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Abstract: In this paper, the ME and MVR salt production process and
operation are compared. It’s concluded that both ME and MVR are advanced
salt making technology, and have its own advantages, and can’t be fungible
by each other. Thus a new innovative idea of salt making is proposed to
combine the advantages of ME and MVR. This idea could show the

compatibility for both technology.
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Evaporation is the main process of salt production.
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The preparation of solid sodium chloride from sea water, Saline Lake
brine or well mineral halogen water must be concentrated by evaporation so
that the crystallization of sodium chloride can be precipitated. The history of
"boiled seawater for salt", "lake water solarizaiton for salt", "saline soil
scraping and elutriation", "wood burning for brine concentration", and
modern multi-effect vacuum evaporation (ME), mechanical vapor
recompression (MVR) salt production technology, the actual quality is
through evaporation and concentration of sodium chloride to precipitate the
crystallization of sodium chloride. The development of salt making
technology is essentially the progress of evaporation technology.
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China's salt making technology, especially the deep well drilling
technology in well salt area, has always been in the leading position in the
world. In modern times, with the pace of industrial revolution, the
evaporation technology of salt making in the West has developed rapidly. In
1887, LM. Duncan used single effect evaporation tank to make salt in New
York firstly. In 1899, the Manis tee Irom work (US Irom work) first used
multi-effect vacuum evaporation to make salt, which made the evaporation
technology significant changed. In 1885, the French salt factory of Salet used
the heat pump method for the first time to carry out the experiment of
evaporation and salt making. In 1930, the Swiss Eschcr Wyssco company
developed a centrifugal turbine steam compressor, successfully using it to
heat up the secondary steam produced by evaporation and it’s the first
reference of salt making by MVR evaporation system.
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In the same time, the salt making technology in China still stays at the
level of "salt producing in the pan". Although Xiao Jiagan, a scholar who
studied in Europe and America in 1939, succeeded in testing the "vacuum

machine" in Zigong, and invested the factory in 1942 after obtaining a patent,



he failed because of the lack of technology and the shortage of funds. In a
later time, the southwest salt company hired a famous scientist, Hou de bang,
as the chief engineer to prepare a vacuum evaporation plant. But due to the
shortage of funds and difficult foreign exchange raise, this vaccum
evaporation plant also became a difficult dream.

1958 FHEHAME EEHFH, LRV EXRRBFREE
FTIRITWLERUAEF AR AR ORERET RS AZSER
flE KBRS, BT T REEZRLAGZON TR A, REWEZR
mald R ENTEAMNNEIKR, R RKA. HEl, 60 FHEE 100 77
ol B 1A B A A R A AT RN IEAT . 1986 4F B T K K L 10 HALK
WEFEL R FIFEKEMNTIH, 2011 F+FEa IR 100 7 4
WM EHZ R R Fl@ X EWEARE”, FREFAZELTEXA
T—M#FHmEE, AT EANE, MHEIZEAEEEAF TER
THEmW#RY, EROFEZFENRHE; WRFAEZTZHA, TEXR
WE WA EH, TR TIIHH

In 1958, the foureffect forced circulation vacuum evaporation salt plant
was put into production by the famous salt expert Mr. Wu Luping, a famous
salt expert. It opened the curtain of the vacuum evaporation and salt making
in our country. Since then, China's vacuum evaporation salt making
equipment has grown from scratch to development. At present, 600 thousand
tons or even 1 million tons of five-effect vacuum salt production line has
been put into operation continuously. In 1986, the introduction of 10 tons

mechanical thermal compression evaporation (MVR) in Zhangjiaba, Zigong,



and the completion and production of 1 million tons mechanical thermal
compression evaporation (MVR) salt making device of mid salt Jintan in
2011 have given new choice to salt evaporation process selection inour
country a new choice. It is undeniable that, although the ME salt making
technology has made obvious innovative progress, there are few substantial
breakthroughs; MVR salt making technology and even key equipment, such
as large compressor, are still in the introduction stage.
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It is a serious problem that we must think deeply and earnestly explore
how to choose and explore a development path which is in line with the
national conditions of our country and to raise the overall salt industry to the
international first-class level.
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ME and MVR salt making process
2.1, ME &5 MVR L
Mechanism principle of ME and MVR
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Multi-effect evaporation (ME) is to connect multiple evaporators as one
operating system. Generally, the air condensers are used to make the
secondary steam condenses rapidly and form a "vacuum". The evaporation
pressure in the multiple evaporation tank group is moved in turn under the
different state of the positive pressure and the "vacuum". The heat transfer
from high temperature to low temperature is achieved. The boiling point of
the liquid in each effect evaporator decreases with the pressure drop to form a
kind of multi-effect evaporation process with the coexistence of positive
pressure and vacuum coexistence of descending boiling evaporation and
concentrated crystallization.
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MVR is the abbreviation of the recompression technology of steam
machinery. It is a steam heat lifting device that improves the utilization of
low-grade secondary steam temperature by mechanical compression. Its
essence is based on the principle of Boer's law, and the compression work is
instantaneously converted into internal energy of steam, which makes the
volume of the two steam reduced, the pressure, the enthalpy and the

temperature rise, as a heat source instead of fresh steam, and the evaporation



process of boiling evaporation and condensation crystallization of the liquid.
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Discussion of salt making process of ME and MVR
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Multi-effect vacuum evaporation (ME) is usually produced by coal as a
fuel to produce steam power generation, and then the back pressure steam is
then evaporated to make salt. Compared with the cycle of pure power
generation, cogeneration can reduce the thermal efficiency, but because of
steam power generation, the low pressure and low temperature steam are
evaporated, and the steam has been used many times. It not only provides
electricity for evaporation of salt, but also provides heat energy, and the total
energy utilization rate is significantly improved. It is a kind of energy saving
technology mode of multi-level and comprehensive utilization of electric
energy and heat energy. In areas where coal resources are relatively abundant
and prices are low, the advantages are obvious. It is the most rapid and

widely used technology in salt making industry in China and even in the



world.
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It is undeniable that with the increase of efficiency, equipment
investment, power and operation cost will increase, and the heat loss of
equipment and pipeline will also increase correspondingly. Moreover, the
total temperature difference between the first effect evaporator and the end
effect mixed condenser is certain. Temperature difference is reduced by 8 to
10 C for each effect, and actually the production capacity is lower and the
energy saving effect is reduced if exceeding several effects . At the same
time, the total effective temperature difference of the evaporation system is
mainly achieved by using large amount of cooling water to directly contact
with secondary steam from end effect, thus the steam condenses quickly,
together with NCG removal from steam/water spray devices and vacuum

machine units, resulting the improvement the final effect vacuum degree.



Taking the China salt Yulin as an example, the local altitude is about 1000
meters, and the corresponding steam saturation temperature is 47. Therefore,
the final secondary steam containing 600 kilos / kg of heat can not be used

again, and a large amount of  cooling water is needed to cool and

condensate.
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Whether or not using IV or V evaporation, positive or reverse
circulation process, forward flow or reverse flowor advection flow or cross
flow, many people in this industry have made researches and practices, hence
these will not be discussed here.
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The steam mechanical recompression (MVR) salt production is
generally used by the motor or steam turbine to drive the compressor. The
secondary steam is compressed, thus its pressure and enthalpy are lifted and
could be reused.
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The heat of initial steam is transferred outsideof heating chamber tube
and initial steam will condense after heat release. The brine absorbs heat in
the tube process and secondary steam will be produced by evaporation . This
steam will enter vapor washer after defoaming. Condensate is used for
countercurrent washing in vapor washer, and salt and other trace impurities
entrapped in the steam are eliminated. Then this secondary steam will be
supplied to compressor and pressurized to increase the temperature. As a
heating source, heat of secondary steam will transfer into the heating
chamber. After start-up and operation, the steam will be stopped as long as
secondary steam reaches the required quantity of normal evaporation. The
compressor will take in secondary steam and make it heated by
pressurization. It will continuously supply heat to brine for reduplicative
evaporation. Part of the condensate is used as washing water for secondary
steam, andpart of the water i1s fed to preheater to raise the initial temperature
of feed brine.
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MVR is to replace a large amount of heating steam (coal consumption)
by supplying a certain amount of compression work (electricity consumption
or steam consumption). Compared with multi-effect vacuum salt making, the
secondary steam has been fully reused, and condensation circulating cooling
water system has been abolished, and water and electricity have been saved.
At the same time, due to the shorter process route and lessheat loss of
equipment and pipeline in production process, effect of steam saving and
energy saving is obvious. MVR process is relatively simple, high degree of
automation, high utilization rate of steam, less heat loss, energy saving and
environmental protection. The MVR driven by electric drive can truly save
energy, and it’s clean and environmental friendly, and has unique
development advantage in rich hydropower and nuclear power areas.
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It can not be denied that the temperature rise of secondary steam is by
converting mechanical energy to steam energy under driven of electricity or
steam compression. According to the second law of thermodynamics, all
actual processes have irreversibility. From the point of view of energy
conversion, irreversibility means the devaluation of energy and the loss of
available energy. For the compressor, the suction temperature and the
required pressure rise, temperature rise, internal efficiency, adiabatic
efficiency, variable efficiency, multi-square exponential kappa and the molar
mass of the inhaled gas M, determine the power consumption of the
compressor. And the efficiency can only reach about 85 to 90%. At the same
time, the actual coupling power and mechanical loss of prime movers
(motors, turbines, etc.) must also be considered. How to reduce irreversible
losses and improve efficiency is a topic that needs careful study.
2.3, ME 5 WVR XREZTER UK
Comparison of operation effect between ME and MVR device
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Taking the 1 million ton vacuum salt production line of China Salt Yulin
and the 1 million ton mechanical recompression salt production line of Jintan
salt as an example, a simple analysis and comparison of the operating effects

of the two kinds of devices are made.
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The production of 1 million tons vacuum salt production in China Salt
Yulin adopts the five-effect evaporation process of "positive circulation, axial
feeding, advection feed, separation of salt, salt foot cleaning heat recovery,
gypsum crystal seed anti scaling, and flow centralization of gypsum". Using
pretreatment to remove CaCl2 from CaSO4+ CaCl2, feed brine is then sent to
crystallizer for salt production. After the mother liquor was separated from
gypsum, the salt was reused again after simple treatment. At the end of
November 2011, the steam power balance production was basically realized.
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5 B12-3.43/0.49, KX #®ALE 5 QF-12/15-2) K KX #w#hE K m i AR
10250m? (#2040 #4 & R 2050m?)

All the equipment and materials were selected from domestic brands.
Standard configurations are selected for furnace, machine and electricity.
Circulating fluidized bed boiler (model CFB-130/3.82 rating evaporation
capacity 130t/h; outlet steam pressure 3.82MPa outlet steam temperature

450), with 12MW back pressure turbine generator unit (turbine model B12-



3.43/0.49, generator model QF-12/15-2). Total heating area of heating room
of evaporator is 10250m2 (heating area 2050m?2 for single effect).
2014 4 2 & PR BT 1A 5 338 K, SLBRFEEIA 124

In 2014, the effective production time was 338 days, and the actual output

reached 1 million 240 thousand tons.
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In 2009, Jintan salt imported 1 million tons of MVR NaCl and Na2S0O4
coproduction technology, and put into operation in 2011. After being
purified, through multistage preheating, the brine enters the hot pressing tank,
the energy saving device and the salt evaporation tank. The secondary steam
produced by the hot pressing tank, after defoaming, temperature decreasing
and washing, enter into vapor washer for second time purification, and then
enters the compressor for pressurization, in order to be reused many times in
hot pressing tank... The mother liquor including Na2SO4 is preheated by
preheater and then goes into Na2SO4 crystallizer for crystallization. Its
mother liquor is returned back to NaCl crystallizer.
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The main devices such as compressors, circulating pumps, centrifuges



and so on are imported from abroad; evaporator, heating rooms, etc. are made
of foreign technology and made in China.
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The main energy consumption index and manufacturing cost

comparison table:

At # MR I AME FlEE | P ke ds MVR Fl
Energy consumption Five—effect ME salt | MVR salt
production China | production
Salt YuLin China Salt JinTan
EEREAE Kg ce//t H
Evaporat%on energy 65 59
consumption Kg
ce//tSalt
AR Kg ce//t 3
Comprehensive  energy
consumption Kg . 80
ce//tSalt
BRI AR T/t #
Energy power cost 36 80
RMB/tSalt
GewlEkA T/ t#
Comprehensive
manufacturing cost 116.63 133
RMB/tSalt

E: &meeAEAT. fliE R ARERESE TR (3)
Note: Jintan's energy consumption index and manufacturing cost are derived from

references.(3)
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As shown in above table, the energy consumption of MVR evaporation
is less than ME. However, because of the deep 2800m of the halogen well in
Yulin, the geothermal advantage is obvious. Through brine pretreatment
down in the well, warm insulation for pipelines and storage tanks, this could
make brine temperature reach 50°C, and the geothermal energy of the brine is
fully utilized. At the same time, for brine and mother liquid treatment, gavity
flow between tanks is designed, thus the energy saving effect is obvious,
hence comprehensive energy consumption is low.Also local coal price in
Yulin is low, its energy power cost and comprehensive manufacturing cost is
also low, compared with the electricity driven heat pump. Through discussion
and comparison, the author thinks that ME and MVR have their own
strengths and are two kinds of advanced salt making technology models
which can not replace each other. The hypothesis that the secondary steam is
a waste is not scientific and rigorous. The comparison between state-of-art
MVR salt making technology introduced abroad and ME salt making process
which has been operated for years is also biased.
=. MEHMVR T¥ W3R A

The idea of ME+MYVR process
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The new environmental protection act, which began in January 1, 2015,
has made more stringent requirements and regulations on air pollution control
such as haze and carbon emissions. Raising emission standards will
undoubtedly increase production costs, which will lead to a difficult part of
enterprises with limited profit margins. With energy saving and
environmentally friendly MVR salt making technology, eliminating and
replacing backward production capacity will surely become the mainstream
of the development of salt making technology in China. But coal resources
and electricity coal price are still the key factors to decide whether the MVR
technology is economic. Therefore, the author thinks that ME and MVR
combination could be a promising idea, which could take advantages for both

technology, showing innovation and compatibility.
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For ME salt production line, which has been operated for years, steam
supplied by power plant, besides traditional revamp ways, e.g. change four-
effect to five-effect and promotion of preheating for different effects, it is
able to introduce part of secondary steam from three-effect to a small
multistage heat compressor (domestic type)and to modify ME with MVR

technology. See the schematic diagram of the process principle (1):

s
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1.2.3.4.5 Crystallizer6.7.8.9.10Heating room11.Atmospheric condenser12.Heat compressor

13.Saturating devicel4.Circulating cooling water15.Non condensate gas16.backpressure steam
TZRERERE (1)
Schematic diagram of process principle
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The advantages of the modificaiton are:

1. ZRAAM#F R 89 B 2R B % e E T um B A AR, B>
TREHZRA (ERA WHE, RO KET VE 5 MR i oH#H.
When secondary steam is under step useage,in the same time steam is moved
forward for pressurization and temperature increase for further recycle

reutilization. This could reduce the back pressure steam (raw steam)



consumptions, and fully play the advantages of both ME and MVR.
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After partial secondary steam moves forward, volumes of secondary
steam from four-effect and five-effectdecrease relatively, and the specific
volume also decreases, which is beneficial to the formation of higher vacuum
degree and increase the driving force of evaporation heat transfer. The
decrease of secondary steam in final effect will help to decrease the heat
loss, together with the consumption amount of cooling water, thus steam
consumption in steam jet unit is decreased,and electricity is saved.

B kR EFAEAE, ZRARNANFAEREZ 0. 35MPa £ 4,
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However, the secondary steam from three-effect is negative pressure,
and it needs to be increased to around 0.35 MPa, hence whether the heat
compressor can satisfy this compression ratio and heat & electricity could
be balanced after modification are the key points..

HLMEERSEREBAS . HELH, BETUHTIZENE
BHAER. BRFIFEENFENEREHX, 7 LI E MEMVR 8 Bk
PR TR,

The new project should give full consideration to regional advantages

and resource advantages so as to avoid redundant construction without



considering market capacity. In the areas where coal resources are relatively
abundant and low in price, the process of salt production with ME+MVR

cogeneration can be selected.

ME+MVR # B =l d TEERK [ KR =ZANA S EE (2

Salt making process mode of ME+MVR cogeneration (I) block diagram of

three-stage steam utilization(2)
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1.boiler2.Turbogenerator3.MVR salt production4.7.Plate heat exchanger5.Steam turbine

compressor6.ME salt production8.Halogen mining9.Condensate back boiler10.First stage
steam11.First stage condensing water back boiler12.drivel13.14.18.19.brinel5.Two stage
back pressure steaml6.third stage back pressure steaml7.Two to five effect
condensate20.21Condensate water
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After power generation from back pressure turbine electricity units driven

by high temperature and high pressure steam(from high temperature and high



pressure boiler), the back pressure turbine driven by discharged constant
mesotherm steam could drive MVR compressor, which will take in
secondary steam (after defoaming and vapor washing),to increase steam
temperature and enter the heating room. The heat is supplied to the brine for
reproducible circulation evaporation, and the back pressure steam from the
pressure drop of the back pressure steam turbine is fed to the ME multi effect
evaporation system.
RAZEARNEFI T EENE @Az EENAEN, BDT —A
AMEEANL R B B KL, EAX LW E MR 5 ME 2 TZ A HE
KEET, ZATABH=RER, ZARGLERTARENAH, T
o PR R B . B MVRAME A48 & 3 T 240 Rt 2R R #4005 2
M, ZFNBEHTEFRRE. EA. mERERE; MEMVR 8L
MEEATURA BT, BARBRMERE IR, LHEKEHR
Compare the steam driven turbine driving the compressor with driving
the compressor by motor, the loss of the mechanical and electrical
conversion process of steam heat energy is reduced. Under the premise of
fully meeting the heat requirement of MVR and ME salt making technology,
the three level of heat energy is realized, the steam heat energy is utilized to
the maximum limit, and the advantages of fully cogeneration of heat and
power are achieved. However, the thermodynamic analysis of the step energy
efficiency utilization of the MVR+ME coupled salt production process, the

stability of the back pressure steam, pressure and temperature discharged



from the turbine, the matching and coordinated operation of ME+MVR and
the balance of steam and electricity, is the key to the realization of the
assumption, and it must be studied in depth.
TwHRERMREARLTZ, MATR LR KERE UK xR
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HBA, REFANF VIR RBEIERA, ZAREARBN, B
t, EHEEEEEGRERE KN, TENL BREEINEE, BE
Fahg, LABRmmAt, BRAFVERESF S, RAZREFRELZT
CARREEHITTE

No matter how to choose the salt evaporation process, we must have
advanced equipment, advanced brine supply and treatment, recovery of
mother liquid, reliable centrifugal dehydration, drying, modern packaging
logistics and other related aspects. The key common technology of
upgrading, realizing the large-scale and domestic production of the
equipment, realizing the integration and standardization of the self-contained
power plant and the salt making device, improving the degree of automation,
improving the quality of the products, maximizing the benefit and improving
the international competitiveness of the industry, should be the direction of
the development of the salt making process in our country.
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