayon molecule (i.e. to describes the cross linking of the rayon
determine the number n) we follow:- molecule is :

OH

— -

-~

1O (CgHgOs), H] —200C Ao, ot C6H804/%-H +n(11-1)H,0....(4)
——"Nn

~

-~

H 11

or it can be rewrite in the form

11[162n +18]=[11(144n +18)+18n]+ (18 x 11n)—18n

.water liberated%= L &)
1782n+198
_ 180n
0.1= 1782n+198
180n=178.2n+19.8
1.8n=19.8

~.n=11 is a constant, it resembles the number of mers of starting rayon
molecules. [ HO—€C¢H,(O5);7 H 1.
Thus the general equation that relates
% water liberated, n, and X is equation

(4) which can rewrite it in general form

% water loss=M ................................................................... (6)
nX+X
from this equation and the data listed polymerization  process continues
in Table (2) we find (X) values at 215 above 200°C by combining two huge
and 230°C. The results are summarized molecules which are formed at 200°C

in Table (3) taken in consideration that

OH OH
HO= E;HS\O:%;IH to form HO—= Ej;HgE);?lH molecule at 215°C.
~24°227 NG
| | | |
H 11 H 22

278



National Journal of Chemistry,2007, Volume 26, 270-283

result confirmed that from the weight

of condensed water.

OH

-2007-

After that polymerization continues, it
seems that five molecules formed at
215°C (see above) combine to form

new huge molecule at 230 °C as the

—_4

HO<CsHs07H

H

Above 230°C self carbon dioxide

formation starts as indicated by

turbidity of clear lime solution. Table 3

summarized these results and plotted in

110

Figure2. Workers show that

degradation of polymer materials is

caused by various external factors such

(10)

as heat

Table 3: Number of cross-linked rayon molecules as a function of temperature.

% water eliminated

No. Of mers in the

No. Of cross-linked

Temperature
. or starting rayon molecules | rayon molecules
¢ % fiber weight loss (n) (X)
200 10 11 11
215 10.5 11 22
230 10.9 11 110

Carbon dioxide self-
>230 )
formation starts

Many tests are carried on for
conformation cross-linking rayon fiber.
One of them is the elemental chemical
analyses which have revealed the
stoichiometry of the rayon molecules
[11], which

polymerization show
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increasing of the carbon percent on the
expense of hydrogen and oxygen
percents upon heating comparing with
that percents for unheated starting fiber

(Table 4).
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Table 4: Elemental chemical analyses of rayon fiber

Fiber C% H% 0% Empirical Formula
Starting Fiber 444 6.1 494 Ci,H,0,
Cross-linked at 200°C 50 5.55 44 .44 CisH>0
Cross-linked at 215°C 50.3 5.52 44.2 C152H204
Cross-linked at 230°C 50.5 5.5 44.0 C; 53H,0,

The heat treatment of rayon fibers
show high resistance against 60%
sulfuric acid for 20 minutes at 20°C by
immersion the sample in this acid
solution according to the solubility test
(12" a5 indicated by no change in the
weight of the fiber before and after
treatment in the above solution, while
untreated fiber dissolved immediately
in this acid. This new behavior of the
fiber agrees with the literature which
stated “that cross —linked polymers
and  solvents

show  temperature

resistance” (19

Also treated fiber show good
fire resistance comparing with the
flammable untreated one. This test was
carried according to the reference'”.
This agree with the literature that
and

stated, “cross-linking

macromolecules formation give high
fire resistance” '),

Fiber shows color change as a
function of temperature and time

duration in the order:-
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White — Yellow — brown — black as
temperature increases with smooth and
oily appearance surface similar to the
graphite fiber. Such physical properties
change in fiber may be due to the new
bonding system results from the cross
linking of the rayon molecules which
make these molecules more close to
each other with loses of water as the
temperature increases. Workers show

that heating of polymer resulting in

brittleness and coloration /
discoloration. = The  process  of
degradation is known to be

accompanied by very week emission of

chemiluminescence. Since
chemiluminescence has a  high
sensitivity to  thermal oxidation,

chemiluminescence measurement has
been used as a tool for the evaluation
of the stability of polymer materials
against heat 19 In this work rayon
fiber was stable against heat nearly to
200°C in which water starts to liberates

and color starts to develop and the
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formed fiber become more stable
gradually as temperature increases up
to 230°C due to the increases of the
degree of polymerization (more cross-
linked system).

The other part of this work is
the polymerization of rayon fiber under
99% nitrogen gas. The results show
that the weight of the accumulated
water is less than that of fiber weight
loss, which indicates that other
material liberated with water passing
the outlet nitrogen gas through clear
lime solution which shows early
liberation carbon dioxide, this may be
due to the presence of oxygen with the
nitrogen gas which attacks the rayon
molecules at this  temperatures
(~200°C).

Conclusions
1. Cross-linking results in high
fire - and chemical- resistance
for the fiber due to more dense
covalent bonds formed (see

Figure 3).

2. The color of the fiber changes
due to the polymerization.

Darker colors result as degree

of polymerization rises (as a
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function of temperature and
time duration).

3. Theoretically the maximum
liberated water from the self
condensation  polymerization
of the rayon molecules is lower
than 11%  when n=I11.
practically we reach 10.9%.
Also the maximum liberated
water for any n and X values is
not exceeds 11.11%
theoretically according to the

relation:
water% = >
onx + x
Such theoretical values may be
reached at very drastic conditions of
temperature and time after 230°C
before carbon dioxide liberated.
4. Self condensation

polymerization seems to take

place at positions 2 and 6

6CH,OH

> Q
Con b
- O _
3 2
OH
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while position 3 located directly under
position 5 to which the group —
CH,OH (Position6) is linked. These
positions 3 and 6 make the self cross-
link molecules in a rigid straight line
without any flexibility as well as both
of -OH and —CH,OH groups located

(13 which results in

over the mer plane
steric hindrance in case of attacks by
self molecules. Position 2 shows that
its hydroxyl group lies under the mer
plane which gives a good chance to

19 shows that cellulose

react.Katz
with acetic acid, in which positions of
the three hydroxyl groups 2,3, and 6
are attacked by the small molecule of

acetic acid compares with large rayon

molecule.
5. At any temperature as the
duration of heating time exceeds that
of the time required for polymerization
completion at that temperature, it
shows an effects on the physical
properties of the fiber such as color
and mechanical properties but no effect
on the amount of the accumulated
water is detected. This mean that when
the degree of polymerization reaches
its maximum value at that temperature
, no effect for time on it (see Figure 2).
Under inert atmosphere (Argon), rayon
shows cross linking followed by

degradation. In the presence of trace

amount of oxygen, degradation and

282
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cross linking processes are in

competition. Workers show cross

linking appeared at lower temperature
than phase changes like oxidation,

degradation etc. (2,17, 18)
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