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Spinbath regeneration plants for viscose fibre
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Mantong sunshine and Ebner start a revolution on energy-saving and efficiency-enhancement in the field of viscose fibre
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Conversion for spinbath regeneration plants of
normal viscose fibre
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Nantong Sunshine

Nantong Sunshine Graphite

Equipment Technology Co., Ltd. A

hi-tech enterprise certificated according to the
“Certification Method of Hi-tech enterprise
(version 2008)”, is one of the three largest
graphite equipments manufacturers in the world,
and one of the best 100 small-middle size
enterprises in China. Now, the company is going
to be a listed company.

The company has the provincial engineering and
technology research and development center
which is formed the nucleus of chemical,
environmental, material and engineering experts
at home and abroad. They apply themselves to
the development of environmental protect
technology for "3w" and the research of the
recycle economy development, and receive

preferable economical and social benefit.

The main product--the unitized technological
devices for recovery of industrial waster acid and
the high-efficiency heat exchanger--which are the
energy-saving and emission reduction products
and promoted as the national major energy-saving

products.

Nantong Sunshine is authorized as exclusive
agent of Ebner in Chinese market. To make use of
Ebner's technology we are able to design,
manufacture and erect the plants and supply a
turnkey engineering totally for the spinbath
regeneration during the viscose fibre production.
We also provide our customer with some kinds of
fitting and help customer improve the process,
solve the technical problems of spinbath

regeneration.
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Our company

In 1965 Mr. Karl Ebner established Messrs.
Ebner & Co. KG in Eiterfeld after many years of
responsibility as chief engineer at Messrs. Lurgi
in Frankfurt. It was his aim to supply the
engineering, process or plants of thermal process
engineering. By new and further development in
the field of viscose fibre and later on in general
chemical industry he and a frowing number of
qualified staff succeeded in securing exsiting
contacts and in establishing a satisfied clientele
all over the word. In this respect the efficient
organization of the company is of great advantage
without any unnecessary overhead. Basic
engineering, design and fabrication up to erection
are in one hand. By keeping flexibility and by
choosing reliable sub-contractors for special
components

plants of high quality are

manufactured.

In 1974 Mr. Stefan Ebner joined the company
after having finished his studies of process
engineering and he continues the tradition of
developing plants of mature technology and
supplying them at a reasonable price.
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Recycling of salt from
Spinbaths

(Spinbath regeneration plants)

In viscose fibre factories, where a chemical
regeneration takes place during the spinning
process and sodium sulphate and water develop
from soda lye and sulphuric acid, the so-called
spinbath is used and diluted. In former times this
spinbath was used once and then drained as
waster water. This caused enormous environment
Problems and high operating costs, and made it
absolutely necessary to regenerate the spinbath
and lead it back into the process, respectively
recover a saleable production from a part of the
spinbath.

In a regeneration plant the following process

steps are necessary:

——degassing (if necessary )

——evaporation

——crystallization of the glauber’s salt
——regeneration of the glauber’s salt to sodium
sulphate (melting crystallization)

EBNER is also specialized in the planning and
construction of complete spinbath regeneration
plants. Each plant section is designed according
to the prevailing conditions. As the planning and
the fabrication are in one hand, existing plant
components can be integrated. EBNER not only
constructs new plants, but is also engaged in the
conversion and extension of existing plants.
EBNER can design and supply the apparatus and
process with the newest idea for customer
producing Viscose Model and Lyocell. Advanced
process of regeneration of NMMO solvent has
been applied widely in the world.
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Degassing plants

In many processes of the chemical industry
hydrous solutions are enriched with gas which is
found to be troublesome when reusing the
solution (e.g. spinbath in viscose fibre factories).
There are different methods of degassing
solution. EBNER developed the degassing in

vacuum being one of the optimum variants.

In case of a single stage vacuum degassing the
solution is fed into a vacuum vessel. During this
procedure noxious gases and air are expelled to a
great extent. If a second stage is connected to the
first one in which at the same time water is
evaporated, serving as carrier gas for a better
degassing , optimum degassing effects can be
achieved.

Substances which are degassed in EBNER plants:

cair *H2S -CS2 -CO2 -S0O2

2-stages degassing plant in Indonesia/HlJE—
KR UKE
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Multi-stages evaporation plant with horizontal
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Evaporation-and

vaporization plants

Evaporation is the removal of solvents as vapor
from a solution or slurry. For the overwhelming
systems the solvent is water. The objectives is
usually to concentrate a solution; hence the vapor
is not the desired product and may or may not be
recovered depending on its value. Therefore
evaporation is usually achieved by vaporizing a
portion of the solvent producing a concentrated
solution, thick liquor or slurry.

EBNER plans, designs and builds
evaporation-and  vaporization  plants  for
concentration of solutions inorganic and organic
substances. Evaporation-and vaporization plants
may be operated under overpressure, normal

pressure or vacuum.
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——Circulation evaporation with or without

—— BB forced circulation;——falling film evaporators
——MEEKR ———vapour compression evaporation
— N ZE ——flash evaporators
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Solutions which are evaporated in EBNER plant

HER R ERE S TREREN VAT standard fibre spinbath sodium chloride solution
FRERR IR A KR TR BR L VAT special fibre spinbath sodium sulphite solution
MR LiRE SAENA R N Bk A filament fibre spinbath sodium sulphate solution
W BT TRAL AN A mixed bath polynosicfibre spinbath titanium dioxide solution
WREAERE  RERIVER waste water cellophane bath zinc chloride solution
WA ZHAERIAT pickling bath ammonium rhodanide potash magnesium oxide
K AR oil mixtures solution sodium carbonate solution
B R TR ammonium kerosene calcium chloride solution
T B ER T TR EEVE R sulphate iron sulphate solution aluminium sulphate
FRIR #h Vi WAL solution aluminate liquor solution
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Circulation evaporation

In circulation evaporators the solution to be
evaporated circulates in each stage through one or
several heaters, which are usually located outside
the evaporator and designed as tubular heat
exchangers or plate heat exchangers. The circu-
lation is effected either by the thermosiphon
effect (natural circulation) or by outside effect,
i.e. circulation pumps or air circulation (forced

circulation).

The heaters of EBNER circulation evaporators
are generally located beneath the solution level.
By hydrostatic pressure a premature evaporation
of the solution is impeded, thus preventing a dep-
osition and caking of substances at the heating
surface which may precipitate during evaporation
If the solution nevertheless is susceptible to
incrustation a fluidized bed heat exchanger which
is manufactured by EBNER, should find
application. In order to reduce the steam cost,
particular in case of large evaporation capacities,

designed

circulation evaporators are also

multi-stages.

Circulation evaporation with several exterior heaters/ 7 H % NS IIFAL HI TG 75K 7%
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Falling film

evaporation

compared to circulation evaporation falling film

evaporators preferably find application at
evaporation of heat-sensitive solutions and
solutions which are not susceptible to incrustation
In falling film evaporators the solution flows
downwards. In the head of the evaporator the
solution is evenly distributed through a proper
device over each heating tube and is led on the
inner surface of each tube and flows as a thin
liquid film downwards.

The tubes are heated with steam and the
evaporation takes place. The vapour the solution
run in parallel flow downwards. The concentrated
solution and the vapour are separated in the
vapour chamber in the bottom by means of

separators of special design.

Falling film evaporators may be designed single
stage or multi-stages. Vopour compression finds
application as well.

Kilhlwasser

cooling water
Lésungseintritt

solution inlet

Abluft
waste air

Kihlwasser

cooling water

T
Dampf = ==DT]
steam I | j
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I

Konzentrat
concentrate
Reinkondensa
pure condensate

Briidenkondensat

vapoeur condensate
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Flash evaporation

Unlike conventional circulation evaporators each
stage of which has its own heater circuit, the flash
evaporators has several stages and heaters which
are installed circulatory. At present this type of
evaporator is the most cost-effective one
regarding the operating cost; however, the
investment cost are quite considerable, and this
type of evaporator is suited for evaporation

capacities of more than abt. 5t/h.

Evaporator and heaters/Z5 K #3 FI I Ha¥

The solution being in circulation is heated in a
heater, after having prewarmed in several stages,
and after that flashed in several evaporator stages.
The solution is prewarmed in several stages in the
reboiler by the vapour which results during
flashing.

The solution may be fed into any stage of the
evaporator and also drained from any stage, i.e. in
EBNER plants the outlet temperature is allowed
to be higher than the inlet temperature.

of flash

evaporation plants is low. The consumption

The specific steam construction
depends on both, the number of stages and the

total temperature drop in the evaporator stages.
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Kihlwasser

cooling water
Kiihlwaszer

Vapour compression

evaporation

If the temperature difference between the heating
medium steam and the solution to be evaporated
shall be low, in order to avoid an overheating of
the solution, the plants should be operated with
vapour compression. Depending on the cost ratio
between steam and electric power, the follwing
methods may be applied:

Thermal vapour compression:

A steam ejector sucks in a part of the vapour
which develops during evaporation, compresses it
by the aid of live steam to a higher pressure and
temperature and leads it back into the heater of
the evaporator to serve as heating steam. Thus the
heating steam consumption can be reduced under
the steam consumption of a two-stage circulation
evaporation plant.

Abluft
wasfe air

Bridenkondensat
vapour condensate
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Mechanical vapour compression:

If the cost of electric power are lower than the
cost for the production of steam it is advisable the
operate the vapour compression by means of
electric power.
A mechanical turbocompressor does the
compression work. In this case live steam is
needed only for starting of the plant. Besides
single-stage radial compressors also multi-stage
machines and axial compressors may find

application.

Vapour compression may also be applied in
multi-stage evaporation plants and evaporation

crystallization plants.

Mechanical vapour compressor/Z577 [ E4G 1

13
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Crystallization plants

The crystallization serves the purpose of getting a
crystalline product from hydrous solution. By
evaporation or reduction of temperature the
saturation line of the substance to be crystallized
is exceeded and thus it crystallizes. Whether the
crystallization is

effected by evaporation

(evaporation crystallization) or by cooling
(cooling crystallization) depends on the solubility

behavior of the salt to be crystallized.

Vacuum crystallization is applied at decrease of
the solubility with dropping temperatures,
evaporation crystallization is applied at very
slight decrease or increase of the solubility with
dropping temperatures.

For example crystallization plants find
application for the separation of salts or salt
constituents from solutions and waste water, for
regeneration of pickling baths and spinbaths of
for the purification of any sorts of salts by

recrystallization. Crystallization plants may be

operated continuously or discontinuously.

15

Crystallization — plant  for  glauber’s salt  with

NH3-cooling/ T 4% g

e |t e N

8-stage cooling crystallization plant/8 B4 s
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Evaporation crystallization

If the solubility of the salt changes only a little at

fluctuating  temperatures  the  evaporation
crystallization preferably finds application. This
process is the crystallization of a solution by

vaporizing the solvent with the supply of heat.

The special design of the evaporation chamber
makes it possible to operate the evaporation
crystallizer as classifying crystallizer. In this case
the crystals are separated by classification
according to size in a sedimentation zone. The
coarse portion may be discharged through a

separate outlet while the fine portion remains in

suspension.

By the aid of an agitation system the turbulence
in the evaporation chamber can be enhanced.
Also evaporation crystallization plants may be
designed single-stage or multi-stage, with vapour

compression or without.

Left: evaporation crystallization and vapor pipelines
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Cooling crystallization

The solution may either be cooled by flashing
under vacuum or through cooling surfaces.

A drawback of cooling through cooling surfaces
is that the cooling surfaces incrust in case
saliferous solutions are cooled. Hence in most
cases remedial measures are necessary by means
of a stand-by heat exchanger, or a discontinuous

operation has to be accepted.

An alternative is the application of a self-cleaning
heat exchanger. EBNER has the licence of

manufacturing the so-called self-cleaning

fluidized bed heat exchanger, which was
developed by the Technical University Aachen,

and its sale all over the world.

By the fluidized bed technique the incrustation of
the heat exchanging surfaces is prevented to a

great extent.

Left: Principle flow sheet of a cooling crystallization
plant for production of CuSO4 X5 H,0 /7= /& CuSO4 X

5 HyO 1974 #1145 da i 72 16
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FeS0O4 X7 H,0

Na,S04X10 H,O MgS04 X7 H,0

Vacuum cooling crystallization plant for production

of MgSO4 X 7H20] E 4514 HI%E g3 /L7 MgS04 X 7TH,0
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Vacuum cooling crystallization

In this type of crystallizer the crystallization is
effected by cooling a solution or melt by the
adiabatic evaporation of the solvent at pressure
decrease. Hence no surfaces to serve the heat
exchange are needed which are susceptible to
incrustation in case solutions from which salts are
separated are handled, and thus the performance
of the plant is decreased. Consequently the
demand for an operation with large cleaning
intervals is met.

Vacuum crystallization plants may be designed
single-stage or multi-stage. By installing more
stages and a longer retention time of the crystals
are size of crystals may be determined.
Depending on energy cost the vacuum cooling
can be achieved in different ways, e.g.:
——application of steam efectors

——use of refrigerating agents (refrigerating
machine)

— —use of sulphuric acid or soda lye as

condensation agent

Specific fields of application:
Salts with adherent water molecules such as:1
CuS04 X 5H,0 FeSO4 X7 H,0

Na,S04X10 H,O MgS04 X7 H,0
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Melting crystallizer designed as evaporation crystallizer/ }& 4% dg
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Melting crystallization

(calcination)

During crystallization a number of salts which
precipitate contain crystal water, i.e. water
molecules are included in their crystal system.

These molecules have to be removed to allow a

further utilization of the salt.

A typical example is glauber’s salt (Na,SO,4°
10H,0). Under normal pressure it melts already
at abt. 33°C in its own crystal water. This led to
the idea of developing the melting crystallization
(also called calcining). In this case the glauber’s
salt is fed into a melting tank and is dissolved in
its own crystal water. By doing this a part of the
anhydrous crystals

precipitate. During

evaporation the remaining salt crystals

precipitate. The water is evaporated in
evaporation crystallizers which are equipped with
exterior heaters. These crystallizers may be
designed single-stage or multi-stage, which
vapour compression or without (mechanical or

thermal).

In addition to be conventional single-stage or

multi-stage plants EBNER developed another

20

type of plant to meet the economic requirements.
This plant works in pressure range. By this
development EBNER succeeded in minimizing
the problem of incrustation in the heater tubes.
The vapor which develops in the crystallizer may
be utilized as waste steam with overpressure by

other users.

Melting crystallizer with exterior heaters and condenser/
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Dampf

steam
Kilhlwasser
==

cooling water
— Dampf
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Principle flow sheet of a salt recycling plant
Inorganic salt is recycled as main product. It is dissolved again and is available as salt solution.
The unwanted salt components are elutriated and treated in a spray drier to solid mixed salt.
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Steam ejectors

Steam jet-pumps

EBNER manufactures steam ejectors and steam
jet pumps which find application in their own
plants and in plants of other plant constructors.
Steam ejectors suck in steam or vapor at low
pressure and compress it to a higher pressure.
They mainly consist of three parts: the power
nozzle, a head piece and a Venturi-shaped pipe,
the diffuser. In general steam serves as propellant.
But other gases may also be used.

The propellant flows with supersonic velocity out
of the nozzle, thus a sucking effect develops and
the gas particles existing in the head of the steam
ejector are entrained. In the diffuser the kinetic
energy is recovered to potential energy resulting
in an increase of pressure.

Any steam may overcome only a certain pressure
drop. In case of larger pressure difference several
steam ejectors are connected in series (steam jet
pumps ) in which case condensers are installed
between the stages in order to condensate the
power steam of the in front connected steam

ejector.
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BETH TS Tubular heat exchangers

AN PR RIE 51 AT B B T TS EBNER manufactures tubular heat exchangers
which find application in their own plants and
B v - M
TUH, BRI E RS s AR plants of other plant constructors.

T BRI AN A R b B AT Besides het exchangers with metal tubes also heat
exchangers with graphite tubes are built. Every

DURHRE L, BT SV BRI o R A S single one of these graphite tubes is inserted with

B, SN . SR 2R sealing rings in rubber-lined steel tube sheets so
that each tube can be expand freely. This makes a

HORV S SRR (s AR, RER RS BRI sealing of the lower tube sheet by means of a

BT . stuffing box superfluous which would have to
bear the expansion of the whole tube bundle.

Sperialabdichtung fGr Kohlenstoffrohre / Special sealing for
graphite fubes
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Vacuum cooling crystallization

Ever since the transfer or energy to complex
fluids(waste water, salt solutions etc.) has been a
great problem in the heat exchangers. The heating
or cooling surfaces incrust and this results in a
standstill of the

expenditures(cleaning, installation of stand-by

plant and considerable
heat exchangers etc.)

On basis of many years of research work at the
Technical University Aachen a self-cleaning heat
exchanger was developed which is based on the
fluidized bed technology. This makes it possible
to reduce the incrustation to a minimum.

The heat transfer (heating or cooling) is effected
in a vertical tubular heat exchanger; the energy is
fed in or led off shell side.

The fluid to be treated is inside the tubes and is
mixed with solid particles(fluidized particles) and
kept in turbulence. These solid particles have an
abrasive effect at the heat transfer surface thus
achieving a self-cleaning, i.e. a caking is impeded
and the heat transfer is improved.

EBNER has the
fluidized bed heat exchangers with metallic tubes

license of manufacturing

and the sale all over the world.

Solid particles in the inlet
chamber of the fluidized bed
heat exchanger/l Jitt K HH
s S o [T A AR
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Graphite tubes

A Phenolic resin graphite tubes

Through mixing process (graphite power and
phenolic resin mixed in certain proportion) and
extrusion process,(S00T extrusion machine and
300°C heat treatment). Nantong Sunshine can get
final products with good chemical stability,
physical mechanical character, anti-corrosion
character and stable heat stability. The allowable
temperature is 170°C

B Modified phenolic resin

graphite tubes

Compared with phenolic resin graphite tubes,
modified phenolic resin graphite tubes have better
anti-corrosion character and higher allowable

temperature.
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C Carbon fiber

reinforced graphite tubes

Compared with synthesis resin graphite tubes,
carbon fiber reinforced graphite tubes have better
strength, the Max. application pressure and

temperature is 1.5MPa and 200°C respectively.

D Graphite and impregnated tubes

Through graphitization process, impregnation
process, and heat treatment process, Nantong
Sunshine can get graphitized and impregnatd
tubes. The data of heat exchange efficiency,
allowable temperature, and working pressure is
15-20% higher than that of phenolic tubes.
Different synthesis resin will be selected for
different media.

E Wing-structure graphite tubes

There are two kinds of structure: internal

wing-structure and external wing-structure,
through the modification of the structure, the heat
exchange area enlarged, the heat exchange

efficiency increased.
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MNantong Sunshine Graphite Equipment Technology Co,.Ltd.

Medk: PECIHEBEZFREAFZXBANES
Headquarters: Kexing Road 3, Nantong Economic & Technological
Development Area, Jiangsu, China

BREL4RFE (P.C.) :226009
BiE (Tel) :0086-513-85170033
£H (Fax) :0086-513-85170033

E-mail:luhua.yin@sunshine-china.cn
jincheng.xu@sunshine-china.cn

www.sunshine-china.cn www.ntsssm.com
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Ebner GmbH Co. KG
it BEBRMNEFERETFRLANALBLS

Headquarters: Karl-Ebner-Strasse8, D-36132 Eiterfeld
BiE (Tel) :+49 6672 890 -181
fEE (Fax) :+49 6672 890 -139

E-mail:Dieter.Kremer@ebner-co.de
www.enberco.de
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