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PREPACE

According to data published by the Pood and Agriculture Organization of
the United Nations (PAO), more than half the world's population is
insufficiently nourished and a great number are exposed to starvation owing to
PoOr crops in years when natursl calamities (drought, floods) occur, At the
same time, rapid population growth, particularly in the developing countries, is
creating an ever increasing demand for food products,

Certain scientific agricultural techniques can increase production yields
per hectare, e.g,, irrigation, use of gelected varieties of plants and use of
chemical fertilizers, but their favourable effect cannot be fully realised
unless efficient measures for plant protection are taken, cspecially by
rational use of pesticides,

At the ad hoc Government Consultation on Pesticides in Agriculture and
Public Health, held at Rome, 7=11 April 1975, the Director Genersl of PAO estimated
the total world-wide crop losses due to pests as 30~40 per cent of the potential
crop. Insects bring about the greatest part of that loss, in addition to the
inestimable damage they cause by transmitting such diseases ag malaria and
typhus to humans, Tt is not surprising, therefore, that insecticides are the
most needed pesticides in most developing countries,

The present gtudy refers to a mltipurpose plant for the production of
some or all of the five orgnophosphorus insecticides, dinéthoate, trichlorphon,
malathion, ethion and dichlorvos, These five products are among the most
widely used organophosphorus insecticides., The study, which was made by the
Joint Unido-Romania Centre, contains the necessary elememts for determining the
advisability of building cuch a multipurposs plamt in one country or anothers
the requirements of materials, equipment and labour; plant specifications;

and an eoconomic analysis of the investment needed and the profits that can be
reslized,
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INTRODUCTION

g f i 0 ophospho gecticjdes

Organophosphorus insecticides are *xtremaly important because, generally
speaking, they have these favourable characteristicss
Powerful insecticide and acaricide action in small amounts and
concentrstions, therefore ecoromical in use
Broad fields of action

Past decomposition (metabolism) on and within plants and in mammals,
with the formation of metabolites of 1nw toxicity

Good knack-duwn ffect on insects

Sose organophosphorus insecticides are extremely toxic for mammals (coe
ethyl-parathion); however, in the last two decades, less toxic ones
(e.g malathion, dimethoate, trichlorphon etc,.) have been developed, They are
quite safe if appropriate application methods are used,

The production of organophosphorus insecticides present - certain difficulties,
The reaction conditions require permanent and effective cortrol, The principal
rav materials - phosphorus, sulphur, chlorine - are simple but not always
available, and that mAy represent an economic constraint, Since the specific
biological activity varies from one organophosphorus insecticide to another,
two, three or sometimes more insecticides must be used in most countries,
Their manufacture in separate plants would require high investments that could
exceed the financial means of many developing countries, That is why the
implementation of a multipurpose plant to produce two to five organophosphorus
insecticides, such as the Plant described in this study, represents an economical
soluSion to the problem of meeting domestic requirements,

he 0 ophosphorus insucticides

The officiency and economy of organophosphorus insecticides are still
drewing the attention of specialists in plant protection., The use of
these insectiocides is therefore steadily expanding, and the pProspects are that
expansion will continue for the next 10-15 years, Thus, in the
United States of Amerios the 1975 malathion output will be almost seven times
greater than in 1960, that of parathion (methyl + othyl) four times greater.
The 1975 demeton (methyl + ethyl), phorate, dimethoate, phosphamidon and
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and Boultet o atpas wiil b five times higher than in 96

Accorting v son catimates, the worpld organ o phosphorus insecting 4o sutput

Wil amount t- about 120,000 t of Active ingredient in 1975,

The tive incrcticides ~houen for this study

This stuly dea’s with *he producti :n of the following five organophosphyrus

insesticidee in a gingle pluntg

Dimeth ate
Trichlorphon
Maiathior,
Ethion

Dichlorvos

These five were selected because, un one hand, they are among the most
frequent 1y used organophosphorus insecticides and, on the other hand, they can
be rather easily manufactured in a rultipurpose plant,

In addition to their wide application in agriculture, malathion, dichlorvos ar
trichlorphon are very efficient in households and in anima] huabandry,
Malathion controlgs malaria in regions where mosquitoes have become DDT-resistant,

The main fielde of application of the organophosphorus ingecticides
mentioned above, as well as some of their more important chlncteriltics, are
given in table 1,

3cope of the study

The study presents a suitadble Plant for the pProduction of the selected
organophosphorug insecticides, a methyl chloride recovery plant (lotlvl ohloride
is a by-product of trichlorphon production); & hydrogen sulphide destruction
plant (hydrogen milphide is a by-product of malathion, ethion and dimethoate
manufacture); and a solvent recovery plamt, These plants are located in s
three-floor building and on an cutside platform and are provided with ventilation,
sanitary facilities, instrumentation, a power centre etc, There is also o
treatment plant for the chemically polluted wter resulting from the manufacture
of these products.




-9 -

Table 1, Properties of five organophosphorus insecticides
Action Pields of Toxicity
Namo modes application Lethal doges Residual
(mg/kg) o
Dimethoate Contact Cereals Oral, 320~400 low
Ingestion Industria, (rats)
Systemic plants
Acaricide Vegetables Oral, 35-118
i Pruit mice)
. Percutaneous,
’ 750-1, 000
. ( mtss
Trichlorphon Contact Cereals Oral, 625 Low
Ingeation Industrial
Pumigant plants
! Vegetables Acute dermal,
| Pruit 2,000
b Vector control Acute inhalation,
’; Household 1,500
di Malathion Contact Stored cereals Orsl, 2,500 Low
, Industrial (rats)
‘ plants
i Vegetables
. Fruit
i Vector control
{ Animal health
1 Ethion Contact Cereals Oral, 179 Low
Ingestion Industrial (mice)
Acaricide plants
Pruit
Dichlorvos Contact Cereals Oral, 62 Low
Ingestion Industrial Acute derma],
Pumigant plants 2,000
Vegetadles Acute inhalation
Pruit 1,500
Vector control
Houmehol4

The study does not include the following items:

Orownd planning, levellings, access and intemal
and wnlcading platforms

Topometric survey and geotechnical studies

Provisions for utilities (thermal power
cooling gystem, inert-gs sowrce)

Utility netunrks outside the buil
the low-woltage electric pamel to the o

roads, railwys, loading

station, water pumping station,

sxoept the electric cables from
lectromotors
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Outdoor illumination of the platform

Storage spaces for raw materials, intermediate products and end products,
whether liquid or solid

Puel storage
Water treatment plant (for drinking, cooling and industria] water)
Sewage treatment

Social-administrative buildinge (except the sanitary facilities provided
for the plant personnel)

Pire-prevention networks

Trichlorphon and dichlorvos formulations have not been included, because
these products have so large a variety of formulations (soluble powder, granules,
aerosols and solutions in caase of trichlorphon; emulsifying concentrates,

aderosols and solutions in cace of dichlorvos) that consideration of them in this

study would only have complicated it, 3pecific formulations will be provided
by the Joint UNIDO-Romania Centre on request,

Gids W R dme e o o
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I. PRODUCT MANUPACT /RE

tion ca

Production capacities are as follows (t/a of active ingrediant) s

Dimethoate 1 000
' Trichlorphon 800
* Malathion 400
Bthion 200
Dichiorvos 58

; Preduction gchedyle
The plant will work 300 days a year, with four siz-hour shifts daily,

‘ Production of the different insecticides will be scheduled Over the year as
’ followss

z
g
)
!
i )OO daye —
Dinotheate b 112 comny
, Rhien T

Note that the working plan is discontinmous for the five products, The
distillations, l,l destruction, ﬂ361 and BC1 Focovery, and waste incimerstion
pPlant rum contimwouwsly, however, Mis schedule makes the butv use of the
osquipsent,




Process descripti no are Ziven velow by product, A flow -hart for the

ertire plant is in irawing 1,

Dimcthoate
Hasic -hemical rractionu
C1-CH -200H ¢ CH ,OH emeeeee CICH, = COOCH , + 4.0
menoch. ro=  methann! methyl monoch: :ro-
acrtic acid ac-tate (MDI"A)
Cl - 7H ,GOOCH3 + C‘H)lﬂ? —— C]CH) - COYC}!CHj + CH)OH
A Rethylamine MB-m~thylmonoshloroe
acetamide (WCAA)
™.
Pv‘s + ACH OH-—- P-8H » "23
- H c(
phosphorus methinol dimethyldithiophosphoric |
pentasulphide aid (Demea)

H.CO & '
} \' 3&
P-SH + NaOH «=e P-Ska + 320

w08 HOO/

3

sodium salt
ePA of ISEPA (EPNa)

By condemnsation of IMDPEa with WCA\ in toluene, dimethoate is obtaineds

PN 4 MOA ——p

3K‘ 2—”-03 + BaCl
.| ( dimethoate
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Pr .. ssg degeription
(See figure 1)

The monochluroacetic acid is cteam-meitad {r melting vesse] and introduced
irto th.- esterificati n react .r, At reflux temperaturs, the methar ;] i 1dded

in pirtione to the m.iter mags f monochloroacetic acid with H SO‘ anl a

2774
‘atalyst, The reaction producte, whi:h ar« in th: vapour state, are corden.ed
in 4 s-parator, where the methyl m noch )pracetate (MMCA) is separa‘.d from the

wat:r,

The :rude MMCA [amses ', 4 neutralization v..al, where it is reeutraized
uy stirring with a sodium bicarbonate solution, Them the lower iayasr, which

vontains the neutralized MMCA, i scrarated from the upper (wator) layer,

The neutrali-ad MMCA is :00]ci and introduced int. the amidatior rea:tor,
where it reacts with the pre=cool-l methylamine at a low temperatur: (obtained
by meane of brine in the J'acxet). Tre reaction mags ig aeatralized with H,30
at a low temperat.ire ant the proiuce, N—ethylmonachlsroa ot amide (KDAA),‘m
tistilled under vacuum to s. parate 1° from *he mcthanol, The recovered metnanol

i8 re~intruduced at the first step,

Neanwhi e, th. iimet}xy1=iithiuph\sph)ric 2:id (WA) ic being prepared,
Por this purpose, kerosene is introduced in .he DMDPA synthesis reactor, then
PQSS' The mixture is warmed and methanol is gradually introduced,

The reaction occurs under & Blightly reduced pressure,

The H S released from the reaction drives along the methanol vapours, which
condonse and retum to the reactor, while the st is removed by suction and blown
into the st bumer,

The reaction mass within the reactor is cooled and filtered to remove the
unreacted P,S,), and the filtrete is transferred under inert-gas pressure to the
&

neutralisation vessel, The unreacted sts is discharged into a mobile container
and semt to the incinerator,

The DOPA 18 cooled in the neutralization vessel and neutralized with
NaOH solutiom, and the solution obtained is separated. The separated sodium
Salt of INDPA (DNDPWa) is tramsferred to $he dimethoate synthesis reactor,
Here, it is condensed with NCAA in toluene as the reaction medium, by heating
slightly, As soon as the resction is finished, the reaction mass is cooled
ad forwarded to the separation-wmshing vessel, Me Waste-water layer goes to
the msto-mater incinerator and the dimethoste lager in toluene is washed with
3 sodimm bdiearbonate wolution and, after separation, with a sodium chloride
Solutiem. After & sesend separation, the organic layer is distilled,
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The toluene separated at distillation is recycled, and the concentrated
dimethoate is formulated with tolurne, cyclohexanon~ and "mil:ifier as an
emulsifiable concentrate with 40 per cert active ingredient.

IT crystallised dimethoate with 20 per cent active ingredient is required,
the dimethoate~toluune solution obtained after washing is placed in a brine-
~ooled crystallisation reactor, After crystallization and filtration, the
filtrate goes to the dimethoate synthesis, where it is used ag the reaction
medium,

The dimethoate crystals on the filter are washed with extraction kerogene
and discharged into a distilling vessel by a helical wonveyer, Here the
kerosene and toluene retained in the crystals are distilled under vacuum in two
steps of temperature and pressure. The kerosene~toluene mixture is cooled and
sent to a collecting tank, Together with the washings, the mixture is later
distilled to recover the sclvents,

The hot dimethoate from the distilling vessel isg diascharged on a flaking
machine with a drum cooled by brine and a vat heated with hot water, Scales
of dimethoate having a 90 per cent purity are obtained,

Trichlo_lmo_n_
Basic chemical re..tions
H,CO 0
chloroform \ 7
PCI‘ + SCHJOH ———— P-H & CHBCl + 2HC1
H300
phosphorus methanol dimethyl methy! hydrogen
trichloride phosphite chloride chloride
R H H C1
R/ AR l §
/P-l + GO-OO13—0 / 1
R.00 H,00 Cl
k) 3
dimethyl chlorel trichlorphon

phosphite
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Process Jdescriptior. (usec figure II)

The nercssary quantities f chloroform and methano! ar- introduced in the
dimethy! phousphite synthesis reactor, The biower i3 tumed >n and the
priospnorus trichloride is gradually introdu:ed, The reaction being oxothermic,
tho solvont rdluxes intenscly, passing through two coolers, one watem-cuoled and
the ther vrine=cocleds The tomperature is maintained within the prescribed
.imits by -controlling the rat. of additi n of the phosphoru: trichloride,
aft-r all °f the phosphorus trichisride has been added, the r-a tion mixture is

Lheat~d slightly and refluxing is continued until the reaction is ended,

After desorbtion of the volatiles the blower is stopped, the reaction mass
is covled down by introducing :o0ld water into the reactor ja:ket, and ammonia
gas is added, with stirring, until the required pH is reached, Cooling is
continued uritil all impurities settle, Than the reaction mass is filtered on
a press filter and the clear dimethyl phusphite solution is transferred to the

distillation xettle by pressure,

There, a quantity of chlorofcsu (reused in the dimethyl phosphite synthesis)
is distilled off under agitation un:il the temperature increases to the required
value, Then the reaction mass soes under pressure to the trichlorphon synthesis
reactor, where anhydrous chloral is gradually introduced intu the reaction mass

maintained at the required temperature,

After the reaction ends, the reaction mass ie filtered on a filter press and
transferred to a distilling vessel, where solvent distillation takes place at
atmospheric pressure until the tempersture reaches a prescribed level, Then
the system is placed under vacuum and distillation continued. After
recovery of the solvent (which is recycled to the dimethyl phosphite synthesis),
the hot reaction mass is treanaferred by inert-gas pressure to the crystallization

vessel,

A mixture of chloroform and oarbon tetrachloride is added to the
crystallization vessel, and the whole is heated at the prescribed temperature with
stirring, Then it is cooled with brine and crystallization initiated by
inoculation, Cooling is continued until the trichlorphon crystallises out,

The crystals are separated from the mother liquor in a centrifuge, The mother
liquor is cocllected in & buffer tank and is later used in the dichlorvos synthesis
(see below).

The orystals are dried in a rotary drier and afterwards packaged,
The product has a minimum purity of 95 per cent,
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lalathian

Bazic chemica' reactions

':-cfg . ‘&zﬂsﬂ — i 2', . 820

BC~Ce0 lc-cooc,l5
raleic
eothanol diethyl
sabydride amleic ester

H s
4CH OH —» 2 30&9’ +
3 / ~

;‘25‘,» + st
H,C0 8H
3

phosphorus methanol  dimethyldithiophosphoric acid ( eeDPA)

pentasulphide
H

3& #8  HE-COOCH H, >

3300 SH HC—COWZHS H3 Wzls

crz-aooczns

IMDPA diethyl maleic malathion
ester '

Process description (see figure I11)

The necessary quantities of ethanol, bensene, maleic ankydrido and
concentrated sulphuric acid are introduced into the esterification reactor in
that oxder, The reaction mass is heated, dictilled in a column and ocooled in
& buffer vessel,

The temary mixture from the buffer vessel is separated into two lagers,
the upper bensenic and the lower Squecus, Om distillation of the orgamic
layer a termary mixture (bensene, ethamol amd water ) comes over first, followed
by a binary aseotropic mixture of bensene and othanol, which is collected in a
vessel, The temary mixture is distilled further %0 recover the solvents,
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The recidue is co. led and tranaf . rred by in. ritegae procsur: to a
neutral ization veusgel, Herc, aqueous aodium carb nate @aattoo ia introduced,
Th» mixture is agitated until the required pH i8 roached, ‘hen the Jrganic layer
is separated and transferred to 3 distiliing ver:el and th. waste water diapcand
\f'

Th. disti.lation - :curs first at atmospleric presaur., The foreruns are
valiected in a pad vess:ly coci~d and ceparat-i ir two LAY P, The »rganic
cayer goes to u pad vescal from which it ig transferred to 4 new esterification
oieration, and the aquecus layer goes 4o the buming ctation, Then the ogter
is distii.ed under vacuum, It is colir~ted in a pad vessely from which it is

tacen for the malathion synthesis,

In the firet step & the ma.athion usynthesis, the methan. and the diethyl
maieic erter are placed in a mixing vessel and the mixture homogenized,
Meanwhii-', in the malathion synthesis reactor, oxtrac*i.:. kerosene, toluene and
phosphorus pentasulphide are introduced, and the conden:.r stirrive and cooling

are started,

The blower for hydrogen sulphide removal is started, Then th- mixture is
gradually heated by means of hot water in the jacket, When the required
temperature is reached, the addition of methanol and diethyl maleic ester is
started, The rate of addition is controlled in such a way as to maintain a
constant tempcrature of the reaction mixture, After the introduction of the
methanol-ester mixture, the temperature is maintained until the reaction is
complete, Then, the reaction mass i8 cooled by introducing :old watep in the
reactor jacket. The cold reaction mixture is filteyed on an enamelled filter
press to remove the unreacted phosphorus pentasulphide. The crude malathion
is transferred to a washing vessel, into whioh the washing solution, a solution
of sodium chloride and sodium carbonate prepared in another vessel, is pumped,

(There is some indication that one can obtain a higher purity and a better
Yield in a two-step resotion — (1) preparing the DMDFA, then (2) adding diethyl
maleic ester to it - all in the same vessel. The plant proposed here cam alge
be used for this method.)
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After adequate agitation, the mixture jn alluwed to ceparate, tne aqueg
lower layer being decant.d and disposed urf, The nmalathi.n g filtered throug.

a Tilter press and returned to the washing vessrl f.r repeated washirg,
er

Three consecutijve washings oocur, The aquecus layer from the laost washing ig
d

reused for the first washing of the new raw malathion charge,

After the ast washing, th. ma.athi . pacses through the £ilt.r irto the
decantaiion vease]l for a final Jdecantation and th.n into a pad-a.nd-mea;:urimf
vessel, from which it is later transferred vy inert-.mas presgsure to the
formulation unit, Here, the necessary quantitieg of toluen:, xylene, naphtha
and emulsifier are added, After homogenization by stirring and filtration,
the thrmuiated product s ready for PACKAgi 1.3,

Bthion

Basi. chemical pea:t+ ion:

CZHS-O\ . /3

P285 + 4CJH50H—0 2 / ~ + H.”S
0235-0 SH
phoaphorus ethanol diet}wldithiophoephorir.‘ acid (DEIPA)
pentasulphide
C2Hr - O\ /S C2H50\ /S
/P\ + NaOH ——p /P\ + H,0
CH. =0 SH CH.O SKa

25 2°5




Process descriptin (sec figure 1V)

Paraffin oil (fresh fo: the fipst charge and recycled from the previous
-harge for chargeas after the rirut) is introduced into the d.ethyldithiophosphoric
acid (DEDPA) synthesis reactor, Then the phosphorus pentasulphide is introduced,
The suspension is heated by mean:s f hot water in the reactor jacket and stirred

cont inuously,

The blower is started, When the required temperature is reached, addition
>f the anhydrous ~thanol vepins, During ethanol introduction, the temperature

in the vessel is maintained constant by controlling the alcohol flow rate,

After all the ~thanol has been added, the temperature is maintained and the
stirring continued until the reaction is compiete,  Then the reaction mass is

cooled by introducing cold water into the reactor Jacket,

The hvdrogen sulphide -volved during the reaction passes through a cooler
and then, by means of a blower, it is sent to the disposal unit or bumer,

After the vesscl has cooled, the blower is tumed off, the stirring stopped
and the reaction mass allowed tc settle for a certain period ol time,
Two layers separate out, the upper layer, paraffin nil, which is left in the
reactor for the next charge, and the lower layer, rew DEDPA, This is introduced
into a pad vessel from which it is pumped to the next stage, preparation of the
sodium salt of DEDPA ( DEDPNa),

The crude acid is cooled under stirring and neutralised with sodium hedroxpde
or sodium carbcnate solution under stirring and cooling, The solution is
filtered on a filter press, which retains the impurities and the unreact ed
phosphorus pentasulphide,

The filtered solution passes tc a separation~decantation vessel, Nere it
separates into two layers, The lower, Squeous layer, containing the DERPW,
is discharged into a pad tank amd the upper, organic layer, contsining pareffin
0il, liquid residues and unreacted products, is sent to the buming station,

The DEDPNa from the ped vessel is pumped to the ethion symthesis reactor,
where it is heated under stirring, “The methylene dromide is added (in emall
portions). The tempersture in the vessel is maintained comstant Wy comtrolling
the flow rate of hot water in the jacket. After methylene bromide imtroductien,
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the reaction masc is stirrad and h-ated until the reaction is complete,

The reaction mauc ic then cooled by ruaning 0li water in the reactor Jacket,
Aft.r cooling, addition f toluene and stirring, the mixture is traneferr-d to
4 washiry~1 c-antatior. vessel, Here, it i8 stirred with a aodium bicarbonate
s0.ution, After waching the stirring ie stopped ani the rea:tion mass ia

allow:d to o ottle,

Tn low r atieous .ay~r of > dium bromide and impurities gues t. the
burming -tation, and the srgani~ layer to a pad vesse! fop the storage of

technical ethi.r,

In the ' rmulati n stop, a moasured amount of techni~al ethion is stirred
with toluene and an emulsifier in the necessary amcunts to produce a produot
with 25 per cont active ingredient,

Di shlopvos

Basic chemical reactions

llwi €1 1300 | )
N\ N
14 Bl oo loulol’o
/

| N/ &l | 300

)
trichlerphen diehlerves

Process description (see figure V)

The mother liquors from trichlorphon synthesis, whioh have deem co0llected
into & buffer tank (see above), are transferred Wy inert-gas preseure into a
concentrator, where part of the solvent is distilled offe This solvent is
sent t0 & storage vessel and reused in trichlorphon production,

The concentrate passes to a neutralizer, where it is heated and treated
with a sodium hydroxyde solution from a measuring vessel, Tempereture is kept
constant, When the desired pH has been attained, the reaction mss i allowed
to settle in a separsting vessel,

In the settler, two layers are separated, The lower, organic layer is
held in & buffer tank and the wpper, Aqieous lager goes 10 the mmsto-wmter
incinerator,
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From the buffer tank, the reaction mass is transferred by inert-gms pressur
into & washing tank, Here it i3 washed with wat - 'r while stirred, them allowed
to atand and separate, The organi layer is semt t. a buff.r tank, and the

aqueous .ayer lisposed of,
The washed reaction product is forced by inert-gms pressure into a irying

tank, Here, anhydr-ous scdium suiphate is added and the mixture is stirred and
filtered,

Tre filter~d technical dichlcrvos i held in a buffer tank, from which it
is prumped into a film evaporator, where a vacuum distillation takes place at a
low temperature tou protect the product, The liquid dichlorvos obtained from

this step is 90 per cent pure,

End product specificati ong

The end products obtained in this plant meet the foll wing apecificationss

Dimﬁhate
Jechpical product = solid 90% active ingredieat

Aspect ; flakes

Colour ; white-grey

Bmell : specific

Melting point 3 min. 41°C

Acidity : max. 0.5 ¢ H,30,/100 g of product
Active ingredient content s min. 90%

orpulated ug i
Aspect 1 o0ily liquid
Colour ; yellowish-bromm
Smell : specific
Active ingredient content 1 408
Density as 20°C ; 1.07

ZEAChiIRR
Zechnios]l product - seiid 998 active imgrediemt

Aspect 1 orystalline
Melting poins + 7 - 726°
Active ingredient contems 1 min. 958

#




Blathion
mwm
Aspeet 1 1liquie
Colour 1 yollewish - red
Saell ¢ epecirie

Asidicy (expressed as HoB80,) 1 max, 0,58
dotive ingredient comtent ' 508

MMMM
Aspest | eleer 1iquia

‘ Oolewr s yollowish - greea
8801l | speeifie

Demsity a% 20% , 0.980

Vissesity as 20% , s o

Active ingredient contemts 5%

Elahianxis

M‘Wm

Aspost ¢ liquie
Colowr 1+ light Jellew
Deasity s 20% , 1.43

Mtive iagredicas ceavent ' aia. 90B




[I.  RAW AND A'XILIARY MATFRIALS

Specifi-ations

The specifications for the raw and iuxilisry materials used in production
s2 given uelow in five separate sections corresponding to the insecticide

:roductse,

Dim te
letgmol

Aspect 1 clear, colourless liquid

Smell 1 specific

Solubility in distilled water : in any proportion,

opalescence - free

Density 31 0.791 - 0,792

Distills (min. 99.9%) as 4.2 - 65.2°

Purity; 984

Acesone ;3 max. 0,003%

Acidity 1 0.02 mgKOH/g

Evaporetion residue s max. 0.001 g per 100 al of
100% product

Ext tion Kk

Aspect 1 olsar, colourless liquid
D'uity 8 0.70 = 0.74

Distillation reage 1 70 - 115%

Acidity : max. 1 mg KON/100 g of product

Suwipburie e0id
Aspect ; oily liquid (elear or opalesoems)
Densitsy » 1.835
Comoeatresion ; 968
80, ecatent : mx. 0.1%
Po | mx, 0.088

AD  maR. O.QIS
Calcination residwe ; 0.198 mem.




Aspect : clear, colourless liquid
Density ; 0.86 - 0.87

Distilis at max, 110.6%

Mineral acidity and alralinity 3 pni}
Bromine number ; 0,1 - 0.3 £/100 ml
Index of refraction t 1.4965 - 1.4975

su ide

Total sulphur ; min, 70%
Phosphorus ; min. 27%

Pe 1 max. 20 ppm

Purity; minm, 984

Melting point 1 2229 sharp

Menochloroacoic sciy

Aspecs : orystalline mass
Colour ; whige

Swrity s min. 98%

'z.q‘ ! Bax, 1%

BOl : max. 0,025%

Po s max. 0.00El

Belting  potmt , ain. 60%
liguid deneity (65°C) 4 1,3703

Nethyianisg

Aspees ; Squesus, clear solution
Osmeentresion ; mia, 308

Demeity 1 mx. 0.93 g/ea’
Flemmability point | wader 0%
Vissesisy ; 2.8 o

Mdling peins 1 - 6.3%

Nelting pedat : - 93.5%
Demaity st - 6.3% | 0.¢923

of toluenc




odi oFid

Aspect 1 white - greyish orystals
Pur:.tys min, 97%

Humidity 1 sax. 928

”zo’ ecntent 1 max. 4

Sodium bicarbonats A

Aspecs 1 whive eryssallime powler
Taste 1 salty
Puritys min, 99%

Sodiva hrdrexide

Aspects 1 white - grey flakes
Purity: min,96$

' ax. 2%
BeCl : mam. 2%
Po0; + max. 0.038
Chloretes : Sreces

Aspect : elear liquid

Deasity + 0.835

Dissillasien Sempereature : up ve 315%
Plammability peias | 28%
Self-ignitien Vemperature : 300 - 420%
Belting peiat a1’

Aapect : eclowrless liquid

Swmell : aremssie

M"O “0”0’

Fasael ¢« mx. 0.08

Demaity at 20°C  0.983 - 0.9%
Distillasien Dovesea 153 - 257°C ¢ 760 ma g
Moidity (os aootie asid) ¢ mx. 0.008
Almliaity : ail)

Procsing peias ¢ - 45%

Plemmebilisy pedas ¢ 30%
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Bulsifier (Surfece active lgcnt)y

Aspect ; yellow - brownish, vissous liquid

8m0ll ; specific

8oluble in xylene, tolusne, naphtha,golvents,

onulsifies in water

Viscosity at 40°C - 1n° , 550 cp
Density i 1 - 1,03

P ?

Bpecific weight at $0°C ; 1.08

Trichlunhon

fhemmhiorus trishloride

Aspect 1 fuming colourless liquid
Smel) ; sirongly lacrimatery
hity. 970”

Phosphorus oxychloride: belew 2, 5.
Distillation residues ; nil
Peezing point ; - 114%

Boiling poins ; 72%

M.i" [ 1056

Aspect ; oily liquid
Smell strengly irrisatiag
Boiling peins  99%

Sderetein

Aapest | edoar volasile otlourless liquid

Smell : speeirie

Taste ,; - oweetish
Density (4,%)1 1,470 - 1,090
Bletillasion renge ; 37 - 3%

Biniewm distillesion velum , M8 (57 = 63%)

Wﬂn with spevifiontions Uffermt frem those My be uged

if %y ave flvet tested Wi found smttad)e,
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Evaporat.un residue 1 max. 0.015%
Free chlorine : nil

Acidity i nil

Stabilizing alcohol § nil

Carbon t orid

Aspect 1 clear, colourless liquid
Density 1 (4,°%)s 1.585 - 1.595
Distillation range i1 73 - 82°C
Min.distillation volume 1 93% (73 - 82°%)
Pree chlorine 1 nil

Aldehydes : nil

Phosgene : treces

Acidity ¢ (HCl) = max. 0,002%
Humidity : nil

Non-volatile residue : mex. 0.00068
Chleroform : max. 8%

Liausti .

Aspect : volatile ligquid

8mell : specific pungeat

Aamonia ¢ min. 99.58

Wvaporetion residue i max. 0.5%
Gaseous impu' .ties (ex’ ia 100 g as 20%) ¢ ail
e aontens (as r-ao,) ¢t mx., 0.0001%

Rihanel
The seme quality as thet uwsed for dimeshease

Sadivn_cexhasade

Aspoet | whibe fime powder
Purity: nin, 99%

B0l ecatent : min. 0.48
Wter insclubles ;s mex. 0.128
N exides 1 BAX. 00”
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l&*athi 1,

hosphorus tasulphide

The sume quality as that used for dimethoate

AR

Methanol
The same quality as that used tor dimethoate

Bthago]

Aspect 1 clesr liquid colourless
Taste : burni;;

Purity: 99,6/

Don-ity(d“"’) 1 0,793

Refraction index 1 1,361
Boiling point : 78°

Meleio sphrdride

Aspecs i white orystals
Concentration ; 99%
Melting peint: %2°C

Aspect 1 clear eolourless liquid

Deasisy (as 20%) 4 0.875 - 0.861

Dissillasion renge 1 79.2 - 80.4%

Preesing poins ; 4.6 - 5%

onine aumbder ; max. 0.3 gr. in 100 oa’

Organic ecidivy ; max, 0.5 mg scetic acid ia
100 on” bensene

Iaimctios kereseng

T™he same quality as thet used for dimthoate

fulnhurie eeid

™e same quality as thet used for dimethoate




- 34 -

‘Toluene
The semo quality as that used for dimethoute

Sodiun carbonate

The same quality as thot used for trichlorphon

Xylene
Aspect : slightly yellowish liquid
Refraction index 1 1.4985
Boiling point 1 136°C
Density (at 20°C) 0.867

Bmulsifjer

The same quality as that used for dimethoate
odius o
The same quality as that used for dimethoate

Sodiup hydroxide

The same quality as that used for dimethoate

Eihion
Phosphorys pentegulphide

The same qualisy as for dimethoate and malashion

Bshapol

The same quality as for malathion

MeShylene bremide

Aspect ; colourless liquid
Donsity o (d.”) s 2.09%
Freesiag peins ;-92.8%
Deiling peias +98.5%




- 352

Dereftin oil

Plasmebilisy ; min, 150°
Vissosity at 50%C 4 6.2 -9,/ .p
l.2 -1,8"E
Stammer colour with colour filter Sy ¥, sas min,2s
Minerel aoidity and alkalinity ; niy
Organic acidisy 8¢ KOH/gs max. 0.05
Meohanical impurities t nil
Water:nil

Ash  max, 0.005%
Freezing point | max. - 20%

Sodiva hydroxide : T™he same Quality as for dimethoste and
malathion
Ioluane

The seme quality as for dimethoate and s lathion

Mbsepe

The same quality as for mlashion

Mulsitior

The same qualisy as for dimeshoate and malathion

Bishlerves
Sedive hydrexide - T™he same quality as for dinethoate,

malashion, ethion

Sotion salahage (anhydrous)

4opects : erystalline

mi" 1 2.7

Molsing point: 884°

Solwble in water apg glycerin
Puritys min, 99, 95%




The specit’i = consumitior of the raw and auxiliiry materisls listed abive ig

given below in A separai- tat.c tr each end produ t,

Tavle o Jpecifi- “nsamption ot =ateria.s in dim *hora+. syrithemis
(Crystalline pr-duct »f 90% purity)

Raw material gygozgtgvgonl\-p::::'
I .
94% momochlorocetic acid 1.21%
96% sulphuric acid 0.050
98% methanol 1.111
sodium bicart rate Oell?
304 methYlamine 1.261
98% phosphorus pentasulphide 1.322
kerosene 0.238
sodium chloride 0.1%
96% sodius hydroxide 0.367
toluene 0.500
extraction keresene 0.611

Table 3. Specific comsumption of meterials in dimethoate synthesis
(Pormulated product with 408 active ingredient)

Raw msterial Tpecilic consu.ptiom Speeifie
t/t cciive ingredient t/t formulated
’ ‘ p g -2 4
? 98% monochlorecetic soid 1.,02¢ 0,422
96% sulphuric acid 0,050 0,020
96% methanol 0,999 0,399
sodium bicarbonate 0,100 0,040
38 methylamine 0,962 0,333
96% phesphorus pentasulphide  1.3%0 o, 300
kerosene 0.080 ®, 008
sodium ehloride 0.120 0,042
98 sodium hydroxide 0.32% 0.1%
tolwme 1.107% 0,475
eyslehexaneme 0,325 0.1
osuleirtier 0.150 0,060
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. \ Y
Tihle 4, 3pecirf: . corsur;tion . materials ir. tr. DRSS o B D e SR

(Techrical pr 14+, 9 F artive ingreiens)

Raw mterial Specific consumption
T L t t L]
97.5% phosphorus trichloride 0.76
98% msthanol V53
chlorofora 1.61
99.5% ammonia gus 0,023
99.5% ohlorel 0.77
f 99% sodium cardonate 0.03
carbom tesrechloride 0.66
: 968 sulphuric acid 0.02%
| 964 sodium hydroxide 0.35

T T

3/ Including H"1 neutralization and ?H3 'L recovery.

Table 5, 3pecific consumption of materials in malathi n synthesis
] (Pormuiated product with Jp activ. ingreaient)

v mterial R TN L R O
> ——— = e
99 maleis amhydride 0,"l2 0,721
99.68 othanol o, Sh 0,272
9% demsene 0,071 0,00
968 sulphwrio acid 0,027 0,017
998 sodium eardomate 0. hoo 0,00
99% msthemel 0,360 0,120
908 phosphorus peatasulphide 0. 570 0,275
Selueme 0,323 0,152
mtrestion keresens 0, 500 ", Joo
968 sedim Npdremide 0,123 0,062
sediwm ehleride 0,330 0,803
oanlsitise 0.100 0,050
xyleas 0, 320 0,%05




D S
Table 9, dpecific concumption of materials in <thion synthesisa
?F"\mxhtnd product with 29 active ingredient)

Huw material T 5T ingreatont he femudan. ! ooy et
T — -~
98% phosphorus pentasulphide 1,070 0,",0
99.6% ethanol 1,700 NN
methylene bLromide AP 0,12"
paraffin oil N.100 AP Al
Yés sodium hydroxide AP a0l
toluene 2,860 fe715
emulsifier 0,204 e’ 1
benzene 0.080 0,020

Table 7, Jpecific rongumption «f materials in 4ichl ;rvos synthesis
(Technicai product, 90p active ingredient)

Raw material gzaifio eonsumption
964 sodium hydroxide 0.31
anhydrous sodius sulphate 0.1%

trichlorphon mother solusioms 26,3
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1. SLITIES

12 1fi1cat g

The spucificationy of the Htilitic3 needed fir the plart are as followsg

Process wataor Semperature ; mex. 2’}°C
hardness 3 5° - 6° (Girmap degrees)
prossure : 3 kpf/ce”

Recirculated inlet tempersture ; + 25°C
cooling o
industrial outlet Lompc:aturjg 1 + 387C
wager hardness ; 5" - ¢ (Gorman degrees)

pressure : 3 kyf/em”

Coeling indu- inlet tempcrature ; max. o 15°%

strial water outleS temperature ; + 25°%
hardness §° - 6° (German dexrees)
pressure ; 3 kgf/o-d

liot industriul  inles temparasture i 90°C

water outlet temperature : + 80°C
bardness 5-6° (Gorngn degrees)
pressure ; 3 k;r/o-‘

4 -ata stean saturased

lo~ata stesa saturated

Iners gas pressure 3 .“/..2
ecmposision (ia % vol) ,
0.1% i,
1l « 124 00,
0.1% 00
0.1% 0,

!‘bmttolwllg

o B0, H.8 - afi}
:3 poias 2:50‘:

Compressed air prossure 3 k;t/uz
oil and dust free




-‘n-

Electrio power voltage 3 x 380/220 ¢+ S8 V
frequency : 50 ¢ 0.5 lis

Cooling agent inlet temperature i - 22°%
outlet tempersture ;- 17°C
Instrumsent pressure | 4 - 8 um.z
operating air oil and dust free
dew point - 40°
Puel oil minimum heat values 9,500 Kcal/kg
Methane gas pressure max. 5,000 am WG

ninimun heat value 3 5,500 Kc:sl/hj

Deminereliszed oorresponding t0 24-ata steam doilers
water for steaam

C C Q t

The consumption of utilities in the production of the five insecticides {s
given below in a breakdown by product,

Table 8, Consumption of utilities in dimethoate synthesis
(Crystalline product 908 activ: ingrodient)

Consuaption Rour
Utility por toa of uu\:ou-

active w- wd./max.
T 4“‘"! 3

recirculased cooling water

st + 28°% 766 o’ 2127232 »°

process water 8 -’ 2/8.06 -’

stean 3 kgt/oa’ 64 1.7/8 & i
elecsric power 477 kwh 133/666 kwa |
compressed air 67 w? 18.8/22 W’ i
ecoling agens as =22 389,00 Keal 108,000/108,000 Eeal |
wmter as ¢+ 15% 407,000 Keal 200,000/200,000 Keal
iners gas % 10717 w’

hot water at ¢+ 90°C 206,000 Zeal 70,000/117,000 Keal

o ——— A
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Table 9, Conmmption of utilit

- 4 -

(Formulated product, 4,7 active inrreiient

108 1:n dimethoate cvnthecia

Utility Consumpsion towrly
per ton eof consuaption
active ingre- med./max,

: T
::c:r;:l:cm ccoling water 700 a3 290/300 3
process water 9 8/7.5 a°
steas ) kgt/on” 8.25 4 4/6.25 ¢
electrie power %3 Xwn 225/1,125 Kwh
compressed air 75 na’ 32/38 ¥a’
oooling ageat at - 22° 425,000 Kcal 178,000/178,000 Kcal
ecoling wmater at ¢+ 15%

inert gas
bot water at o Q‘O

625,000 Koal  450,000/450,000 Keul
50 Na’ 20/25 wa’
270,000 Keal 113,000/175,000 Kcal

Teble 10, Consumption of utilities in trichlorphon
(Techai cal preduct, 954

ayathesis
active ingredient)

eiase, v o
aotive ingre- ad./max.
—Si0n%

3 P) 3

Reoireulated ¢eoling water

as + 20%. 200 o2 %0 80 »°

Cooling ageat - 22% 230,000 Eeal 50,000 400,000 Keal

Stees ) Ngf/ea? 0.13 4 0.08 0.4

Coagresesd air 20 ll’ S 12 o’

Inert ge 15 ll’ 3,6 10 -’

Blectirie pewsr 440 Iwa 100 250 Twh




‘ale 11,
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onaumption of utilities in malathion dynthe. 1 4

(Formulated prodeact, 5®% active incredien'

seities e s ive Ml

jen 2od /mux,

r

Recirculated cooling water
at + 28° 1,727 190 208 o
Process water 0.26 15 0.03 OC.6 n’
Steam 3 kgf/om® 17.0 ¢ ’ 5%
Steas 15 kyf/cu’ 0.2 § 026 0.4 ¢
ot water at ¢ 90%C 550,000 Keal  63,0C0 20,000 Keal
Cooling waier ut + 159% 625,000 Keal 34,000 160,000 Keal
Inert gas 62 N’ 6 10 dw’
Electric power 1,030 Kwh 90 120 Kwh

Table 12, omsumption of utilitios in ethion synthesis |
(Pormulated preduct, 29 sotive ingredient ) |
Censusption Heurly
Usilisy 'u:t active comsumption
%h.' -d./-l.
Process water 18.8 l’ 8,2 27.2 -’
Cooling water, reciroulased
as + 20% 1,112 o’ 26 a26 o0
Steen 3 .lf/0l2 48 o 12 l6 ¢
Blectrie pewer 635 kwh 180 300 xwh
Cooling water at +15°C 2,160,000 Ksal 560,000 3,768,000
Inert gao 182 w’ 0 252 »’
Oompressed air 190 -’ 3.4 50 W’




Table 13,

Conmumption of utility

e8 in dichlorvog synthesig

(Technical product, 9% active ineredient )

Consumption

iy
consumption
md./max.

P tom active
ie

Reeiroula ved cooling waser
as + 28%

Process water

Cooliag water at - 22%
Compressed air

Inert gas

Bleetric power

1,275,000 Kcal 23,000

2,870Kwh

2 0’

0.1 o’
260,000 Kcal
70 Na’

60 Na’

500 Nwh
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Ve B IPMUNT

Ina}ul i tion

3oparate ventilat: n gvatoms are provided £or enipment rresenting great
eXp.osion danger or the possibility of discharge. of roxious substances (a8 in
the iimethyldithiophosphoric acid and timethy! phosphite synthesca), o that
eerating supervision ~an be perfiyrmmed outside the firepro ' ar~a and iny
possible explosion will not propagat. through mt the pant, Th» sther aquipment
v placed on three different ieveis, depanding n preooogse rouirementa,

The distillation cclumns, the hydrogen culikide dispoa” plant, and the
methy . chloride recovery plant are in separa‘~ metal bui. lings .*' ‘uated outside

the main plant,
ement s
The required equipment is as follows:

Vesgels

Measuring vessels, day-storage tanks, buffer tanks, sottling vossels,
emergency tanks etc,i made of stecl (OL), enamelled steel (OL em) stainless steel
(VZA, V4A), rubber-plated steel, hard-rubber plated steelt

202 pieces 111 tons

g!;z:;“ vgaselg

Rade of OL em, VZA. VAA’ rubber-plated stee):

Reaction vessels (including 1 stand-by) L
Weterification vessels i
Distillation vessels 5 i
Condensing, neutralizing tanks 10 i
Washing, settling tanks
; Crystallizers, re-crystalliazers 10
Nelting tanks 3
Niscellaneous ]
Total 57 pieces, 380 toms

LA e i,




Columns

Por disti.lation, scrubbing, gae absorption and neutralizations made of

oL, V,A, OL cm, epoxy-plated OL, rubber plated OL:
25 pieces 53 tons

Hegt It
Nade of OL, V,(,A, OL em, VAA' 1gurites

76 piecrs 96 tons

Pusps

Centrifugal pumps, proportioning pumps, vacuum pumps; made - £ OL, OL -p,

8Tey cast iron, enamelled &rey cast iron, VEA and VdA:
96 pieces 1% tons
Filters

Pressure filters, suction filters, centrifuges; made of OL em, VZA' VdAx

17 pieces 23 tons
Niscellaneoys
Nade of 0L, VQA, th

22 pieces 76 tons
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Vo LABOUR AND SAPWTY

ergti Jta

Th plant is operated in f.ur six-hour ahifts per day by 4 staff of 210
Foroons as foliows (only tn. 1o uirements £.r the [ lant and wigte—water buming

station arc listed)s

Process workers 174
Maintenance worker: 22
Foremen 9

A}

Procesa engineers

Chemist 1
Chemica! technician 1
Unit chief -

Tota: 210

Maximum shit't size 59 1

The shifts are short vecause of the hazardous nature of the wrk,

Personnel should be trained in similar plants for three to six months,
depending on the responsibility and functions they will have,

salety soasyres
The manufacturing processes in the plant involve the hamdling of highly
corrosive, toxic and inflammable substances in exthermal reactions amd the

use of powerful electrical equipment, Precamtions must be taken to pretect
personnel from the associated hazards, These Reasures are allowed feor in the

design of the plant:

Isclation of dangerous reactions and processes

Oenersl and emergency ventilation

local vemtilation at dangerous pointa

Automation and remote control of the dangerous processes
Pereomnel warmning devices

Bnergemey lighting

Imergmncy slectrical power supply

Pire hpdrente

The mutomation eguipnent s mematic and, in certain Plases, eamplesion-
proof. In sdditien %0 & centrelised cemtrol panel, ench domed reactor ‘p
provided with & pamel fer pnemmtic control aad = alam gysten,
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VI, PHYSTUAL PLANT

)

G X0 N A7 !

Trhe plant ng ste of the £ wing ity

A

PreAductiom haid (irawiugs by A and v
Open=-air inotallati rg 4 e SRR RS A . SEEPT T P iy but i jacent Y,
Moo 1 for suxiliary procown 5 and services (Arawing 7)

Reactor=box vuilding irawing ¢ )

Upen—air pattomg A Controete appor oon Lhe Yhoro sl A cant to N,

for handling process |iquids (pimps, ‘anks et«,: (irawjin-

sagometer

Adxilliary buildings oaxpe MMy ctrumer b ey arl o . adpia

station

Wacto—wator incinerator (drawing )

The general iayout (Arawings ? and 1 foliowg theae prin-ipleas

It

Optimum procee: desi f -4

Observance of the minimum di.:tan-g between bu:idires needad to protet
aminst fire and -ffect of naxXious -mi.saions

Achievement f an economic and rationa. road 3ystem

Rapid drainage of rain water ¢, the Fowage syotem

12 an optimum arrangoment that wi . al),w th. er>>tion and op ration of

plant 2ither as an independent unit or attached to an 2xisting industrial
mplex,

The area required for plant buildings and infrastructure is approximately
ha (150 x 150 m),

All work relating to platfom Arrangement, excavation, filling etc, has not

tren covered in the present study, either from the point of view of ngineering
lesign or of cost,
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Des rigtion of struct res

P moneral G ructaral apeifications for the units 'Lt mas. ap the plant
e Siven el W o'W ariantsy u e appropriate rfor a co. v the sthir for a
wirt, coimate,

Sriant T (coos  iimate)

a——

"

Ve e Production nal i, Monolithic reinforead - or 'y trane with
rotatad foundati ne Cor piliare and corntinuous wal ! founda fong, Pilling to
T omeodequal ity bricko, Mher conctructions may be aaof, deperiing on 1.cal

Cniitiong,

Noe o Opene-air inotillation, Netal, maltit o1 platy e oar provided
w.th mono.ithic reinforced concrete foundations, Soat'd with rr o' p-proof

naint,

Nie 3o React r-box i iding, [1entical in constru tiorn. '  the production
ha.:, Because of =orrosive gas omisgiond, metaliic construction work of rolled
profiles coated with corrasinneproof lacquer ie provided, Windows must be large
and over-pressurr ompartments and fireproof doors provided v the relief of
rressure if an explosion ve-curs, The floor is of gpark-proot’ bituren with

borders of acidepruo.f bri ks,

Noe 4. Oper=air concrete platfomm, Acid-proof, Situatad at level b 4 0,00 with
equipment foundationc 5f monolithic reinforced coneret e,

No, 6,  Auxiliary building, Load-bearing brickwork on continmous
foundations of reinforced ~oncrete and a monolithic reinforced concrete floor,
The construction is independent but adjoins the waste-water incinerator,

The areas for cloakrooms and sanitary facilities will accommodate the proposed
staff of 210 persons,

No. 7. Waste-water incinerator. Concrete platform at level + 0,00 with
equipment foundations and a platform at level + 5¢00 made of metal frames and

monolithic reinforced concrete plates, with concrete foundation,

Variant WArR climate

_, No, 1 Production hall, Multilevel oconstruction with a metal framework,
no side closures, and a light roof of corrugated asbestos.cement sheets supported
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on metalli- frames, Insulated reinfored ~onepote toundations for the ster]
pillars, If necessary, ground-fiyor “paces will be encl.ied by brick or
reinforced oncrote wiils v continuou:: concret foundiiti~ne and cei.ings of
.ight monc!ithic reinfored concrete platoesg, The ventilation 3ystem provided
tr in variant [ may te >mitted Crom al! 8paces open i) the outside,

No, 2, Open-air intajlation, Multifloored stoclwnrk withi monolithic

reinforced con-pete foundations,

No, 1, Reactor—bny tuijding, Multileve] construction having a monnlithic
reinforced concrete Pramework up to and including level +7.00, steclwork aboye
that, Pilterprotection boxes placed at 30.00 and reactor boxes at 47,00 with
three monolithic reinforced ¢oncrate wal's on the insile, the fourth gide (t‘acing

utside) being left unc) aed,

Special-purpose ground-f'loor spaces (first-aid room, sanitary faci.ities
wnd labore‘ory) clused by brick walls, Rest of building open, without side~
walls, except for a roof of corrugated isbestos-cement shaet supported on
metallic frames,

No, 4. Open-air concrete platform, Same as in variant I,
No, 6. Auxiliary building, Similar to variant I.

Bo. 7. VWeste-water incinerator, None, Maste water is diascharged into
such places as abandoned mines and the ocean at no cost,

Air-conditioning facilities may be required in warm climates, Detailed
specifications can be written when the Plant location has been determined
and the climatic conditions at the site precisely known,

Rgm ﬂliﬁbll to both variante

Steelwork will be treated with the corrosion-proofing materials appropriate
for local conditions,

The construction design takes into account both evemly-distributed and
concentreated equipment loads,

The basic data and the external factors considered in calculating the
structures and fowndations are as follows:

Oround pressure: 2 kg/om’
Poundation depth: «2,00 »
Underground water levels =350 to 4,00 m
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Wind speed: 30 m/sec
Seismic derreeg o

Snow load: 75 k¢/m

ot should be il retood ‘hab if *he iesi,3 ie changed t. meet hanges 'n the

basic dats rjuired vy T al onditions, th: coot estimates piven below will

n> longer b valid,

ndr inats. ati ne

The *5*a. inctaliedl clectrica. p 41 12 l".1 = 1 kW, pa. ..l on w. op-rating
power PO = 1471 and a required rower Pr = 112 kW, out of which 300 kf ar~ fr
emergency supply and ancil.arics. The electricity i supplied at IR 2 y
and 5 Hs from a transformer sta*:on eraipped with ‘wo € "  4ukV ' ranaformers,
sach rated at 1,670 kVA,

The power supply t, vital! opera‘ion:z (thoe: that must mot be irtermapted
for more than 1=/ gec)is from an emcrgency &roup with & "notbreax™ mn of
350 xVA,

The opsrating stunaards in the various units Jt the ¢-ant are as foliowet

Nao. 1, 2, 31 Fxplosive mediua (VDE 7165 in the siandards of ihe Federsl
Hepublic of Cermany); explosion class 2o ignition growp (),
Ro. /3 Normal medium

No. 7: Normal medium

The supply »f ~lectricity t» Bos, 1y 2y and 3 is iirect from the 0,4-xV
main distribution panci in the transformer station. Mor No, 6, 8 lncally
. mounted panc! supplied from the transformer station at a voltage of 0,4 kV s
_‘ provided,
The main low-voltaze panel in the transformer station is connected by

¢ aluminium bars to the O,4=~kV terminals of the transformers and provided with
draw-out switches, retention by servomotor and elactromagnetic thermal relags,

There are fuses, oontactors ani thermal relays for each moter connexien,

s

g The eleciric motors in the emplosiom=hasard area, are comtrol!ed by locelly
: mounted double push-buttons (type (Ex)d26) in the VDE 0165 stamdard). Theee in
the waste-water incinerator are cemtrolled from the pamel. Motors reted at

over 40 ki are provided with locally sounted sameters.
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Condustors are nou ated PP r-wir Ll 8 . noate 4 i

A S A, ©oor
(PV') for tr. wmt 18 .n TP Bivnelszard Brok wrl onc, et 4 o4 PN D UPLCERTI
B sheatred 0 PYY for tr o motohrer in Lt r AT 1, A ST T SO
motasiioc brger o, MU cond. tora withis, the ot FY motso oo a0

tarulatod @lar camer roooab 5 gy PYR Ehsath: add robr groL g
preto ctive tabea,
A battery of cara * re mow ted 1. the transfomer sty (a0 L4 - ar
wed Cor e stion f e rower factor (3,;),
fhe cost o atimater given b w inciude the £ Lwing .'emst
ower 1istr.uu‘'ion panelv complete with ~onta tors, f
relays, instrunemtation ad distributi.n oar:
Zomtr . :ables and pust-iuttons

.3es, ‘rermal

M-~talii~ briicer for -au.es

Transf ,rmers

Bl tri:al nework (044 <V) >n unit Mo,

Rorma:, -mepger:y ani vatd. r lighting withir tn. bat’. ry .mits
Lightring rode

irounding for i transtorm r -tatior,

Werger y group and th- tistrivution pane) for sgentidl ] trp, ..
Scr\'i('-sﬂ

Installation for ;o wer factor :orrection

Not included are the cornnexions t. the 6-xV sour-e and the t=kV m*t pr fur
the emergency group (350 kM),

The epeoificatioms thet fo.low do not apply to variant II, in which ventilation
is not provided for,

Buildings separete from the plant are mot provided with heating ir. thia

Planj & decisiom on smitable heating installations will depend on the climat.
of the location,

Regarding ventilation, the specifications for the different anits follow,

No, 11 Because of the possidbility of the relesse of noxious vapours and
the danger of emplosions, & mechamical ventilation wnit capable of renewing
the air 18 times am Mowr, dased on cutdoor 8ir, is provided, Apart from that,
local vemtilation imstallatiens are installed in areas where the noxious emissionas




b b ovx vy ra ly 80 me, e e ‘W Pl a3t nyal $ e W and thraee at
+ TaN, The fans are 0 qpl £, ropr ot st 4o wd the irivine o ¢, pp
prot ot [y M geaniard

e e VRO :“.\)0 sl 4 g0, vah o tear anlor et hoy Wi be

violel wi'n oth 4 er ra ar . an emorean o mecnany cal vent i atior  yet m,
Tieowir 2o one £ 0 the s pert’ cvstem o L, rete sl atm o SpLero, ang that
trom *he moreg v cestor 0 L izt aewst roortanerat vy The mper catiop agr

12 "aker f'r o the itmospr re,
T air n *%. L .x rrolor at [ vel o+ ,00 §. K o ounder Joeitiv pregaure,

At eve o ., whi v isus 10 p “harging tr reactor (at +7,00) with
rhosphoric pertasu :nid-, . genera  vorntiiati nogect moand 4 fle p Dolusting
u.it ar ppovidod, wWith the o ey aation sir taken from o the atm sther. o
Th air ‘rom the o0 pal wm v i, 000y Wil b oexhausted Vb wagtoaewator
incinerit.r atatin, and thar ©r -t tedust ing unit will bs dje ‘har.nd t,

the s'mosphere aft.r passins through 1 deduting yoione,

ut o

The water suprly syatem, whihy besides the rormal sanitary faciiities, g
8.80 includes a fire=fighting system, and the seware mystem are installed only
as far as the battery limits., ' he purchaser provides the water ir the quantity
and qualiity specifi--1 bel.w, The puri:haser shall also arrarig® disp:asal of
domesti~ waste wat.r, rair water and hemically impure water outside the

battery limits,

Fl,)w rates and pressures

Water suppiy gyctome Th. maximum flow rate in the sanitary facilities is

1.2 1/sec, and the dai Ly average f1low rate is 16 -3/dsy. In the ind>or fire-
fighting system, the flow rate is & 1/sec (two jetm of 2,5 }/sec each), and the
flow rate for the outdoor fire-fighting system is 25 1/sec at a head of 55 m,
The stand-by water stock for firs fighting is 240 m (made available by the
purchaser),

SORL: wYite. The maximum flow rate of domestic waste wter is 16 l’/dq, free
falling to the dettery limits, The actual rain water flow rete depends, of
course, on the climate of the location, Here it is asswmed 10 be 100 1/sec,
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™e 7 oor Wt wmter, t.go*her wotn ‘re neng s SLompare WAt or fror the plant,

“vi v £ w rat. of Sm}'.’h ( ol ooy e o vop h).

dater phy i - nemicw.  bapy ri.t

The: drinnng wat 1 hae *h. phycic= . omi TArACTariotics spee ilied fap
heopoant Docation, ' 1Al 8p 0 1L at) ags APoasailaiio, th water moets
T oAt oona normg, The Wt r £or *he = v —f 4+ T systo mect - the standapds

Yotther irminking or o indaetria; wat Ty,

Miping

H'ts pupply fxstem. ‘he drinking water tor ‘he sanitary farili‘jeg

‘wnih-starda, basins, dhowers, toi'e's and irinala, as well 13 safety showers
In ‘he production hall) is !istrib.’ed Arouch A networr sf laip, ¢ 11y,

tinc-coate! stee, piping,

't dom stic water g wbtained trm g ly .3, ied boilrra havirg a
Lty Of 1,000, and is districutod through '-:y t . *Iain, sine—c ateqd

“

teel pipinge

Inio.r hydrants are suppli-d with water threagh  —ing ty 2loiy, i1a K=1ron
tipirg (zin -coated stecl i b wmt.r Potanl), sl the irlior hydrants
wil. hav. & gpecial 2-in, spray nozz'.,

The purchaser or :lient is responsit,. for th. wat:r supply to _utdo p
ydrantes and for the chemical foam unit in the main storage apaces,

3e e g o Domestic waste wator from th. various sanitary .nstallations

and safety showars is transferred through sloping :ast-iron pipes (NW 50 - §W 100)
joined together with tarred rope and bitumen magtic,

The rein water from the roof is discharged by frae fal] through cast=iron
pipes (diam, 100 ~ 150 m), with discharge at the pavement lovej,

The wash and chemiocally impure water from the plant is discarded by free
fall through 100-a basalt pipes, Discharge point is at the battery limits,

Watewator incinerator
Genere] deecripticn

The waste water from the manufacturing processes and the 8ir contaminated
with noxious emissions from the ventilation systems are destroyod by incineration
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. <N 3 anigue plant that jaegs Mscoud or liquid fue. for ombustion, Thig plant
narats of the foll. wWing parts:

Noxious water and air ciregits
Fiel circuits
Incineration units

Heat- recovery and stoam=production unit

The who!s Assembly f ms a scparate unit located away from the manufacturing
piant,

t paragmete

The composition of th. broc-ss waste water is as follows (pcmuxt&.e)!

wvater 66.60
NaC) 8.20
Nabdr 0.7
la‘CO, 1.3
mineral oi} 7.20
NeNCO, 0.60
la,l 0.3
Naon 0.027
diethyithiophosphoric setd 0.2%
MORSeh 1ot acetamide 1.3%
dimethy lphesphoric agtid J.1%
dimethoate 1.360
orthenitrephenete] 0.004
nitrephenstol 0.017
othano} 0.03)
orthephonetiding 0.02)
ny lone 0.006
Widentified oryanse Retber 2.300

i other wvasee 2.320




The air dischar;rel by the ven'lilation systems has an reani ~-matter
conteat of 0,5. M,

3
ingtalled flow rate: ' m M wag'e water

Piel conwumpting

During the first 1% lay: of the year: fuel o1l, 179 k.- M, or
methame, 1), m’ 1

During the Iaai 19 days of '‘he yeart fue! oil, 2% ky'h, or
methane, 3 n’' M

Flectrie power conmumption?
Installed, 37 xy

Under operation, 2%, kW

Steam production in the heat-recovery boilers
luring the firat 150 days of the year, 6 t/h
During the last 150 days of the year, 15 { %
(™e steam production during the fipat 150 days may te in-reaged to
15 t A by Lurming supplementary fuel.)

‘ongumption of demineralize water for steam productions
Maximm 20 oA

Consumption of imdustrial water:

Maximun 15 M3/h

Flow rate of burning gausess
Maximum 30, .00 13 h

The waste water is injected under pressure into the combustion chamber,
where the fue] is burned at temperature of about 1,0000-1.10000.
air is used as tne source of oxygen,

The noxious
The products of combustion are passed to
the steam bojlers, where they are cooled to 280°

the atmosphers through a atack 25 m high,

- 29000, and discharged into

The residues from the non-combustible matter ir. the waste water ars
stored for a time before disposal,




IR —

e

e ——t

Jthep s,';ecificil “n!

The acacribed plant ia t. be orerated im such a way as t> ensure the

CEtrition of all nutious wastes,
The ~ost egtimate Joee nd>t include the cost of the following items:

Removal of the residues
Vtility and steam pipes
Delivery of fuel to the plant
Water demineralization

Central fuel storage

Th: propused aquipment may require modifications depending on fuel
Tia.ity and other variables,

Th: plant operates only on liquid or secus fuels,
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VII. ECONOMIC ANALYSIS

\4 timate

Bstimates of the capital investment required for the plant in its two
variants are given in table 14, The estimates must be regarded as quite rough,
since actual costs will depend strongly on local conditions,

Table 14, Betimated capital investment requirements
for the insecticide plant

Ttea — Frocess Waste water Total
¥o. plant incineration (th \: P
ten {thousand $) plant ° ‘-'"
(thousand §) )
) § ! 3 4 L4
1. Equipment 2,6)9 37 1,997
3. Equipment erection (labour) 170 265 435
J. Pipes {materials) 660 46 706
4. Pipe erection (labour) [ 1] [ t 1]
S. Instrumentation (equipment) JeS 3?7 402
6. Instrumeatation assembline 79 1) 2
(labouwr)
7. Nodificetions for Tropics 13} 18 149
0. Tramsportation - - 02
9. Conetructions (materials) - - wvar 1l var 11
7%0 600
10. Cometructions (labowma - - wvar 1 wvar 11
500 100
11. Veatilation {installation var I var 11
and oguipment) - - 110 -
12. Veatilstion (labour) - - 13
13. Water installatien
(equipmsnt, and materiale) - - 11
14. Water installation (1abowr) - - 2
13. Rlectric instsllation
‘mﬂ.u’ - - m
16. Bleetrie installation
(1abour) - - 106
eoetal., var. 3 4,93 wver.I 79) var. 7,273

~.xx ‘.”’ ‘l.Y! - m.!! ,..”
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. e e

"he investment in capital and other items is amortized arcording to the

schedule shown in table 15,

The costs of the materials used in one year's production are set forth

Costse

in table 16, and the sale-value of the end products is shown in table 17.

The prices given in both tables can be counted on to increase gigpificantly

as time ~oes on.

Pr_of‘ita

All the costs and the income from sales are brought together in table '8

for the calculation of the profits and rate of profit realizable from the two

variants of *he plant.

Table 15, Amortization of investment and other items
Investment Amorti- Amorti- Amorei-
value sation sation sation
Item (thousand $ ) period (%) value
years) (thousand §)
var.l wvar.ll var,l var.l}
Constructions-
installations 2,98 1,73 30 3.3 80 *§9
Process plant 4,092 4,092 1% 6.7 212
¥aste waters
incineration plant 783 - 18 6.7 52 -
Subtotal 7'27, s.'” 5.‘ ‘0. ’2,
Design 727 727 S.6 4] 4]
Know-how 300 300 S.6 1?7 1?
Running tests S0 L [ S.6 k) 3
Personnel training 30 $0 5.6 b ) 3
Total 8,400 ¢,9%?7 5.6 468 39}
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M™dle 17, Ammual sale=value nf end products

Amount Unis
Product (%) ice
Diseshoate 1000 4029
Trishlerphen 800 2879
Mlashiea 400 3700
Bthioma 200 8800
Dishlorvos 58 2200

TOTAL 2458




G0y sost andt pr
. Thousands of .)

Itoem

Production value (sale nrices)

Raw materials

Utilities

Total salaries (arii‘rary)

Nominal capital costs( 25%)

Fixed means amortization

Repairs (2% 7 fixed means)

Land renta’ (6000 $/ha x 2 ha) 12

. Taxes on fixed means 36
{1.58 for constructions)

Insurance premium 18
Other variable expenses 209
Interest (9%) 756
Know-how amortization 25
Other exvenses 200

Costs for waste water 206
incinerator

MAL 1"'2t° 15 0 00 8 0000 0 0 7110
GROSS PROFIT 1783

Legal reserve (5% from the
gross profit) 89

Taxable profit
Tax on profit (30%)

Net profit
Rate of profit
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