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SPEICHIM / RHONE POULENC PROCESS:

MAIN PROCESS FEATURES AND THE LATEST
IMPROVEMENTS OF THE PHOSPHORIC ACID PROCESS

B. Satler, SPEICHIM, France and
G. Apostoleris, SICNG, Greece

SUMMARY

During the 1990 IFA Technical Conference, we hlghlighted the latest Improvements of the
Rhone-Poulene process. This paper presents the industrial applications of these
improvements.

We shall describe In the followlng order:

- Environmental consideratlon: in strict accordance with EPA standards and absence of
any fluorinated liquid effluent as relating to environmental performance of the process.

- Energy saving: as exemplified by the heat recovery from sulfuric acld unit to phosphoric
acid coneentration unit.

- Simple process: well known as a simple process, Improvements set the following
simplifications to & much simpler processisaving the filtrate separator and having
phosphoric acld pump feed the fllter by overflow,

1. INTRODUCTION

A phosphorle acld process, known today as "SPEICHIM / RHONE POULENC Process”, was
developed by RHONE POULENC and trensferred to SPEICHIM Eng. The latter had been
collaborating for many years with RHONE POULENC for the {mprovements of this proceas
and related flelds. The reseerch and development program of the dlhydrate process
continues. RHONE POULENC chemical englneers previously in charge of this program are now
wlth SPEICHIM. All research in raw materials, phosphate rocks and laboratory tests are now
SPEICHIM property. So the same team wlill contlnue to do Its best to improve thls process
and Its applicatlon for licensors, buyers of phosphate rocks and producers of phosphoric acid.
Further, the industrial development remains.

2. MAIN PROCESS FEATURES
SPEICHIM / RHONE POULENC set the following goals In the development of its process :
- Slmpliclty and eage of operation due to:

. slmplielty of equipment and layout,

. eage of operation,

. Nexibility (with an operating factor up to 90%)

- Reductlon In Investment, operating and maintenance costs.

- Protectlon of the environment by reducing effluents with fluorine recuperation and the
implementation of technlques for the evacuation of phospho-gypsum.
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The main fentures of the SPEICHIM / RHONE POULENC process are as follows:

- A single, non-compartmented attack reactor with a single central agitator and alr
cooling.

- A flat, rotating, table filter (UCEGO} for the separation of gypsum from the acld.
- A forced clrculation loop for the concentration of the dilute acid.
The maln equipment comprises:

- A hlgh performance scrubblng system for the gases leaving the reactor which meets the
most stringent effluent regulations.

- A simple and economlc system for applylng vacuum to the concentration loop.
A high performance fluosllisic acid recovery unit.
The SPEICHIM / RHONE POULENC dlhydrate process {s available in two versions:
- the single tank process (flgure 1)
- the DIPLO process (flgure 2)

These had already been described In 1979 (1), 1984 (2), 1987 (3), 1990 (4).

3. ENVIRONMENTAL CONSIDERATION

The SPEICHIM / RHONE POULENC process has gained wide recognitlon for many years for {ts
simpllelty and clean technology. They are based upon SPEICHIM engineering skills and
RHONE POULENC experlences as a phosphorie acld producer and buyer of phosphate.

Two fields are deserlhed bhelow:

- gas effluent : to mect the U5, EPA standards,
- fiquid effluent : none,

3.1 Gag efMuent

3.1.1 Scrubhing of fluorinated gases leaving the attack tank:

The alr leaving the reactor 1s generally saturated and [ts temperature close to that of the
phosphorie acld &lurry. This Is because of high efficlency of the alr cooling technique, with
following characteristics:

- very simple to operate,
- low In opernting and Investment costs,
- high efficleney.

The reactor {s cooled by a current of alr circulating on the surface. Good contact between eir
and slurry ls ensured by patented small surfuce coolers, which project droplets of slurry Into
the alrflow. A temperature difference of 10 to 15°C between alr and reaction medium is
obtalned, which minimizes the air flow to be treated downstream. (Agures 3 & 4)
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The gas flow leaving the tank Is malnly contaminated by HF, SIF, and CO0,. The relatlv.
composition of the gas depends on the phosphate rock used, the tampamture of the slurn
and the phosphoric acid concentration, The saturated air leaving the reactor contalns abou
b % of the fluorine presoant in the phosphate.

Phosphate dusts and droplets of slurry could leave the reactor with the gas flow but the lov
speed design of the alr flow and the raw material feeding avold any entrainment. Into th
scrubblng sectlon, the gas meets a fluoslligle acfd solution which absorbs HF and 3IF,.

A global and theoretic equation of these chemical reactlons are:

- -2
38F, +2H0 e 3 2H,SIF,+80, (K=54x10%")
8 HF + 810, ——— H,SIF,+2H,0 (K=0,65x10%

A good knowledge of llgquld-vapor equllibrium, HF/SIF, ratio into the gas, HF, S1F,, H,
partial pressures heip to find the best design for a gas scrubblng unit (5).

The SPEICHIM / RHONE POQULENC process uses two types of scrubbers:
- The Venturl scrubber, with the following characterlstics

- high efficiency,
. low Investment and malntenance costs

- The cyclonic column, with the following characterlstica:

. high efflefency of conlescence and demisting
. low investment and maintenance costs

. low pressure drop, (figure 5)
The calculatlon method js based on number transfer unit concept. It conalsts in th

determlnation of the number of theoretical stages to meet the required fluorine dlscharg
standards.

From the knowledge of liquld and gas flowrnte and thelr fluorine content, we deflne th:
number transfer unit for each equipment by the following equation:

NUT = Log ¥1 - Y]* where

Yz - Y2
Y1 - fluorine content In gas Inlet
Yz = NMuorine content In grns outlet
Y* = equllibrlum fluorine in gas In contact with liquid.

Furthermore, we deduce from fluorine equlllbrlum diagram the partial pressure of HF anc
SiF, to caleulate:

Y* = PHF + 4PSiF
Ptotal

Thls ealculation is accurate enough for a good deslgn of the scrubbing equipment,

The full pressure at the cone sprayers must be reached in order to get n spray pulverizatlo
and thus optlmizes the specific surface gultable for a good absorption. However, this I
limlited to avoid entrainment and alse not to dlsturb the cyclonic effect glven by the Inle
locatlon. The ring Installed before the outlet close to the shell of the cyclonic column break:
the fine layer.
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To be able to design the serubbing section of the units, SPEICHIM / RHONE POULENC has
developed Its original method of caleulatlon which have been verified at pilot and industrial
scale,

By using scrubbing recycled water Into the washing sectlon to the filter, It means that the
SPEICHIM / RHONE POULENC process does not generate any liquld effluent from the attack
and flltration sectlon.

3.1.2 Recent Industrial appllcatlions

In future, all phosphate projects using the RHONE POULENC process, anywhere In the world,
will have to match Industrial performances withand environmental protection. Moreover,
most of our cllents consider It ay essential this subject for any new project.

For example, in China, environmental protectlon {s a way of life. Each new Chinese project
undergoes many technical exchanges on this point. Lately, SPEICHIM started up with success
a new phosphoric acld plant (Guixi, China). Thiz unit, designed for 440 mtpd P 0 using
Yunnan phosphate rock In order to meet with EPA satandards, has been ﬂtted wlth a
scrubbling section including In series:

- a Venturi scrubber,

- u single stage cyclonic column

- o double stage cyclonic column {(figure 5)
During test run, » Chinese team checked the efflciency of the scrubbing section:

- EPA standard: 10g/tP,0; feed

- Test results: 4to7 ¢/t P,0, feed (figure 6)

3.2 No fluorinated |jguld effluent

The acld produced in the artack flltratlon gzectlon usuall has a concentration between 28 to
32% P,0.. For Industrial use, the required concentration generally stands between 40 to 54 %,
It thum ?ollows that the acld has to be concentrated, During the concentration, the fluorine
glven off with the steam ecan be recovered In the form of fluosllislc ncid, which is the raw
muterlal In the munufacture of sodium and potassium fAuosilicate and aluminium fluoride.

The installation thus consists of:
- A forced circulation loop comprising:
. & Nash chamber
. & heat exchanger
. & clreulation pump
- A fluosillsic acld absorber
- A contact condenser ensuring, at the same time, the application of vacuum over the

whale unit.
(figure 7)
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The device has been designed to use the mechanical energy of the condensing water In the
barometric leg to remove the Incondensable gages In the vapor,

The water temperature will increase about 10°C. Two cases may happen:

-  Use cooling water, ususlly from a rlver or gea, or {figure 8)
- Use a cooling tower in order to recycle the required condensing water. (flgure 9)
Unfortunately, these two systems generate fluorine discharge. In the first case, If the
concentration unit Is hot fitted with absorbers (located between the evaporator and the
condensor) all the fluorine leaving the flash chamber wlll be lost Into the condensing water
In the second cage, the fluorine evolved at the top f the cooling tower In the air could be
about 2 kg/h which iz higher than the US. EPA sgulation. For thls reason, an indirect
condensation system has been evolved.

The required condensing water Is recycled on the condenser but 15 cooled before by an heat

exchanger feeded with an independant water supply. Theze two water loops are independant
and agsure an absolute no fluorine outler, (gures 10 & 11)

4. ENERGY SAVING: HOT WATER CONCENTRATION

4.1  Princlple

Absorptlon and formation of sulfurlc acld by resctlon with process water envolve an
exothermic reaction. Heat needs to.be eliminated by circulating sulfurle acld through a
column and a cooling systermn.

Heat removal depends on:

- the rate of the unlt,

- compositlon and gas temperature inlet of the absorption towaer,

- H2504 content in the acid,

- gas temperature outlet of the absorption tower (supposed to be In equllibrium with the
cleculation acid temperature).

In order to remove the heat of reaction, the acld clrculating through cast Iron heat exchanger
is sprayed with a water loop cooled by atmospheric heat exchanger.

Phosphorle aeld concentration is carried out through graphite heat uxahﬁnger blocks heated
with steam at o pressure of 4 bars.

Process principle Is to take the avallable hot water from the anhydrous, feed It to the

concentration unit and use it In a heat exchanger Instead of steam. (figure 12)
4.2 Industrinf exame - SICNG

Frocess principle described below Is a hot water concentratlon unit which wag operational at
SICNG (Greece) since July 1891,
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Orlgtnal design modified according to the new process s composed of:

Maln

Tuhe heat exchanger instead of classical coolers to cool down the circulating acld
through absorption tower,

Hot water loop which feed the concentration unit,

A new heat exchanger and a clreulatlng pump In order to produce concentrated
phosphorie acld 46% and 54 % P,0,.

changes:

Hot water loop: the loop Is fltted with a plate cooler on line with the concentratlon heat
exchanger in order to regulate the thermal balance. In case when a concentration unit
shuts down or If the heat transfer coming from the sulfuric unit is lower than needed
for the phosphoric acid concentration, the plate heat exchanger will use the cooling
water comlng from the atmospherie cooler.

Phosphoric concentration unit modifications: the concentration loop I8 equlpped with a
VICARB tubes heat exchanger:

Material: SANICRO 28 from SANDVIK
Aren; 285 sqm

A new clrculating pump gets a flow big enough through the tubes to aveld plugging and
scaling inside,

Performences achleved:

43% P,0, acld

Aclid concentration inlet (% P,0) 29.6
Acid concentration outlet % P20 } 43
Denslty acld inlet (kg/m% 1 362
Density acld outlet (kg/m™) 1573
LMTD ("C) 15
Evaporated water capacity (T water/h) 7.6
Steam saving (T steam/d) 218
Saving (KFF/d) 14

53% P,0, acld

Acld concentration inlet ¢ Pzﬂﬁ) 27.6
Acld concentration outlet ™ P20 j b3
Denslty acld Inlet (kg/m"ﬁ) 12083
Density acid outlet (kgjma) 1 864
LMTD “C) 79
Evaporated water capncity (T water/h) 8.1
Steam saving (T steam/d) 126
Saving (KFF/d) 8

6. TOWARDS A MUCH MORE S5IMPLE PROCESS

The SPEICHIM / RHONE POULENC process has widespread Internatlonal success because of
Its great slmplicity and ease of operatlon. All technological Improvements evelved lately had
the same goal: simplicity.
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The new tested developments avallable are:

- the suppression of the slurry pump and the filter feeding by overflow
- the suppression of the gas liquid separator under the fllter.

Two Innovations having Important effects on:

- the equipment number

the clvil work cost.

Installed between the vacuum box and filtrate pumps, the separator knocks down water ane
gas. Its overall dimension 1s about 2.6 m. {Ngure 14)

Now, it Is possible to save thls equipment and to connect directly by single pipes the acle
flitrate pumps to the vacuum box without any seal tanks. So It is today possible to decreas
the fliter table level. The fllter can be feeded by overflow.

These Improvements reduce the cost of the required clvil work.

In the classic layout the table level Is about 11 meters from the ground. Then the slurry Ig fe
by pumping, the acld flitrate pumps are fitted with blade Impellers, have a constant speed
and are driven by belt and pulleys. These are self-regulating output pumps but requlre
suctlon plpe five meters height In order to ensure the expectad flexibllity.

The first evolution allows the decrease of the table Jevel to 8 m from the ground. The flltrate
acid pumps are fitted with vortex impellers, have a constant speed and are driven by bel
and pulleys: they have a suctlon plpe three meters height but they only really required :
suction plpe 1.5 meter helght.

The pumps are directly connected to the vacuum box without the previcus single separator.

Since May 1989, this fllter ts fed by dlrect overflow from the reactor, without any pumping
Henceforth SPEICHIM / RHONE PQULENC propose to Install the filtratlon table at abou
6.6 m from the ground. Then, the fliter is fed by direct overflow from the reactor without the
necessity to ralse this one and the vacuum box is directly connected to the pumps. Thegs
acid filtrates pumps are fitted with vortex fmpellers, have a constant speed and are driver
by belt and pulleys: then have the expected operating flexIbllity and only require a suctlor
pipe L5 meter height. Eventually It would be possible to use pumps fitted with blade
Impellers but with a direct driving and a speed varlator,

Due to the reduction of the civil work as explalned, the dimenslons of the bullding enclosing
the fllter are thus also reduced.

S0, reduction of:

- installation costs, (civil work),
- maintenance costs, (equipment number). (figures 156 & 16)

These improvements have industrial applications and are operated at:
- Guixi (CNTIC, China),

- Rleme (RP, Belgium).
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6. CONCLUSION
This study shows that the SPEICHIM / RHONE POULENC process Is constantly evolving not
only through laboratory developments (Ref. 4), but also Industrial applications. These
Improvements have affected several flelds such as:

environment,

energy saving,

- reduction of elvi]l work and maintenance costs,

and they arise out of necemsity to Improve productlvity and meeting environmental
standards.

During each stage of a project, in collaboration with the cllents, an examination of the new
performance and amount of effluents from the new unit Is carried out.

The goals are to reduce raw materlals consumption and energy consumption for all licensors
of SPEICHIM / RHONE POULENC process.
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SINGLE TANK PROCESS
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Flgure 2 - DIPLO Procass
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