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ABSTRACT

Alm of the project was the optimzation of t he
technol ogi es enpl oyed for the degumming of silk, together
with the study of various separation processes, in order
to obtain from the waste waters “pure” sericin, which may
be used in other industrial fields.

For this research it was decided to enploy and conpare,
according to the previous results, ultrafiltration
menbranes , either alone, or coupled with ion exchange
fabrics, examned by I.T.F.

I NTRODUCTI ON

The "degumming" is a particular process carried out by
specialized silk finishing/dyeing factories, aimed to
renove the cover of the raw silk yarn of fabric, called
“sericin” and leaving the silk core, nade of fibroin.

The degumming iS mainly carried out in a traditional way,

that is, the silk yarn or fabric is placed into ‘'star"

machi nes, together with water at a tenperature of gg°¢
and with the addition of sonme chemcals, such as
surfactants and soda. Wth this treatnent the raw siilk
leaves into the water its sericin cover, which is

di scharged together with the degumming bat h.

Anot her degumming process which is presently used IS the
technology at high tenperature; in this case, the silk
product is placed into autoclaves together with water at
a tenperature of 120°C and in alnost conplete absence of
chem cal s.

In both cases, the discharged degumming baths are hjghly
pol luting, due to their sericin (organic) content.

The two mentioned degunming processes are performed by
two textile partners inside our research programme. |t
must be anyway taken into <consideration the direct
degunm ng of cocoons or other wastes (specific for the
"schappe'" siik) performed for exanple by the associated
partner CaASCAMI SETA.

Some |aboratory tests over sericin separation had been
already carried out in the past, ‘enploying various
met hods, but none of them represented a system syitable
for the use on industrial scale.

TECHKICAL DESCRIPTIOR

The research subject of this CRAFT project was devel oped
into three main steps:

- First of all, several analyses were made in order to
determ ne the conposition, physical-chenical aspect and



behaviour of sericin AFTER the degunm ng process; this,

in order to know as nmuch as possible this particular
substance; during this stage, the task was to spot, by
nmeans of a liquid cromatographic process, the
distribution of the nolecular weights of sericin
downstream the degunming process, this in order to
determ ne its re-employment range.

Secondly, all the possible separation technol ogies were
investigated, in order to optimze the degunm ng
process wth the best separation, by means of
ultrafiltration nmenbranes and of ion exchange fabrics.

Previous |ab analyses were followed by tests carried
out at FILTEX-COMO and PROVERBIC facilities, on |little
pilot plants.

The running data of the pilot plant at FILTEX are the

foll ow ng:
v, = 10 m
C = 15 {(g/l) (sericine)

cdp = 20,000 (mg/1)
while the operating conditions are:

P = 3.5 bar
T = 30-40°C
VCR = 5

J 15 {1/m?*-h)(average value)
R% cop = 97%
R% ser = 95%

= 80% {water recovery)

These tests were of preminent inportance, since the
treated baths came from two different degunm ng
processes, as already explained. In particular, the
FILTEX baths derived from high tenperature degumming
(wth autoclave], while the PROVERBIO ones derived from
traditional degumming (with star. machines).

During this stage, several types of nenbranes and on
exchange fabrics were enployed, both in l|laboratory gand
directly on the pilot plants in the tw factories,

this, in order to find the best possible technical

sclution as per efficiency, cost and si npl est
mai nt enance.

In the same time, market researches were made, in order
to find all the possible markets for the recovered
sericin.

at the Dbeginning of the project the cosmetological
sector was considered, for recycling the recovered
sericin, due to the experience of sone enterprises in
the past and alsc because this appeared as the sector
with the best quantity/price ratio.

Neverthel ess, during the devel opment of the project,
ot her sectors were explored, since in this case sericin



could be recycled with greater quantities and wth
mar ket eval uations which are proportional to its purity
grade.

4. RESULTS

The several tests carried out by ENEA and I.T.F.-LYON in
lab and in the factories denonstrated that the separation
of sericin from the degumming baths 1is technically
possi bl e.

The distribution of the nolecular weights of sericin
obt ai ned by exam ning the sanples of the degunm ng paths
provided by FILTEX-COMO is represented into the diagram

(a) .

The optimzation of this process has been conpleted, by
focusing anmong the several enployed ultrafiltration
menbranes and ion exchange fabrics, those ones with the
best per f or mances, also according to the type of
degumming process which is carried out.

The different nethods for concentrating and separating
sericin jinfluenced as per nolecular weights and so it
came out the possibility to obtain from the sane
originary product different fractions, to be conveyed to
possi ble different markets.

In particular, the cosmetologic market could treat the
pr oduct with hi gher ol ecul ar wei ght, while the
phar maceuti cal sector could better re-use the product
with [ower nol ecular weight.

Here are a couple of exanples of separation obtained wth
ion exchange fabrics and with U.F. nenbranes:

Example A filtration through ion exchange fabrics (see
diagrams ref. A - ref. Al — ref. EA)

Exanple B: filtration through Carbosep mneral menbranes
(see diagrans "bain initial" — "permeat 4.4").

The market researches were ained to focus the pest re-
enpl oyment field for the recovered sericin.

Si nce the industrial sector where sericin can be
evaluated at the utmost, even if the required quantities
are particularly 1low, is cosnetology, sone tests were
done in order to prove the non-allergenity of sericin
(with positive results), but these tests still have to be
conpl eted by further anal yses.

The allergenicity tests were perforned at the Institute



BICMATECH (France) over pure sericin, obtained with the
degumming of sterilized cocoons at the Institute I.T.F.

Gt her possible re-employments were investigated and
another field where huge quantities of sericin can be
used, though with a | ower evaluation in conparison wth
the cosmetclogical industry, is just the textile sector.

In fact, as per our studies, sericin could becone an
opti mal sizing agent for synthetic yarns, in order to
speed up their weaving process. The use of sericin in
this case would replace all the chemi cal resins which are
presently enployed at a much higher cost.

This proposal already encountered positive reactions in
the sizing agents producers, which are well disposed to a
possi ble industrialization of the previous weaving tests
made by I.T7.F. with a little sanple of polyester yarn.

There are other industrial sectors which could be of
interest for a re-use of sericin, but the evaluation of

the product would be lower than in the cosmetolcgical
field.

They are:

1) The animal fodder industry, where sericin could
represent a precious additive to the normal feeding
of animals, such as cattle;

2) The direct feeding of the silk worm in this case,
the replacenent of the traditional nulberry |eaves
could lead to a piloted breeding of the silk worm
This neans the possible elimnation of the silk
seasonal production, wth consequent practi cal
advant ages.

3) The use of sericin as additive in specific cleansing

agents for wool. It was found that sericin can give
t hat particul ar soft hand”, typical in sonme
softeners.

CONCLUSIONKS

Since our market researches about the possible re-uses of
sericin gave Uus wvarious possibilities and since the
encountered possible final users of sericin showed great
interest for our proposals, we do believe that further
researches have to be done, in order to spct where and
how sericin can be re-employed in the best possible way.

The first industrial prototype plants will be set up at
FILTEX-COMO and PROVERBIO facilities and the recovered

wn



quantities of sericin will be the first test stand for
the industrial application of this product.

In conpetition of the research, an econom c analysis of
a possible industrial application based on parameters
suppl i ed by FILTEX-COMO was devel oped.

The process cost analysis has been based on the
ultrafiltration treatnent.

‘The costs for the degumming solution treatnment and

overall the costs of the process would be discussed on
the basis of an economc scheme used at Daimler Benz
facilities, for testing a coupled microfiltration and

ultrafiltration process to treat oily waters.

The unit would run 10 h/d for treating 10 m* batch
produced per day.

At present the cost of the ultrafiltrati on membranes Can
be assessed at about 150 Ecu/ni, so the cost of the plant
(50 m* of nenbrane area) would be of about 30,000 Ecu

The energy consunption per cubic mneter of treated
sol ution produces very cheap power costs: 1,000 Ecul/year.

Water costs for menbrane washing are also uninportant,

even if a very high water consunption has been considered
{(about 2-3 m®/d): 500 Ecu maxi num per year.

The item taken into consideration for @ process cost
eval uation corresponds to a sinmple UF treatnent followed
by a biological treatment of the permeate and menbrane
washi ngs and recovery of sericin fromconcentrate. This

| ast step, perforned via spray-— drylng (yield 50%) on a
sericin waste concentrated at a VCR = 4 can produce

about 40-80 kg of protein per day (12-24 tons/year) in
case of sericin concentration in the starting waste

solution of 10-20 g/l {see next chapters)

1f the UF concentrate (sericin solution) is considered a
“product”, its end use should be oriented in order to
i mprove the econom ¢ bal ance of the process.

The use of the concentrated sericin solution  can
represent, according to different hypothesis, a direct
revenue or require additional expenditures to Up—grade
the “quality-prize” of the by-product.

From the point of view of the waste waters treatnent,
various hypothesis can be done about the efficacy of the
ultrafiltration on the contribution of the “degumm ng
solutions to the overall waste stream Such hypot hesi s



will consider a factory producing a global anount of
was te waters of 700 m*/d with a COD level of 1300 mg/l,
for which the biological treatnent costs about 0.60
Ecu/m?®.

Wast e waters contain also netals, dyes and ot her
pol | ut ants. Besi des, the FILTEX-COMC degumming Process
contributes wth 120 ni/d at a COD |evel of ~10-30,000
mg/ 1. The real conposition of the waste waters stream
excluding the degumm ng contribution, is unknown, but its
cOD |l evel can be evaluated at about 600 mg/1.

Three different schenes about the process eval uation are:

a) biological treatnent of the overall waste waters
with a corresponding cost of about 136,000 Ecu/year

by wultrafiltration of the degumming contribution of
sericin recovery (UF concentrate sol ution] and
bi ol ogical treatnent of the stream obtained by m xing
the wultrafiltration pernmeate wth the min waste
waters stream

According to this hypothesis, 690 niof waste nmain stream
are mxed with 8 m* of ultrafiltered perneate with ¢¢p =
2000 mg/1, which practically does not change the COD
level of the receiving stream The cost for t he
bi ol ogi cal treatnment are then reduced to 63,000 Ecu. The
ultrafiltration treatnent cost nust be added.

The revenues are represented by 2 nmiof sericin solution
at 40-80 g/1, whose value can be assessed in 0.50 Ecu/kg

of dry protein. The revenues are then between 12,000 and
24,000 Ecu/year.

c) ultrafiltration of the degumming contribution for
sericin recovery (UF concentrate solution) and reverse
osnosis treatnent of the stream obtained by mxing the
ultrafiltration pernmeate with the min waste wate,
stream

This hypothesis corresponds to the aim of recovering a
val uable high quality process water, in order to optimze
the management of the water process supply and waste
water final treatnent.

According to the results obtained during the RO tests on
the UF perneate, at a VCR = 18, a quantity of 628 m® of
water with CoD = 75 mg/l could be obtained from 698 niof
initial Ro feed (690 from the nmain waste water stream and
8 from the UF perneate). A Ro unit equipped with 70 m? of
menbrane woul d be needed. Considering a cost of about 250
Ecu/m? and the sane cost evaluation done for UF, the RO
process costs can be calculated. The energy consunption
corresponds to a RO perfornmed at 35 bar vvit% a recycling
flow rate of 5 m*/h.



The <costs seem quite relevant but in the present
hypot hesis two revenues have to be considered:

— the quality of the recovered water (600 m®’/day) for
process application wth a value of 0.35 Ecu/m*® (if
conpared to the normal water supply) or 1 Ecu/ (m® if
considered as demineralized water); only 100 nmi are
daily supplied to the water supply.

- the saving of the final biological treatnment for at
least 600 m*/day of recycled water.

From the forecasting elaborated by ENEA, it cane out
that the wuse of the simple UF schene represents an

economical saving on the overall waste waters treatments
costs .

Moreover, the inprovenent of the quality of the sericin
by—product can represent the way for increasing the
usef ul econonmic balance of the total treatnent and
recovery process.

The recovered water from the cost point of view is
I nconsi der abl e. However, in case the total waste waters
are treated with RO, a little further saving can be
obtained. It is inmportant to point out that if the
degumming solution, W thout any processing, could be
stored separately from the nmain waste water stream

(biologically treated) and treated once a vyear, the
glcbal treatnent cost would be:

3,000 Ecu/year for the collected degunm ng sol utions;
— 62,000 Ecu/year for the daily treated waste waters.

The annual total cost would be of 92,000 Ecu wth a
saving of 118,000 Ecu/year.

The recovered sericin (UF perneate solution] can be
furtherly processed for different proposed end-uses.
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