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With the recent increase in the printing of natural fibres, silk, the ‘queen of fibres’ is again increasing in popularity. Apart from: the
traditional industry of printing scarves, ties and evening gowns there is an increasing trend of more silk in the ‘young’ fashion areas.
Dyers and printers of silk have, for obvious reasons, kept their ‘know how’, based on many years of experience, secret and little infor-
mation on the practical processing of sitk has appeared in the technical literature. The present paper will attempt to review the prepara-
tion, dyeing and printing of silk based on our experiences in the laboratory, pilot plant and in some cases on practical mill experience.

1. INTRODUCTION

Silk fabric, because of its relative rarity, its unique lustre, softness
and drape has over thousands of years been considered the most
valuable and prized fibre available. Recent fashion trends have
switched very much to the ‘natural’ scene which has resulted again
in an increase in demand for silk fabrics, particularly printed articles.
Exact estimates of printed silk are difficult to give but figures in the
region of 150 million square metres are of the right order. Com-
pared with other fibres discharge printing holds a far higher share of
the production (in the region of 50-60%).

Table 1 gives a breakdown of the production of raw silk (Bombyx
Mori) over the last fifty years. The present importance of the
Peoples Republic of China can be clearly seen, together with the
relative decline of Japan as supplier of raw silk from 1938 to the
present. The importance of the PRC to the European silk industry
can be seen from Table 2 where 90% of the raw silk imported into
W Europe comes from the PRC, the major user being the Italian
industry { ~ 80% of imports} [1] (see Table 3).

TABLE 1

Raw silk production (Bombyx Mori) (in '000 tonnes)
{Production figure ex ‘International Silk Association’)

Major Countries 1638 1978 1980 1981 1982
Brazil 11 12 13
PRC” 4.8 190 235 260 260
South Korea 18 4.3 32 25
India 07 35 4.7 4.7 50
Japan 431 160 16.1 14.8 126
Thailand 0.7 Q0.7 0.7 07
USSR 19 4.0 43 43 43
Other 42 1.6 1.8 17 1.7
Total 565 502 555 56.1 54.0
* excludes Tussah Silk
** 1982 figures are estimates
TABLE 2
Raw silk imports - W Europe [1] (in tonnes)
Year Japan PRC Korea Brazil Other Total
1969 24 3096 114 138 162 3534
1975 2309 12 420 120 2861
1983 4440 108 72 4620
TABLE 3

Raw silk imports to major W European centres [1]

Tonnes (%)

[taly 3636 79

France 642 14

Switzerland 150 3

United Kingdom 102 2

W Germany 90 2
4620

2. COMPOSITION OF SILK

Silk, like wool is a protein fibre but contains some significant differ-
ences in its composition, particularly the absence of sulphur {cystine
links). A detailed comparison of the physical and chemical nature of
silk fibroin and wool keratin has been given by Asquith {2]. An
approximate indication of the chemical differences between them is
given below:

Wool keratin Sitk fibroin
% %
Amino acids (non-polar) 34 77
Basic side chains 10 34
Acidic side chains 24 27
Hydroxyl groups 22 17
Sulphur groups 10 0.3

Morphologically silk consists of two single endless filaments
surrounded by silk gum {or sericin). The silk gurn normally accounts
for up to 25% by weight of the raw silk.

3. FABRIC PREPARATION

Raw silk possesses none of the ‘lustre’ or softness that is normally
associated with silk. The supple handle appears only after the prep-
aratior: stage is completed — scouring of the raw silk is generally
referred to as ‘degumming’ (or in some cases ‘boiling-off’}. Depend-
ing on the degree of degumming a weight loss up to ~ 25% can be
expected together with a strength loss of ~ 20%. The loss of weight
and velume can be compensated for by subsequent weighting treat-
ments using metal salt solutions. However, with printing processes a
weighting treatment is rarely given as weighted silk can suffer fibre
damage during the steaming process.

Because of the delicate nature of silk and the well-known prob-
lems of mechanical damage (chafing, pilling, etc.) silk is treated with
extreme care {almost loving care) throughout all the wet processing
stages.

This is particularly true with the degumming stage which generally
requires extremely long process times. Degumming methods have
changed little over the years and the use of ‘star’ frames immersed
in tanks or older ‘home-made methods’ where individual pieces are
folded in book-form and suspended by one selvedge into the
degumming bath are still popular. A number of the earlier textbooks
e.g. [3.4] are still very relevant to the subject.

Continuous degumming ranges are now being offered by Mez-
zera - Kleinewefers SpA [5] and a number of units have been
installed in the Far East.

Dependent on the degree of degumming three classes of sitk
have been defined:

1. ‘Ecru’ Silk (Bast Silk)
- Barely degummed {maximum 4% loss} — only removes grease,
wax, and resin substances
2. 'Half -boiled Silk (Matt Siik)

~ The degumming loss is approximately 6~12% - the finished

sille still retains approximately half the sericin
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3. ‘Cuite’ Silk (Lustre Silk)

- Completely degummed silk with a soft handle and a high

lustre.

The degumming process can include some of the following
sequences:

Preliminary Soaking - Raw silk is soaked for 1 hour at 50°C, then
overnight in a cooling bath with 2 pts/1000 sodium carbonate.
Degumming Proper ~ Either a one bath or in some cases a two bath
method may be employed.
(i) One Bath Method:
treatment for 2-3 hours at 90-95°C in a bath containing: 10 pt/
1000 soap (olive oil type) 0.5 pt/1000 sodium carbonate or 1
ml/1000 ammonia (36° Tw)
{ii) Two Bath Method:
treatment as one bath method - reduce time to 1-2 hours
followed by treatment for 1 hour at 90-95°c in a fresh bath con-
taining: 5 pts/1000 soap {olive oil type) 0.3-0.5 pt/1000
sodium carbonate

The treatments in either the one or two bath methods are
followed by a mild alkaline rinse (1 pt/1000 sodium carbonate) at
50-60°C and a final rinse with warm soft water.

The use of soap in an alkaline medium, rather than a synthetic
detergent, particularly the ‘green olive’ pulp or ‘Marseilles’ soap, has
been the standard method for many years.

The use of synthetic degumming agents has been studied [6] and
promoted [7] as a means of reducing the processing time in degum-
ming and consequently reduce the incidence of ‘silk lice’ formation
(pilling) [8]. Their use appears limited at the present.

The efficiency of the dequmming process can be checked with
use of the Pauly Reagent [7, 9]. The degree of degumming can also
be checked by the use of Cl. Direct Blue 22 which will dye the
sericin but not the fibroin.

Bleaching of cultivated silk is normally carried out only for pale-
medium dyeings/prints and ‘whites’; for heavy shades particularly
for discharge grounds the bleaching stage can be eliminated. With
tussah silks (wild silk} a full white can never be achieved, at best the
natural brown colour can be bleached to a pale yellow.

A typical process would be a treatment for 2-4 hours at a
temperature of 70°C in a bath containing,

3 g/1000 Sodium pyrophosphate

1 g/1000 Ethylene diamine tetra acetic acid {30% soln)

13 ml/litre Hydrogen peroxide (35% wt/wt soln)
followed by a thorough rinsing stage.

4. DYEING OF SILK
Silk can be dyed by the typical dye classes used for the dyeing of
wool, viz,
(i) acid dyes
(ii) metal complex dyes
and (iii} reactive dyes
For discharge printing ground shades are normally selected from
acid and pre-metallised dyes. However, one dye manufacturer has
released a pattern leaflet advocating vinyl sulphone reactive dyes for
the ground shades and vat dyes as the illuminants [10]. A brief out-
line of typical dyeing methods for the above dye classes is given
below.

4.1 Acid and pre-metallised dyes

Traditionally, acid and pre-metailised dyes have been dyed under
mildly acid conditions. In the past the concentrated ‘soap’ sclutions
left after the ‘degumming’ stage were used as an excellent ‘natural’
levelling agent for the dyeing of silk. However, these have been rep-
laced by combinations of synthetic levelling and penetrating agents.
A series of dyeing methods has recently been developed based on
an efficient low temperature dye levelling and penetration assistant,
Unisol BT. These dyeing methods are based on both extensive
laboratory work and practical mill experience in the Far East. Table
4 and Figure 1 give a summary of the dyeing recipes and
procedures.
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TABLE 4

Dyeing of silk - dyeing recipes for acid and pre-metallised
dyes

Recipe 1 2 3 4 5
(%) (%) (%) (%) (%)
Unisol BT 2 2 2 2 2
Selected acid dye x X X x X
Ammonium sulphate 2 2
Acetic acid {30%) 4-6
Glauber salt 3 5-15
(g/l ta/
Soap 1 2
45-80 min 85°C for
methods
1,3and4
70°C for
Auxiliaries r;:::jog!s
Dyes
10 10

30°C

min ¥ min
Figure 1 - General procedures for acid and pre-metaliised dyes
on silk

Method 1 - is the best general dyeing method for silk fabrics in
winch, overflow machines or on a jig. For difficult fabrics (i.e. deli-
cate fabrics which are prone to creasing and ‘chafing’} the dyeing
temperature could be lowered to 70-75°C with only a slight loss in
colour yield.

Methods 2,5 — are recommended for dyes that are not exhausted
well under the conditions of Method 1. However the lower pH used
and the presence of Glauber salt could enhance the incidence of
surface chafing when dyeing silk fabrics of rough surface structure.

Methods 3,4 - these dyeing methods are still popular in some fac-
tories in the Far East. However, the addition of soap as a levelling
agent limits the number of dyes that are suitable. Methods 3,4 are
not generally recommended.

Owerall, the best dyeing method for silk fabrics is Method 1 followed
by Methods 2 or 5. For silk yarn any of these three methods is
suitable.

Table 5 gives a wide range of suitable acid and pre-metallised dyes,
together with recommended dyeing methods and discharge
performance.

4.2 Dyeing with reactive dyes

Recently there has been increased interest in the application of reac-
tive dyes on silk, Papers have appeared dealing with both the practi-
cal nature [11-14]) and the theoretical aspects [15-18] of the
dyeing of silk. The advantages with reactive dyes over acid dyes are
obvious in offering a wide range of bright shades with good fastness
properties. However, the acceptance of reactive dyes in those coun-
tries where discharge printing is popular has been limited due to the
claimed inferior discharge properties in certain shade areas.
Research work on silk dyeing has indicated that silk combines with
the reactive dyes in a chemical fixation mechanism [16] similar to
that for cellulose (i.e. under alkaline conditions and through hyd-
roxyl containing side chains, e.g. tyrosine). Typical dyeing pro-
cedures for dichlorotriazine reactive dyes (Procion MX dyes-ICI)
are given in Figure 2. Dyeing methods for vinyl sulphone reactive
dyes have been discussed by Putze [11]. Liddiard [12] and Rohrer
[19] have discussed the application of « Bromoacrylamide reactive
dyes to both cultivated and wild silk (tussah silk).
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Figure 2 - General procedure for Procion MX dyes on silk

Washing-off procedure for Procion MX dyes:
(i} Cold rinse with 0.5 g/1 Soda ash and 1.0 g/1 Calgon T -- 10 min
(ii) Soap at 60-70°C with Lenetol B cone. (0.2 g/1) for 10 min
(iii) Rinse with 1 ml/! of ammonia (25%) at 40°C for 15 min
(iv} Cold rinse
(v} Optional acid rinse with 1 gm/! acetic acid (30%) to improve
fabric handle.

5. PRINTING OF SILK

Printed silk has always formed a high proportion of the total output
of the silk industry. Articles such as ties, head scarves and ‘haute
couture’ dresswear have traditionally been printed with a range of
designs and colourings. Generally, because of the exclusiveness of
the finished article and the incorporation of dry cleaning labels little
regard to fastness performance has been given. This lack of fastness
performance is particularly true with discharge styles, where the
range of illuminant dyes provides extremely poor fastness levels.

TABLE 5

Silk can be printed by all the dye classes discussed in section 4 but
in general, with the exception of one or two countries, direct printing
is normally carried out using acid and metal complex dyes. Triphe-
nyl methane (TPM) based acid dyes, which have very bright shades
and poor fastness performance (light fastness in the order of 2-3),
have also traditionally been used.

5.1 Reactive dyes

Reactive dyes offer improved wet fastness performance and short
steaming times. A typical recipe for monochlorotriazine reactive
dyes is as follows:

(pts)
Dye (Monochlorotriazine reactive type) x
Urea 100
‘Manutex’ F (10% solution) 500

{Kelco International Ltd}

Matexil P-AL liquid (ICI) 30
Matexil WA-KBN (ICI) 20
Sodium bicarbonate 25
Water to 1000

Matexil P-AL liquid

— {mild oxidising agent — sodium nitrobenzene sulphonate)

Matexil WA-KBN

— (combined wetting and anti-foam agent — an aqueous emulsion of
sulphonated fish oil and pine oil)

‘Manutex’ F {Kelco International Ltd)

- typical low viscosity sodium alginate thickener.

Suitable Procion P dyes (monochlorotriazine reactive dyes) for silk

are available [20].

After printing the fabric is steamed under atmospheric conditions at

102°C for 10-15 minutes.

The wash-off sequence, preferably in open width form, should

incorporate the following steps:

Selected acid and metal complex dyes for dyeing silk

Dye C.I. Number (acid}

Coomassie Yellow R Cl Yellow 42
Neutrichrome Yellow S-GR C.I. Yellow 121

Nylomine Orange C-G C.I Orange 67
Coomassie Scarlet R C.l Red 97
Coomassie Scarlet B Cl Red 111
Nylomine Red C-2B Cl Red 138
Carbolan Rubine 2B Cl. Red 129
Nylomine Red C-G CIl Red 151
Nylomine Bordeaux C-3B  C.1. Red 119
Neutrichrome Orange S-R  C.I. Orange 144
Neutrichrome Red S-GN  C.I. Red 359
Milling Brill. Violet 2BR C.l. Violet 17
Carbolan Violet B Cl Violet 48
Milling Brill. Blue 2BR Cl Blue 83
Milling Brill. Blue 2J C.l Blue 90
Carbolan Blue 2G C.l Blue 175
Nylomine Blue C-BR C.l Blue 208
Nylomine Blue C-B Cl Blue 127:1
Coomassie Biue B C.I Blue 80
Carbolan Green 5G C.I Green 28
Carbolan Green G C.I Green 27
Coomassie Navy C C.I Black 26
Neutrichrome Nawy 5-B Cl. Blue 284

Neutrichrome Brown $-GR C.1. Brown 282
Neutrichrome Broun S-2R  C.I. Brown 357
Neutrichrome Grey S-BG  C.I. Black 188
Coomassie Black BN

Neutrichrome Black S-2B  CI. Black 107

Dyeing Method Dischargeability
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® & x x @ v, T
e O 00 N

o 0o 0 00 N)

® & x x @ v",+
¢ o0 00 N
e 0O < @ N

e o9 00 N

e 0o O e N)

e o o C e J

o e x 0@

o ® x 00 v

® o0 00 v -
e o0 0 0

o o 0 0 0 N
e o 0 0 0 J o+ -
e 80 0 o0

e ® - O O

e o0 C @

o 0 x x @

e 0 x O @9

o @& x O @

e e C O @ v+ -
o 0o < 00

e e x O @ N)

o e x O @ N

® & x & 9 N

® & x x @ .\/+_
e ¢ x o @

@ Suitable
O Less suitable
% Not suitable

./ Dischargeable with C.I. Reducing agent 2 based recipes. However degree of ‘white’ (and susceptibility to sub-
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+ Small gamut of dyes suitable as basis for trichromats

— Susceptibility to ‘darkening’ after prolonged exposure to light

REV. PROG. COLORATIONVOL. 17 1987 25




(i) cold rinse

(it) rinse for 5 minutes in water at 60°C

(iii) treat for 10 minutes at 85°C in solution containing 2 pts/1000
Lenetol B (ICl — a non-ionic ethoxylated fatty alcohol deter-
gent), 1 pt/1000 Soda ash

(iv) rinse in a solution containing 2 pts/1000 Matexil FC-PN (ICI -
a cationic fixing agent) acidified with acetic acid.

and (v) the fabric is dried without further rinsing.

5.2 Acid and metal-complex dyes

These are the most widely used group for the direct printing of silk
fabrics. ltaly, the largest market for silk in W Europe (Table 3), uses
these dyes almost exclusively for all outlets. A typical recipe is as
follows:

(pts)
Acid or Metal complex dye x
Thiediglycol 40
Unisol BT (ICI) 10
Urea 30
Hot water Y
Thickener 500
Acid generator (1:3 solution) 90
Water to 1000

Thickening agents used by printers tend to be combinations built up
from proprietary products. Typical products used as a basis are
crystal gumn, British gum, guar gum or tamarind based gum. Many
printers in [taly still use British gum, which has long disappeared
from the UK, normally in admixture with guar based products.

As acid generators, ammonium tartrate and ammonium oxalate are
popular. Ammonium sulphate, which is sometimes recommended,
can cause yellowing of the printed area under certain drying condi-
tions when thickeners based on guar gum are used and should
therefore be avoided. Typical acid and pre-metallised dyes used in
printing of silk have been listed previously [21]. Where brightness of
shade is important these can be supplemented by a number of tri-
phenyl methane based acid dyes which have, however, poor fast-
ness performance, e.g. C.l. Acid Red 52, C.1. Acid Violet 17, C.L
Acid Blue 83 and C 1. Acid Blue 90.

5.2.1 Printing conditions

Printing of silk is normally carried out on hand screen tables, semi-
automatic flat screen machines (e.g. Galli S A types) or automatic
flat machines. For good printing results the normal printing para-
meters of:

(i} screen mesh, (i) squeegee type and pressure used, (iii) printing
viscosity, (iv) number of squeegee strokes and (v) drying conditions
must be optimised for particular fabrics, designs and print machines.
Normally, screen meshes are extremely fine for silk printing - 25 T
(silk gauze number) corresponding to a mesh count of 186/inch (or
73/cm) is used although for particularly fine work even finer meshes
are used [22]. With hand tables the use of those tables having some
form of heating incorporated into the table is recommended (e.g.
steam-heated hand tables are popular in the Far East). It is also
recommended that some form of overhead hot air drying, such as
hot air ducts, is used. Prolonged air drying {via the normal hanging
methods) should be avoided particularly for printers based in tropi-
cal countries.

With automatic screen printing machines an efficient and controll-
able drier is normally available although some printers also incor-
porate an extra hot air drying system (by blowing hot air directly
onto the printing blanket) at various positions along the print
blanket.

5.2.2 Steaming and washing

Stearmning is normally carried out under atmospheric conditions
(102°C} for 30-45 minutes in a festoon steamer or a ‘star’ pressure
steamer {not operating under pressure).

Washing-off must be carried out under tensionless conditions as far
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as possible and normally consists only of a thorough rinse in cold
water (20°C} using copious amounts of water, followed by a warm
rinse with 1 pt/1000 of Lenetol B at 30°C and a final rinse in cold
water containing 5 pts/1000 Matexil FC-PN. Because of the deli-
cate nature and poor standard of fastness of the brighter TPM dyes
many printers make do with a cold rinse stage until the unfixed dye
is removed and then give a subsequent dye fixing treatment with
Matexil FC-PN.

6. DISCHARGE PRINTING OF SILK

The discharge printing of silk is one area where little technical know-
ledge has been published. Specialist discharge printers of this style
are found in ltaly, France, W Germany and UK in Europe and the
Peoples Republic of China, S Korea, Japan, Thailand and India in
the Far East although many designers / students etc. attempt to pro-
duce lengths for their collections. Detailed method are rarely pub-
lished either by the printer {for obvious reasons) or by the dyestuff
manufacturers. This section will give an cutline of the major pro-
cessing methods and highlight the essential points that printers new
to this style should heed in order to achieve satisfactory discharge
prints on silk. As with all discharge printing a considerable amount
of process development will be required by the printer under his
own conditions.

6.1 Dye selection for ground shades

Table 5 gives a range of selected acid and metal complex dyes that

can be discharged at a 1/1 standard depth using C.1. Reducing

Agent 2. However, no absolute statement can ever be made that a

particular dye is dischargeable to a satisfactory ‘white’ due to the

many factors that can affect the dischargeability, for example:
(i) particular acid or metal complex dye selected

(i) the depth of shade used

(iii) whether the dyes used in a particular combination have similar
discharge performance (it only requiries one dye of a combina-
tion dyeing to leave a small residual ‘stain’ to affect the accepta-
bility of the ‘white’)

{iv} susceptibility of a particular dye (or combination) to ‘darken’ (re-
oxidise) on exposure to light. This is particularly true with TPM
{triphenyl methane) acid dyes.

(v} type and concentration of reducing agent used

and (vi) print auxiliaries used in recipe.
The resultant ‘discharge’ can also be affected by the mechanical
parameters involved in the printing which govern the amount of
colour paste applied, the degree of colour paste penetration and the
final removal of the dye discharge products. Particular mechanical
aspects which can effect the final discharge include:

(i) printing method (hand screen methods can apply more print

paste than an automatic flat screen machine)

{ii) printing screen mesh selected
(i) drying method
(iv) fixation equipment and time of processing
and (v) efficiency of washing-off equipment
It is therefore vital to carry out initial trials on the selected dye at a
range of depths using the print recipe and equipment to be used in
bulk. Popular dye combinations should also be examined in the
same manner.

Grounds, are, in general, based on selected acid and metal com-
plex dyes. Reactive dyes can be used and have been advocated [10,
11] but their use in general is extremely limited in the main centres
of discharge printing.

Dyeing methods for ground shades have been discussed in
Section 4.1. A popular combination of dyes used in practice in the
main discharge markets are:

Coomassie Yellow R (ICI) - C.I. Acid Yellow 42

Coomassie Scarlet B (ICI} — C.1. Acid Red 111 or

Coomassie Scarlet R (ICI) -~ C.1. Acid Red 97

Coomassie Navy C (ICI) — C.I. Acid Black 26
supplemented by Milling Brilliant Blue 2J (ICI — C.I. Acid Blue 90)
when bright blues are required. {Note this TPM dye ‘darkens’ on
exposure to light.)



Also, a specific mixture acid milling dye, Coomassie Black BN (ICI)
- a mixture black specifically developed as an economic discharge-
able black for silk, is popular in discharge printing markets.

6.2 Printing stage

Reducing agents are used exclusively for the discharge printing of
silk. Resist methods, which have been developed for other sub-
strates (e.g. polyester [23]) in order to eliminate the need for reduc-
ing agents with all their inherent stability problems, have not proved
acceptable to the printers of this style.

Reducing agents used are normally based on formaldehyde stabi-
lised salts of sulphoxylic acid. Stannous chloride can be used
although the number of suitable grounds are restricted and today is
rarely used. Thiourea dioxide {formamidine sulphinic acid) - C.1.
Reducing Agent 11 although advocated is also not used.

In practice printers use: Cl. Reducing Agent 2 — sodium formal-
dehyde sulphoxylate (CH,OH-SO,Na) either alone or in combina-
tion with the inscluble calcium salt ~ C.I. Reducing Agent 12 -
calcium formaldehyde sulphoxylate — an insoluble form. When used
in combination with the sodium salt it gives much improved defini-
tion and a lower incidence of ‘haloing’.

A 30% aqueous dispersion of C.I. Reducing Agent 12 — ‘Rongalite
H’ liquid (BASF) has been introduced which overcomes the prob-
lems associated with the insolubility of C.1. Reducing Agent 12 — viz.
screen blockages etc.

A recent development from ltaly has been the introduction of
special formulation containing C.I. Reducing Agent 12 from Indus-
tria Chemica Ingredienti Tessili of Milan. This new product ‘Rodanil’
is proving popular with Italian silk discharge printers.

Currently, the majority of W European discharge printers {particu-
larly Italian printers} are using either mixtures of C.I. Reducing
Agents 2 and 12 or CI. Reducing Agent 12 alone. C.I. Reducing
Agent 6 — zinc formaldehyde sulphoxylate — although popular for
wool discharge printing, its discharge performance is inferior to
those of C.I. Reducing Agents 2 or 12 (or combinations of these
two). C.I. Reducing Agent 6 is rarely used in West Europe, although
it is used by some printers in Hong Kong and the Peoples Republic
of China (in the Shanghai area).

A considerable amount of work has been carried out on the mecha-
nism of the decomposition of sodium formaldehyde sulphoxylate
when used in discharge printing. A much simplified mechanism is
given below:

(i) decomposition of the agent:
H,0O
CH,0OH 50,Na — CH,OH SO,Na + 2H
I Na,CO,
H CHO + Na,50, + CO,

(i) destruction of the azo link in dyed ground:

Ar-N =N - Ar + 4H - AtNH, + ArNH,

Dye Decompoasition products (amines)

6.2.1. Print recipes
The following components are normally found in typical discharge
recipes:

White Coloured
{lluminant)
(pts) (pts)
Urea (Note 1) 0—50
Thiodiglycol {Note 2) 10-30 10-30
Unisol BT (ICI) {Note 2) 10
Reducing Agent (Note 3) 50-150 50-150
Thickener (Note 4) 500-600 500-600
Zinc oxide {Note 5) 50 pts
Stability improvement {Note 6} 0-20
agents
Fluorescent whitening {Note 7) 0-10
agents
Water to 1000 1000

Note 1 - Hydrotrope agent, amount depends cn the dye to be dis-
charged and the steaming equipment. For the older
festoon stearmer or ‘star steamer urea can be omitted.
Urea is not normally found in the illuminant recipes.

Note 2 - Hydrotrope agent comments as above. Uniso!l BT also
assists in solubilisation of the illuminant dye.

Note 3 — Normally a combination of sodium and calcium formal-
dehyde sulphoxylate - amounts obviously depend on
depth of ground shade.

Note 4 - Thickening agents are normally based on galactoman-
nans either used alone or in combination with starch
based products (e.g. British gum is still a popular compo-
nent in a thickener mixture used by Italian printers). Par-
ticular blends available from the thickener manufacturers

include:

Indalca M747 {Hercules plc)
Meypro—Gum NP-16 (Mehyall AG)
Guaranate GC/250 (SFC)

Printex PS$/14 (Lamberti SpA)
Polyprint $-240 LV (Polygal AG)

Note 5 - Zinc oxide (normally a 1/1 paste) gives an improved
‘white’ and also acts as a buffer preventing fibre
degradation.

Note & — Some printers recipes include a mild oxidising agent e.g.
Matexil P-AL (ICI ~ sodium m-nitrobenzene sulphonate),
sodium chlorate or sodium nitrite in the illuminant recipe
in order to improve print paste stability.

Note 7 — Some printers also incorporate an FWA which is stable to
the reducing agent.

The range of illuminants stable to reducing agents such as C.l.

Reducing Agents 2 and 12 is extremely small and many of those

dyes suitable have extremely poor light fastness (figures as low as 1-

2) and ‘effect’ changes in an ISO 1 wash test of 2. Table 6 gives a

small range of dyes which are stable to the reducing agent normally

used. Some specialist firms, in markets where discharge printing of
silk is popular, use this small gamut of available illuminant dyes and

mix a full range of illuminant dyes (e.q. Rota SpA of ltaly).

TABLE 6
Dwyes suitable as illuminants in silk discharge printing

Dyes Examples
C1. Direct Yellow 28 Solar Yellow BG (S)
CI. Acid Red 52 Sulfacide Brill. Pink 3B (ICI)
Cl. Acid Red 87 Easine DA (ICI)
Cl Acid Red 195 Neolan Pink BE (CGY}

C.l1 Acid Violet 90

C.1. Basic Blue 3

C.l. Reactive Blue 198
C.l Direct Blue 106
C.l. Acid Black 2

Neutrichrome Bordeaux M-B (ICI)
Yoracryl Blue 5G (YCL)

Pracion Blue H-EGN (IC])

Diazol Light Blue 2F 2JL. {ICI)
Nigrosine G140 (ICl)

6.2.2. Printing method

Due to the small lengths printed, the printing methods are normally
confined to hand screen, semi-automatic tables (e.g. Galli S A types)
or automatic flat bed machines. The normal screen printing para-
meters, screen mesh, squeegee pressure, printing viscosity and type
and number of squeegee strokes, have to be adjusted for a particu-
lar design and a specific fabric.

With hand tables the use of those tables having some form of heat-
ing into the table is recommended (e.g. steam or electrically heated).
It is also common to find some form of overhead heating in order to
assist drying between screens.

6.2.3. Post printing operations

Steaming is normally carried out under atmospheric conditions for
5-20 min in a ‘star’ steamer or a more normal festoon steamer.
With an efficient steamer initial trials should concentrate on short
steaming times (5-10 min) as prolonged steaming, besides giving
rise to "halos’, can reduce the illuminant colour vield.

Washing-off should be carried out using mild conditions, in open
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width if possible, with a good exchange of liquor in the initial cold
rinsing stage as follows.
(i} rinsing cold — C.I. Basic Blue 3 normally requires a longer rins-

ing stage than other illuminant dyes

(ii) mild soaping — mild soap with 1 pt/1000 Lenetol B at 30-35°C

(iii) cold rinsing

(iv) after treatment with a cationic dye fixing agent (e.g. 5 pts/1000
Matexil FC~-PN).

The final finishing of silk discharge prints is normally restricted to

either a ‘scrooping’ or ‘softening’ stage. Scrooping is carried out

using lactic acid {10 pts/1000) for 5-10 min in the cold followed by

drying. As the final handle of silk is an all important selling feature

the softening (chemical), anti-crease or elastomeric finishes (increas-

ing in popularity) on silk tend to be closely guarded process secrets

of the dyer or printer and little detailed information has been

published.
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