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ABSTRACT

1991 )

Carthamin, the natural dye cof Carthamus tincterius(Golrang)

was separated by soxhlet extractior and further purified in good

vields.

Its mordant dyeing cof wool,using potassium

dichromate

as mordant,showed a high washing fastness (above 4). Mordanting

by "sweet chrome","scur chrome",and "“reduced

that last one to be superior.

INTRODUCTION
Description of the plant:

Gelrang is leocally known as Kazi-
reh, faked Saffran,Khosk daneh,Zardak
flower anéd Tagalla. The colouring
matter produced from the plant leaves
are called Zardag and Macl ~ asfar
(vellow watex). Golrang is from chi-
covy family and its origin can traced
Arabia.

to Saudi The one year old

plant contains pins and produces

a lot of branches having a flower at
top of each branch.

The U shaped

flowers are formed at the top of each

chrome" proved

branch in yellow,white and red colours.
Golrang has a fruit called Fendogheh
which contains 50-55% oilf{l].
Planting gecography:

Plantation of Golrang has been
Joing on in South Asia and India forx
many centuries and currently being
done in those areas as well as in
South Europe,Northern Asia, Latin
America,Northern Africa " and Iran .
Plantation of Geolrang is very impor-
its

tant in our country because of

interesting properties and climate

conditions. It can be grown in Khora-
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san,Azarbaijan and central parts of
the country. Species of this plant in
Iran include Carthamus Lanatus{2],Car-

thamus Oxyacantha |3],Carthamus Tur -

kistanikus[4 |,which are planted in
Northern and Western areas.
Applications of the plant:

Different parts of the plant can

be used as;
0il:

Times ago,the 0il of Golrang was
be used as an additive in preparation
of ‘paints,and polish,but because of
its high content of Linoleic acid ,
it’'s importance as,  food was increased
day by day. This o0il, in its pure
form or mixed with some other vege -
table oils forms the main component
of Margarin,salad and cooking oils .
Its high content of Linocleic acid
lowers the cholestrol levels in blood
and thereby reduces the occurence of
related diseases. But because of its
rapid oxidation,it is corrosive and
turns rancid. Nowadays,genetic im -
provements have made it possible to
increase the amount of oleic acid vs
lencleicacid and thereby produce
an oil resembling the olive oil
[2.

Pharmaceutical use of Golrang:

Seeds and flowers of Golrang have
a laxative effect. The extracted oil
also is laxative and it can be used
as.a medicine in rhumatism by rub -
bing it on the affected areas[5].

Disregrading other minor applica-

tions as fibre,powder, etc,we will
arrive at its major usage i.e. as a
dye.
The use of dried Fflowers of Golrang
as a dye:

Carthamin is an important dye in
Golrang flowers [6lwhich has a yellow

water soluble colorant and can be

- used as a ceolorant in food stuffs like

suhan (in the form of safran colour)
[2]. An important part of the present
investigation is related to extrac -
tion and application of carthamin in
wool mordant dyeing.

Historical usage of plant dyes for
dyeing of natural fibres specially
wool and silk traces back to the an-
cient times. Ancient people used
Plant dyes for dyeing of their clo -
thing material but most of them were
without fastness. Traditional dyers
through experiment had found that by
salts

using some kind of inorganic

like metal oxides and vitriols can
alter and improve the chemical pro -
of

perties of the dyes. This type

dyeing was evolved in some eastern
countries like India,China,Egypt,and
Iran and caused a significant prog -
ress in carpets and clothingmate-
rials,thereby making it one of the
most important arts of the world[ 7]
some of which are exhibited in vari-
ous world museums. The modern version
of this process which is being used
in today's dyeing industry is called

Mordanting.
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The major colorant of Golrang is

the yellow dye which 1is extracted
from its flower leaves and is listed
as a natural yellow No.5 in the
colour Index. This dye dees not have
a lot of usage in textile dyeing[8],
Lut its more important dye from shal-
con class,is called carthamin which
is famous and has the following for-

mulale].

OC6HllOS
OH

OH

Ot

Carthamin

Carthamin produces a yellow coloured
substance in the presence of HCl
which is called iscocarthamin, its
structure is shown below. Red cartha -
min and yellow isocarthamin are iso-
mers of each other [10]. In addition,
another type of this plant with a
reddish orange flowers also contain

carthamin [11].

OC6HllO5
OH

HO

Isocarthamin

OH
EXPERIMENTAL

Dye extractiorn:

Extraction of carthamin from
Golrang requires elimination of the
less usable yellow substance accom —

paning it. Elimination or separation
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was done by the following procedure.
Dried flower leaves were ground into
a fine powder and a weighed amount
of the powder was placed in soxhlet
apparatus. For this purpose 4.9, 4.0
and 2.9 g of powdered flower leaves
were weighed and wrapped in separate
filter papers and placed in the
soxhlet apparatus,where water,etha-
nol and a mixture of both were used

as solvent., In this respect water

turned ocut better than the others
economically and experimentally. After
several extracticn,complete separa -
tion of the yellow dye was carried
out by distilling off the solvent.The
residue was poured in a flask and its
carthamin extracted with sodium car-
bonate (20% ag) . The crude product was
sticky and was extracted with ehta -
nol and subsequently precipitated
which acetic acid. Presence of impu-
rities was tested by thin layer chro-
matography separation done by coloumn
chromatography (yield:32%,20%,11% ).
The suitable solvent was found to be
mixtrue of H2O:EtOH{l:3} . The
resulting compound was further puri -

a

fied by crystallization.After trying
several solvents,essentially acidic
EtCH or MeQE (5 to 10% HOAc)was found
to be suitable. The resulting crys -
tals were needles with bright red
colour {(m.p 225°C), Experimental
results are as follows:

1-4.9 g Flower leaves

2.0 g yellow dye
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0.4 g Carthamin(yield 8%)
2-4.0 g Flower leaves

1.41 g yellow dye

0.2 g carthamin (yield 5%}
3-2.9 g Flower leaves

1.7 g yellow dye

0.17 g carthamin (yield 6%)
The average yield of extracted red

carthamin from dried flower leaves

of Golrange was 6. 3% found«,55.7%; H,5%;

C,,,H,,0

108550, ) rTequired:C, 56%;H,4.9%) .

Dyeing with the dye obtained (cartha -
min}:

aAs mentioned before,one of the
best methods for improving fastness
properties,especially washing fast -
ness,is the application salts of metals
like chromium as a mordant. The mor -
dant is a compound or a compenent
that fixes the dye on the fibre . In

the present work,wool fibres were
treated with the mordant before dye-

ing by one of the following methods.

a:Mixture of potassium dichromate
with acetic acid

b:Mixture of potassium dichromate
with sulphuric acid

ciMixture of potassium dichromate

with formic or tartaric acid
Procedure:

Washed, scoured and dried samples
of wool fibres{or fabrics) (5 g) were
selected and three baths were prepa-
red by liquor ratio of 50:1 ( volume
of liquor:substrate weight).The con-

centration and amounts of dyes and
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other additives are calculated based

on the weight of fibre(all dissolved

in distilled water).

Bath No.l:1% dichromate+3% acetic
acid (sweet chrome).

Bath No.2:1% dichromate+3% sulphuric
acid(sour chrome).

Bath N0.3:3% dichromate+3% formic

acid or 6% tartaric acid

{(reduced chrome).
Fibre samples entered the baths
while cold and the temperature was

then raised to boiling in 20 min and
mordanting was carried out for 45 min.
After cooling the bath,fibres were
taken out and then intered +to the
same bath with liquor ratio of 50 :1
having 5% of carthamin dye and 3%
acetic acid. During 20 min, bath was
boiled and dyeing carried out for 45-
60 min. Eventially wool samples were
taken out of the bath and dried in
the air{12].

Determination of washing fastness:

The term is used for showing
fastness of dye in washing with soap
solution at a specified temperature.
Procedure:

Dyed sample (10 cm x 4 cm ) were
placed between two pieces of undyed
wool and nylon fabrics { 4 cm x4 cm)
and were tested according to I1IS02
test[13].

Test name:IS0Z2;solution:scap 5 g /1;
Time:45 min;Temperature:SOoc; Liquor
ration: (56:1).

Linitest-Original Hanau was used
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as the apparatus for above mentioned
test. This apparatus is a universal
laboratory washing machine which is
used for rapid and accurate determina -
tion of washing fastness. After washing
‘with cold water,the sample was washed
in running water for 10min. Dyed sam-—
ple was separated from undyed samples,
dried and then variations of colour
in dyed and undyed samples was eva -
luated with Gray Scale and a fastness
of 4 was found for the sample.
Determination of Cr'* and Crit:

One of the modern methods in this

regard is iodometric titration of

I1x

Cr followed by determination of

. 1T
total chromium as Cr T by

atomic
absorption spectrophotometry[1l4 ].This
method was used here

For determination of CrVI in the
three baths {(Table 1},100 ml of cold
bath was poured in flask and 4 g KI,
2 g NaHCO3 and 6 ml HCl were added .
Titration of starch was carried out
by 0.01 M sodium thiosulphate in the

IIT

Table l:Amounts of CrVI,Cr

presence of starch. Rapid titration
is required,because the concentration
of Cz:'VI in the bath tends to decrea-
ses,with time (the reason is probably
the reaction between dichromate and
organic compounds in solution). Then
1 ml of titrated solution was diluted
to 2,5,8,10 ml and total amount of
chromium determined via atomic absorp-
tion spectrophotometry. Standard
solutions was prepared by dissolving
specified amounts of potassium di -
chromate in distilled water and titra-
ted as above. To study the effects
of various acids in the dyeing bath,dif-

ferent baths were prepared with acids.

RESULTS

The results of the tests described

are summarized in Table 1.

DISCUSSION
In mordant dyeing of wool( using
chromium compounds)the mordant can be

added by three different methods ;

and total chromium in different

bath and effects of various acids {ppm)

Bath Mordant Mordant + Wool Dyeing
Acid o o T Cr(T)* orT oI cx (T) eVt Crln cr (1)
No acid 260 2 262 45 5 50 22 21 43
3% Acetic acid 230 32 262 3 13 16 1 38 39
3% Sulphoric acid | 195 65 260 60 40 100 9 123 132
3% Formic acid 195 66 261 35 20 55 148 149
iG% Tartaric acid 30 230 260 c.5 24 24.5 0.5 102 102.5

Cr(T) *: Total Cr
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chrome mordant,after chrome,and meta-
chrome or chromate [15]. anyhow when
wool is treated with hot solution of
dichromate the basic part of it reacts

with dichromate in the first stage .

2 *Nu_ "ooc yor. o *T+ou’

oo NyT00C. ) ver0, Tz —
+ 2-

{ }.. NH3)2Cr2O7 + 2 }..COOH

As soon as the dichromate ions are

absorbed, the hydrogen ions are taken
simultaneously wuntil the sclution
becomes neutral. As a result pH rises
indicating that the solution is turned
basic. In the next stage the dichro-
mate anion is reduced gradually to

ITT . .
Cr cation. This process accurs

simultaneously with cleavage and
oxlidation of some of disulphide bonds

of Keratin and Cysteine:

VI X II .
Cr (anion) — Cr I(catlon)

III

Cr then reacts with the carbeoxylic

groups of wool. Although the reaction

is reversible,because of the large
activation energy for disappearance
11T
of Cr the process takes place
extremely slowly[l6].
0 8]
z +— %
el vt =
o ~o”
¢O\ 2+
}..C\ Cr
\O/ .
Final dyeing results from the
. IT
reaction of Cr * with the rest of

dye molecules to produce{l:1)and(1l:2)
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complexes[17].

Absorption of dichromate ions
from the neutral bath is slowbut it
will be enhanced by addition of
acid and decreasing pH. Reduction of
CrVI to CrIII which is the main pért
of the process_occurswiththe change
of the colour fromyellowto greenish
gray. In this stage,CrIIIreacts with
the dye and forms the compleXx; i.e.
wool is mordanted.

To neutralize the basicity of the
mordant's bath,small amounts of acid
{usually acetic acid)is added. Dichro-
mate itself acts as a buffer and is

changed to chromate-by alkali.

2- - . 2
0 + 2 _—
Cr2 - OH 2CrO4 + H_O

2

Some of the chrome dyes are oxidized

by chromic acid, therefore in these

cases reducing acids are added to
. VI

complete the reduction of Cr to

IIT
r

C . These acids acts as chelating
agents. The produced mordant from
these reductant acids is known as

"reduced chrome" and mordant without

reducing agent 1s called sweet

chrome”. Third type of mordants is

called "sour chrome"” in which sulphu-
ric acid is used in it., When wool is
mordanted by sweet chrome and sour
chrome methods, the mordant is oxidi-
zed and

turns yellow , whereupon

exposure to light,this yellow CrVI
. . ITT
is reduced to greenish gray Cr

and hence dyeing will not be pleas -
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ant. For this reason wusually the
mordanted dye is not exposed to light
for a long time.

The effects of different acids
in three baths;mordant,wool without
dye and dyeing are listed in Table 1
: With

for comparison. regard to

reducing acids,it can be explained
that produced CrIII from reduction of
CrVI is bonded to carboxylic groups
[18]. ThereforehnndingclfCrIIIwhile
it is in boiling state will direct

the following reaction to the right.

2- +

Cr207 + 14H + 6e —= 2Cr3+ + 7H20
Table 1 shows the optimum acids con-

centrations. For acetig sulphuric and

formic acids it is 3% and for tarta-

ric acid 6% Therefore, mordanting

methods were based on these amounts.

0f the two reducing acids , tartaric
acid is more suitable than formic
2

acid because the reaction of Cr2072;:r
3+

Cr is carried out more easily by
this acid in each of the three baths.
Specially it can reduce almost all of
L VI IIT
Zx to Cr and complete the complex
formation and woel mordant dyeing.

Also sweet chrome mordant is prefered

to sour chrome. Particularly in dyeing

and wool without dye baths, acetic

acid is more successful in reducing
VI I1T .

Cr to Cr . However, in general

relative to sweet and sour mordants
the "reduced chrome" specially with

tartaric acid is more effective and

dyeing with this mordant is recoman-

ded.

CONCLUSIONS
Separation of the less useable
yeéllow dye and purification of impor-

tant dye of Golrang ( Carthamin ) by

sohxlet was successfully achieved
with a suitable yield. Wool dyeing
using potassium dichromate mordant

was carried out by carthamin dye and
showed a high washing fastness of
above 4. Wool moréanting was carried
out by three methods "sweet chrome ",
"sour chrome" and "reduced chrome ".
0Of these three methods, the last showed
better results,while sweet chrome
mordanting is prefered to sour chrome

mordanting.
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