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GLUS ARY UL Triadio v U aoualV) Ll s

ABS ! alkyl benzene sultonate

Builder P naterial used i) cowjuction with
syntietic deter; ents to enliance
t'ecir action,

bbB t Yodecyl benzene

LbBS ! Yodecyl llenzence oulfonate

Hard water 2 vater woortel contains Ca and Mo ions in
excess of 250 bi'M, (parts per million)

Hard detergent ! A non-biodegradable deter,cent: i.,e, re-
sistant to racterial depradation,

Hydrophilic Group 2 A strongly polar roup, usually iich 1in
oXy;,eng, that 1s attracted to water and
repelled by fatty materials; a lipopho-
bic aproup.

liydropholiic Group * v hydrocarbon group that repels water or
18 attracted to fatty materials; a lipo-
philic sroup,

Lax ¢t Linear alkyl berizene sulf.nate: a solt
or biodepradalile detergent,

NPC s National Fetrochiemical Co.

D45 t Sodiin alkyl snltfonate

Soft Deterpent t biode;radalile deterge.. .ty one consumcd

rapildly by bacteria,




Soft water

STRY

surfacta.t

GLUSLARY (Contd,)

$ ater vhico cootains less han 80 i'pm of

i

Ca airnd My dois,

sodium Tripo lyphosphate

A surlace active a ent useflu! .. a detergent

or a4 wetting or ciulsifying apent,
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A review has been nade ol deteryceats and “ow tihey t'it into
tive lranian indusiry, economy and useage. 1t is concluded
thhat in rural areas where water is not too hard, conven -
tional suaps sionld be continued in use hecause th:ey ire

el'f'ective, and in orcer to wake cconomic usce o1 fatty by-
products ol the slaughitericg ircustry and bec.aue ti.ey are
biodepradabie ana do ot pollute strew.s and uncer, roind

waters,

Where watcers are vard —« as i 080 ol Iira, - syt otic
detergeits arc esseatial, ard £ ois ced an oo o4t Ly a1
10,000 - 12, M()/i‘t,.! dodecs b Loz e (0b) Lt at i,
Toe detorgent e 100t o1s material, called alky U bhenzence
sultfonate (Ahb),is very ellective and efticient, but it is
von=biodepradatile, wiic, loads to major robilors i s0 e

disjosal, LRXUC L s ew asclatsd o Coses

s thoere are rot
yet any sewage disposal  laits i Fran, with a:l scwa;e be-
ing disposed by cesspool - so0il iercolation (as ic 1o ran )
or by wisciharge into rivers, estuaries or tioe 5018,
Froblems associated witi a hon=biode, rada se aoter, ort oo

not yet arisen in a scrious ftuashiio:n in lruan,

A ostud ol i rent g otential o arkets Sor detersents in
Iras reveads oo t, on extra ol bt o the de i rowt s of
thie paot two or three yo oos, o Cuiacdity o the von S lart at
Abwdan to su; uy the coidiivad domestic and exjport markets
with synihetic detergents will be exhausted by 19723 and by
1y74<75 tor sodivw tripolyphosphate (OT11) L'rom the new

plant near usiiraz,




This conclusion requires, howevir o gualific tion, as is

apparent lrom t is table:

* %

m.tons o1 comjounded deter ents co: taining 30, DY sulfonate

Consuwed in_lran o Lxpurted_to Losi Totul

M.stous wincicase L, tous ol total
1968 19,000 10000 Lo 25,000
1909 2G5 Lo, 500 50,5 24,000
1470 274D - REENERTRS "7 b so0
1971 Jl,cu0 — 2o, w0 39 ~1,000
1972 (ust.) LOo,00. _ 20,000 3343 a0, 000
1973 (Lst.) 52 G 5,000 32.5 77,000
This emphasizes wil o oot 0 v L o de endeace the he lth
of thidls indusiry o ole Gooex oorts to saissia, Uver oo third
of all thoe ¢ 8 are om0 o= e by et vt ooushh the  rowth
in domestic adeoood has Loen very rooLboaand stoeady, the | rowth

in L,yS,o.lk, exports bhave L en oven Ceator, ranging from oone
third to over one lLialt o1t all production., obuch a lar;e
dependence 1ipon a dermuid that is tot . 1ly outside of all lr.nian
controls can hLoardlby o v heaithy, 1t is true that these
exports have s.own o 2. Vessave  rowth during the past five
yearsi but Lhe ineseccurity ot tnis business is manifest when
it is realized chat it rests on Larter deals that could end
abruptly shonld UeSevens 11 other detergent sources, or
should Usoeuene Lail to proveade compensating exports desirable

to lran, or stonld untorcscen political obstacles arise,

* 9%
———

It should be noted that some deteigents produced in 1ran have
«8 dattle s 17 DDB sulfonate, but this is 1ot usual, It
Hayy however, influcnce the date at which current domestic

production becomes inadequate,
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Tiris 1actor Lust be c¢hi; hasized, becose it vakes rational
plamin, for the cx, ansion of ihe Iranian synthetic deter-
cent industry very ditticoelt, It the L.s.oed, requircnernts
from 1;an continue to prow at a rate s rojected I'ro, the
immediate past, then our dome tic prouuction ol oo ana STLP
will fail to mceet requirenments by wid 1972 for DUB and by
19Y73=-74 for Sitb, Ity howver, the U,S,3.i. demand wvore to
end with 1971, our current production would suifice wuntil

end 1974-75 for DDB and probably until 1976<77 tor sTiP,

Further, considerin; the.co ticertaintics, it becones all the
mwore inporta:-t that ruture ¢Xpaksions in the production of
syntlhetic detergent waterials bLe of a modern type, e¢.p., linear
alkyl benzenc sulfonate (Lab) (see below), which, if need Ue,
canr be ex;orted to conpetitive marhoets that 1o longer will
accept the non-biodoe, cacaile .. cdoetorconts Pt is 0 hvions
that hetween tne oxbanstion 0 ur goesent s rodictive copa-
citics and the ercation 1 L o acartios al cajacitics, Liere
will Lhave to iirterveioe o Serroa woen vhie deficrencies st Lo
jrovided by injports, nodern jrodoctive racilities in the
chcnidcal rticld vopiire g ioied iate ottput of at least 700 of
rated cajiacity Jor ccoion o fvncticing so that thae new plant
expansion wuust wait ou the developient ol vew deand - conlbined

domestic and ex,ort - lor closc to 70, ot thie new output,

In order to iiake the plasning for the fuvture exj-ansion of

this industry as  ation ol oo o e, Turther studiocs

H

beyoud L ods 1o, ore e e Ly e Loas study Tas corcoeried

itselt largely ith toecinaco | AS ol e TS sou Wt to




direct attention to the specific synthetic detergents that

will best meet the future needs of Iran., In this study,

also, an attempt has bcen wade to gather and interpret what
market data that exists relative to these materials, - but

it serves to point up the paucity of the data and its in-
adequacy relative to our needs. It is recommended, there-
fore, that a study in depth be initiated to develop greater
market knowledge on synthetic detergents, which, while

directed primarily toward the domcstic market, should extend,
so far as is possible, to tiiuse export markets which might
serve to absorb the lranian excess production, It is important
that any new plant be of such a size that it can enjoy economies
of scale, and that appears to be a dubious possibility unless
an appreciable export business can contribute to the volume

of production. The recomnended study should range broadly, but
should seek to develop knowledge on the following pointsi=

a) An aunalysis and projection of the domestic demand for
synthetic deterpgents, The projection should extend for
ten yeurs, i,e, until 1982, This will require demographic
analysis covering both population growth and the rising
standards of living which are often measured by the per

capita consumption ot detergents,

b) Far more difficult than a) is a similar effort directed
toward selected possible expui't markets, The selection
will have to be in luiv,;:e part arbitrary, resting on
political and economic tactors, and on what the export

recipients h.voe in wmoney or commoditivs with which to



d)

pay 1or the synthetic deterpents. Our exports can be
three-folds linecar alkyl :cnzene, linear alkyl bhenzene
sttlionate, and completely formulated synthetic detergents

in bulk and in jackaged form.,

An analysis with the l.elp of engineering contractors of

the systcem to be usced tor the production ot linear alkyl
benzene, and to develop what size production will be
economic under Iranian conditions: also what raw materials
will be required under the several systems of jproduction
with particular rete:rence to the jproduction of the straight-
chain, alpha olefin, OUnly when the optimum production size
has been established can we project at what point 111 our
time VS demand curve the approximate time when thc demand

will absorb 70% of the new production,

Requests to bknpgineering Countractors tor initial order of
magnitude offers should bLe requested .ithout delav in

order that this planning may start withh proper proport.ons.

The study should seek to gather technical and market in-
foruiationr on tiie newer synthetic deterpents that are in

the conrse of development, This intoriation though it has
a low immediacy can be valuable to jrovide both directiou
and proportion to planning for a "third generation" pro-
duction, targeted, perhaps, at 1982, Long before that

time is upon us, a clear concept of direction and magnitude

should have developed in t:.is field.
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An analysis of the vast number of currently developed and
developing synthetic detergents leads to the conclusion
thati-

a) The currently produced DDB sulfonate will continue to
serve the rural areas well and etficiently and :ts
non-biodegradability will involve such areas in uo
major problems. The production of this material
should not be interrupted, except, that as urhan areas
trow, efforts should Le made to direct the .ABS deter -
gents to rural areas, and the newer biodegradable deter -

gents to the urban areas.

b) With a half million cubic meters of sewage being dumped
every day intg7ggil under lehran, and comparable per
capita amounts in other larger cities, sewage disposal
plants are being planned. These will be necess.irv to
avoid subsoil water pollution and health hazards, and
to recover the waste waters for use in irrigation,

Such pians compel us to look to a biodegradalile detergent
for a "second generation" cleansing a;ent, .Adhering to
the dictum that at this time Iran wants only well proven
processes and products, the choice of a new surfactant
centers on linear alkyl benzene sulfonate (LAS), A
productive unit is recommended, large enough to gain
economies of scale, to supplv domestic needs for urbtan
areas and, being biodegradable, can win a possitbtle jlace

in export markets, U,S.S.R. is currently taking one




third of all the .iLS deter onts produced i1 Tran, - lLut

this important warket is tenuous in view of world reaction
asainst non-biodegradable deterpsents, The technoiogy tor
the production of LAS synthetic detergents is readily avail-

able from a namber ot competitive sSources,

It is emphasized that an effective synthetie detcrpent
consists basically of two essential components . a
surfactant and a "builder". lha most ef'f'ective nd
economical build v 1s sodivum tLri polyphos;hate (o511'P),

A productive facility for t.is material 1is now under de-
velopment at Shiraz Fertilizor Complex, whi<l wiil utilize
soda ash lrom the jlant ow nearing concletion in tne same

plant area,

Looking forward to 1978-1980 a "tiird ceneration” of
synthetic detergent i1s ~onsrdered a lincar alkyl sulfate
which is a superior surfactant, lhhe manufaciuire of thre
material wiil depend on the production o a C12 014
straight chain; primary alcohlol Ly polyucrizing etivlene
in a teclmique very sinilar to the process that NI'C/Mitsua
will employ in the production of high density polvethylene
resin. It is important, thereirore to ti1ve consideration
to this proposal at tlns tiwe so that the demand for 'n1gh
purity ethylene and plans for a production facility can be
coordinated and possibly made a4 part ot the NPC/Mitsui

Ulefin Complex,
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INTRODUCTION

Curreintly, Iran has a deterpent industry that supplies the
domestic market with soaps and synthetic deterge ts, the
latter based upon 10,000.-12, 00 m.t./a of dodecyl benzcne
produced bLy Abadan Fetrochewical Company. Obviously as

the lianian population expands, additio.al amounts of
detergent will be required; and as tiie 1 anian economy grows
in affluence and the industry in sophistication, .dditional
types ot detergents wiil be demanded. 1t is the [ urpose of
thiis study to look aheuad and to recommend to National Petro-
chemical Company the type or types of deterpents that should

be developed to supply those growing needs,
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DETLRGENTS GLENLuAL

A, Soapss Amongst detergents, the carliest and for many
years the only cleansing agent was goap. wanut artured trom
natural vepetable and animal oi1is and fats. When properly
selected and produced, and wihen used in waters 1ot ex. cssive
in hardness, soaps function well at woderite cost and with
considerable versatility., coverin:; the biroad spread 1n uses
from personal cleonsers, laundry and industrial textile
clcansers , industrial wetting, dispersing and enulsafying
agents., Much of the raw materials are zlose at hand nd of
low costs, e.g, animal tailows and veyetable oils further,
~oaps can be made in widely disrributed f1.actories ol modest
size and capitul requi ecments  oid antil 193% 1940 faltiiled

virtually all cleansing dispersing and emulert'ving {unctions,

The chief defect of soap 1s the extrepe senzirtivity tH the
presence of heavy metal imjpuritics in water, = ¢ -“al-cium

and magnesium ions, whici prec:ipitate the soap as an insoluble
curd. This curd, when deposited in small awnunts 1row successive
launderings, leads to a yellow or gray coloration and a summy
feel to the fabric. When howevrer, the water is not excessively
hard, the use of an excess ol soap c¢an soften the water by
precipitating the heavy metal ious. It enough soap is used,

it may disperse the precipitavted cuord, Thus, soaps may function
reasonably well, even in modcrately hard waters, but the use of
soaps to soften water, or in large excess to cleanse in h.ard
waters is very unecounomic.:l and, 1n addition, leauds to velilowed

and gummy fabrics.
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Summarizing soaps, they are still preferred where soft
water is available from natural sources or Ly water -
softeiang treatwenti also r'or personal cleansi .. where

there is a i:igh soap to water ratio. No synthetic
detergents have yet been developed from which good toilet
soaps can be made that function as well as good coconut

fat soaps. There rewains an important economic advanta; e
to the continued use of soa;'s where water 18 sol't encvugh

and also to provide an outlet ftor the chieap and abundant
tallow which is a by-=;roduct of me.t production, tor
example, soaps continue to be used in the emulsion copoly-
merization of butadiene and styrene to produce SBR synthetic
rubber. OSince the process is carried out In deiounized water,

soaps are effcective and function at low cost,

In general, water wihich contains up to 80 ppm (paits per
million=mg/liter) of total hardness (calculatced as CuPOj) is
considered soft; above 500 ppm the water is too hard Lor
effective use of soap. and between these two limits 18 a wide
area in which soaps may be used, but with increasing difficulty
and economic disadvanta, e as the hardness incicases, Untor-
tunately, in lran, most watcvrs arce hard in varying degrees,; and
are, in ;eneral, too hard tor effective use of soaps, >urfauace
waters vary in hardness from place to place and from scason to
season., l1ln surfuace waters that drain to the Caspian sea, total
hardness varies {rom as low as 1u0 ppm, whic.. is relativelv soft
and in which soaps may function, to as high as 1300 ppm, in
which soaps cannot function at all. For rivers that drain to

the Persian Gulf, the averape total hardness is somewhat higher,
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making the use of svaps even ore inetl ective, Deep well
waters, e.g. in sShiraz and Ist'ahan, are without exception
too hard for eftective .and economic use of soaps. Sce

Appendix A for wat..r qualities in 1ran. Iiiough soap use

may be low in unit cost, it is excessive in application
cost, since a major portion of the soap 18 used to zoften
the water, uand the large amount of precipituted scap ~urds
yield off-color and gumiay-feel g tabraics,

i
The above resume on soaps lias been included in order to
point up and emphasize the impor tance of finding and develop-
ing more eftective and economical cleansing a: euts than soap,
All over the world, theie iras beernm a constantly growing
pressure toward the replacement of soap (except for personal
cleansing) by synthetic detergents which work with ‘reat

effectiverress and economy 1n cold and hard waterse,

B, Synthetic Detergents

It was early recognized that calc<um and magnesium salte of
organic sulfonic acids have relatively high water solubail:.
tics as compared with the solubilities of the same salts of
carboxylic acids, i.e, soaps, It was natural, therefore, to
seek the development of hydrophobi- groups (water repelling
hydrocarbon chains) attached to sulfonic acid groups (as hyd
rophilic groups) as replaceuients for tije readily precipitated
soaps, --- and such materials were, in fact, tue firast synthe.
tic deter,;ents, Such compounds can be produced in a number of

ways and there has resulted a wirole family of such compounds,
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each with small difterences iu properties and with vary ing
ecounomic advantages and disadvanta, es, fhe nltimate scoloc

tion of a suitable synthetic detergent tor larpge scale
production depended in large measiire on the relative avail-
ability of its raw material requircments, Rapidlyv, soon aiter
1945, one such compound 1ose to a dominant position, a.d dra-
matically swept across america and Western Lurope and in little
more thamn five yeuars (1915-1950) displaced over one falt of

the soap in use and covered broadly the entire usce of Geter-
jents t'rom household nses througt industrial ond laundry

applications,

The new synthetic deterjents were mostly dodecyl benzenece
sulfonate (called alkyl bcuzere snlfonate or AlS ) and typically

represented by -

CH,~CH-CH,-CH-CH,,CH-CH, CH S0, Na
CH CH CH, CH,
3 3 3 3
Hydrophobic or lipophilic Hydrophilic pronp,
group

The sulfonic acid group is fixed 1n 1ts hydrophilic propectioes,
but the hydrophobic hydrocarbon chain c.an be made lo ,,¢r or
shorter at will and so alter ts properties, 1t was found

that a chain contagining 12-14 curtions fiave an optimum balance
to the sulfonic acid group and iresulted in a very ef'f'ective

detergent, Furthermore, it could be produced by well | nown
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tecliniques in large quantiti. o . 1ow : T W vopy
effective in cola, Loaond wator 0 0 1t WS w0 ont toxtioe or
alleryic et'1rects, Lheo roa ot o 0 il e ol 1l 8 e Ler -

cent rew rapidly,

The Ao aete. . :t,e however ., oo AR EP T T SO R K Tvwo ot jon [ BTN S

anitd later Jjt was Ggiscover . o Ve o Thirtd o very serions

derlect, Fhe two initiadl detlocts we o Y 4 recativaely

harsle action woeic! e 1 ond i e Tor o rerao o ai Cledb=a
and b)) a siaried capacity o it e rt ang o sodl o - |
but a powor abiitity to tolad the lipte . e sc =10, and
ail important L ortiv o] i S W s e posited o tae fabriae,
leading to a 1.t - . ' oot colored riaberials, I
tiwe oad oo ot t’ i threne detfeets were ov oicoiie or b1 -

1 Zoed s -

a) The qarshuoess by the bocor ot ation o emoilt ot

i

b) Through ite reco, aitrar of 1 e do, ot vice ot " (I
and o cdy developaont and aise s e scntral con e oA 1
svintihetlhiic detorpent conjpositions,

The bailders are corlordal materitals woildhn soive to L old the

soil lifted oft by the B doters cnt g st le s, cns8i1o

The woust et rective "aititers are polvic ric sodin. or  otassitu

phosphates, e.p . tetrasodium pyrvogphosphiate (NuuPlg)N), soditun
-

tripolyphosphate (Nd')l)')(’lﬁ‘)' i hntpher phosphate ol viers,

The one having optimum properties at noderate cost s been

the sodiuw tripolvphosphate  roeasonanle stabid ity cver in

ot water, excellent jovers ol colloidal suspensi o, anc stroag

>
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complexing power by which it tics Up and renders ineffective
heavy metal ions (e.g. ferric ions) which arec responsible

for wmany fabric discolorati .ns, These polymeric phosphate
builders are used i fairly large proportions, e, , up to

60% by weight of a synthetic detergent formulation, They
are, therefore, of prime importuance in the developiieat of g
synthetic detergent industry and production facilities for
sodiwn tripolyphosphate must be creatud to iarallel those for
the synthetic detergent itseclf, The use of sodium tripoly-
phosphate as a sSynthetic deter, eut Luild.r now represent the

largest non-fertilizer rhosphate application,

In addition, it wus discovered that the incorporation of small
amounts of other colloidal materials (e.g. 1-3% of sodium
carboxy methylcellulose) greatly increased the capacity of the
pPolymeric phosphates to hold lifted dirt in suspensions from

which little or none was redeposited on the cleaned surfaces,

Thus, the modern synthetic detergent emerped and when built
with polymeric phosphates and carboxy methyl ceilulose
(silicates and othber inaterials serve as altervates, Lut are
not so effective), was very effective and economical. Since
much of the world must carry out its Cleansing operations in
hard waters, this new synthetic detergent rapidly pushed soaps
aside, and in so doing resulted in a precipitous drop in the
price of tallows, Though intensive research has resulted in
the development ot many new uses for tallow, the price level
8till remains considerably below that at which it was as the

basic raw material for soaps,
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Nothing, it seemed, could be more efficient and economical
than the new ALBLS synthetic detergent compositions, and so
Iran, in seeking to develop a domestic means to meet its
hard-water detergent needs, built at Abadan a facility to
produce 10,000-12,000 m, tons per year of dodecyl benzene,
This material is sold to a number of ultimate deter;ent
makers who sulfonate und compound it. So far it has met

the domestic needs very well and it has given little trouble
in Iran, - but elsewhere, particularly in America, Western
Europe and Japan the use of enormous quantities of ABS
detergents has led to vast meuntains of foam which inundated
sewage disposal plants and reiidered them inoperative., 1t

has filled rivers and lakes with great intractable layers

of foam, Lkarlier in this discussion, it wuas noted that ADS
detergent had three major defects. This was the third detfect.
1t developed slowly at 1irst as the inteunsive use of the new
ABS detergent was growing. In Germany in the kiihr vV.lley the
situation became intolerable, intensive investipatious re-
vealed that the ABS deterge:it, unlike soaps, did unot precipi-
tate in the presence of hard water metallic ions, Also,
unlike soaps which are readily consumed by Lacteria, i.,e.
readily biodegradable, the ALS detergent was very resistaut to
such biodegradability and therefore persisted in unchanged
form until its concentration in the sewage stream built up to
such proportions that its strong foaming tendency made it a
public nuisance. 1t took some time for this problem to
emerge and more time to study and discover its cause, and
still more time to develop ways to overcome it, By 1960 it
had become apparent that the hydrophobic hydrocarbon chain in
the ABS detergent, being highly branched, was resistant to

biologic degradation. If, however, the hydrocarbon chain were
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made s traight without branc es, i.e. lincur, it was discovered
that it was biodegradable, By 1965, ways liad been developed
to jroduce commercially lincar hydrocarbon=based deter, ents
that liad satistfactory rates o1 liaodepradation wtile otlhierwise
retaining the excellent detcrgcncy off the Al o materials$ and
since that time these new deter,ents cailed Lis (linc.r alhkvyl
sulfonates in which a straui, it Cl2 chain is attac cd to a
benzene ring which is subsequently sulfonated), and sas
(sodium lincar alkyl sulfonate), etc. ., have tahen over the
applications formerly teiv by A detergents. ihe detuailed
chemistry of these compounes will be discu-.sed in IV and V below,

but briefly they may be reproe-ented:-

LAS CHgeChy e CHy Gl o CHy o CHy Ol CHy Ol L CHL o CH i Ou N
SAS CHgaCH, CHy o CH o CH, ol CHy G, L CHy G CH Gl Gl i, 0l 20 Na

The term "biodegradable" nceds a bit of clarification

There is no black .uid white distinction between coui; o1 nils
t.at are biodegiradaile and these that are met. 1t is «
matter of rates of destruction., Ultimately all detergpcits
are degradable, but ones in which the process is8 relatively
slow, in which the deterpgeut molecules persist tihrough tha
sewage treatment and ovut on to rivers and Jakes are said to

be non=biodepgradable.

For a iong time it was bLelieved tiat hydrocarbons were not
sub ject to attack Ly micro-or;, misms., Later it was f{ound
that they are subject to attack,; but that the rauates are low

and that the attack is obscured Ly the more rapid biological
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attack on othier wore reaciive compotbas,  Now, 1t has boen
found that i1 1ne world of micro organdisms . diliyent searce .
ing can discover orpanisns tiat cain attack almost all orp.aiice
matter, but at greatly aifteret rdates. buring “orld war 11,
a seemingly intractable prolilem arose 111 the complex fuel
systeuws ol ftighter aircrait in wi.i-l the tHel systeri< tha*
were hept scrupulously cle.ann beeane i lupred, often with
resulting disaster, Altor much time and 2101t it was reveal
ed that micro organsims were. in fact ivaing and proliferating
in (he hydrocarhbons of the tncl and penerat g materials that
plngged the system, Mimmte tiraies ot essential nitropgen and
phosphorus coumpounds st have lLeen pre-ent Fhe discovery
that tlhie problem was the result o) MYCro or, aii1sns living in
and consuming petrolenmn hydrocarbons as foodstutf was rec 2ived,
at first, incredinlously. Bt the inal recognition ot the
nature of the problem led to 115 ultim.te solution aud, of
equal or grceater importance, cpencd the door to the Gevelop
ment of the wodern prooe.s wherety sclected nnoro o1, . isis
consunie straighit chain Lydrocarbons in herosene or ;tas o0il
(topeth.r with added esscitlial nitrogen and pliosnl:orus «om.-
pounds) and the accumulated mass of wicro orymAilis: .8 are

collected as a new and mmportant source of protein foodstuffs.

It is well known that the aromatic riag is very resistant to
degradatiorn, Iy the o deter, ¢ t, ra,;id biodegradation
jrocecds oniy to a uetinyl cYotp Lraach on the hydroc rbon
chain, i.e. the chain 18 shortoeied by o.ly vne ot two carbon
atous; then a very slow process ol degradation takes over,

The molecule, timis reniains Virtnally intict and retains mo-t
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of its surfuce activity and cuapacity, to toam for a long
time, 1In contrast, with an La> detergent, biodegradation
proceeds unhindered along the entire length of the lineur
(unbranched) hydrocarbon chain ail the way to the aromatic
ring. The ring is resistait to rapid degradation, but the
remaining fragment, which is an aromatic sulfonate u.d is
devoid of any hydrophobic hydrocarbon chiain, has,therefore,
no longer any surface activity, nor any capacity to present
intractable foaming problems in the sewage disposal,
Furthermore, here it should bLe emphasized that problems of
biodegradability of synthetic detergents in Iran hLave
scarcely arisen up to this time. With only a few exceptions,
sewage is disposed of in lran by seepage and percolation
into the soil, most o1 which is, in Iran, sand, gravel and
detritus which is ideal for that purpose, * Little is known
at present of the processes of ~ewage decomposition in deep
soil percolation where temperatures and oxyygen concentrations
are low. In any case, problems relating to deteryoent hio-
degradability do not arise so long as the input of sowage to
the cesspools is not grcater than the percolation capuacity
of the soil to carry off the liquid fraction, In a recent
incident, a large new hotel in Tehran, in a rush propram to
get ready for the big October celebration, used much .\lS de-
ter;ents and flushed them to lar;.e and seemingly adeyquate
cesspool-percolation pits, There followed oxtensive foaming
that rose and flooded above the covered prits, and presented

temporarily a considerable nuisance,

* Mr. i.Veldes-Pinilla, U,N.World Health Orpanization ’I‘ehr.m&
Kegioual Water ULoard.
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However, soil percolation as a mcans of sewage disposal
has its limits. Tehran, with a population now close on
3.5 million persons, is saturating its subsoil with app-
roximately half a million cubic meters of sewage every
day. This presents several prollems. Already the por-
colating sewage is penetrating into the subterranean water
table in places, especially to the south of the city where
the water table is only 5 to 10 meters below the surface,
and is leading to pollution of this valuable asset,
Though the soil through which the percolation occurs is

an efficient filter tor removal of solid materials and
acts to some extent as a zeolite adsorbent for some
dissolved materials, its capacity to remove these materials
is soon exhausted by the constant flow of new sevage., The
pollution, now well started, is very serious and ominous
for the future. 1In recognition of this problem, a plan
tor a sewage system for Tehran is in the making. The
construction of a sewage system is to be sproad over the
next four Five-Year kFlans, It will be a very ambitious
project with a vast money requirement, The treated and
innocuous fluid effluent will be used for irrigation,
Though the implementution of this plan is sevoral yours

in the future, it does raise problems relating to the use
of hard or non-biodegradable detergents, Theie can be
little doubt that the use of approciable amounts of ARS
detergents (the kind currently being produced and used in
Ivan) will render such seware trovatment plantes inoperable,
In Tehran, the water from the Karaj reservoir is hard
enough to foster the replacement of soaps Ly synthetic
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detcr, ents, and if Als detergernts are the only ones availalle,
trouble can be expccted when a SewWupe systen comes into opera-

tion,

Llsewhere in lian there are potentiai trouvle spots whe o tlhe
use of non-biodegradable AlS deterpgent ¢ . 1ve trouble In
Isfahar a comprehensive sewa ¢ system is bediug, developed con.-
taining a modern sewape treatiment plant, it present the
system serves ouly an area cuituinina approximately 40 000
persons (out of a total of 650, OO persons), This svatom is
to be expanded as rapidly as funding permts, 1+ appears a
800d system designed by Israel1 engineers and constru. ied by
French contractors, Already, however; the prescnt plan* is

Plagued with extensive foaming problems, Ihis autior vie,ted

the plant in mid-Novenber and saw tie intractab 1¢ Jouam rising
above tlie treatument basins and in some ~cascs abeve vhe o rrot
panels,

In considering and visualizing tiis ,rolilem, it 1is important
to remember that in Scwape treatiient we are dealing with a
foul and septic fluid and that the foam gencrated from it 1s
similarly foul and septic, the generat on of mount.ins of
foam is itselfl a nnisance, but in overtlowing and covering all
equipment, control panels, etc, it renders all of it toul and
dangerous to operators and main: ntance e, 1t is, indeed a
serious problem, The use of the newer tion-bindegradable de-

ter;ents completely eliminates tiis problem,
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The rest of the seware at 1sfalan, i.e., that tfrom 650,000
less 40,000 (scwapge treated) persons, is currcntiy bheing
disposed of into cesspool-percolation pits, already the
volume of sewa:;e has risen to a proportion that is jpollut-
ing the subterranean water table {row wiich the cit: draws
its fresh watcer. LEverywhere in lran, this is becom - a
serious problem and the {irst stepin its solution is to
promote gencral rccognition of it, ULccause of pamcity of
water in lran, it is essential that nnderground w.iters be
preserved from polliition, Obviously easy and inex,ensive
cesspool=soil percolating will remain the preferred method
ol sewape disposal in towns, villajes and wherever jopula-
tion concentration is low. But in all major population
centcers, ultimately sone kind of sewage disposal s.stems
will be required and the use of ABS detergents will make

them inoperable,

In Ahwaz a relatively small portion ot the sewapge i~ aerated
and chlorinated to render it less noxious and then dumped
into the karun River, thereby creating a nuisance in the
river, This author witnessed extensive foaming above and
about the sewage aeration clilorination plant, fIhe rest of

the sewage is disposed of by cesspool-soil percolation,

1n Abadan and Kkhorramshahr the sewape goes into the Arvand
Rud, some of it with aeration aund elsewhere along the
Persian Gulf, sewage is dumped untreated into estuaries
and bays and creates localized nuisances that will re-

quire correction as population deunsities rise, Sewage from
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industrial plants is particularly difircult because it
ot dissolved

The

usually contains higher concentrations

materials than does ordinary mimicipal scwage.
dissolved materials cannot be removed by conventional

sewage treatment processes, e.g., sedimentation and acti

vated sludge processing, and rewain in the clarified

ef'fluent,
in the clarified effluent as a

ABS deteryents are in this class, remain' g

pollutant to rivers and

lakes or to subterranean water reservoirs. ooaps, which

are complctely precipitated Ly
soap and suspended precipitate
activitated trickling fililers,
problems, 1t is obvious that

by careful jplaniing to reduce

materials in clarified scwage

of soaps where water hardue .3

metallic 1ons and the
completely degraded 1n

r'resent, theretore, no

every effort should Le made

of dissolved

The

the amounrs

ef'fluent. maximim use

permits is a step in this

direction, In Tehhran, 1t 1s plasned that such clavit:ed
effluents will be used for irrigation, ——a use that 1- very
sensitive to the presence of all dissolved materials.  « specia-
L1ly since evaporation allows such materials to a cumuiate in
the soil and render it sterile,

Other impo~-ant compecnents vl synthetic detergent tormula
tions, besides the organic surfactant include the "huzlder®
usually sodium tripolyphosphate, and a fil.er, usually

sodium sulfate (Glauber salt), Boti of these materials are

used in ajpreciable amounts aud bLoth are water soluble.
The buildcr is used in widely varying proportious depending
upon whether the detergent :is a light or heavy duty agens

and in amounts up to 60% Ly weight of the entire composition,



The sodium sulfate functiouns as a low cost, inert and water-

soluble filler to reduce the proportion of active con; onents
to practical working coucciitrations . actirally its proor-
tion in the finished powdcred deter,ent is dictated i« 1-e Ly
the sulfonation technique emjployed than by any consicerations
as a diluent, where sulturic acid (1U0% stou) is emploved,

a considerable excess of acid must be nused to push the reaction
to completion, and usually the excess acid 1s neutr.alized with
soda ash or caustic soda when the entire re .ction mixture is
converted to the sodium salt, Under such coud tzons. the
amount of Glauber >Salt (Nazsuu»lOqu)produccd and remaluing

in the mixture as an inert diluent may exceed 30x, More

modern techuiques o1 sulfonation em, 0y sulfur trioxide (S0

3)’
either directly as such or as a solution in sulfuric acad
called oleum, In these systiems, not only is .e sullur tri-
oxide a wmore active sulfonatan; a,cnt thian sulfuric void . but
the SO3 reacts with the water of reaction and pnshes the sul -
fonation reaction to com;letion, The final sulfonated mixture,
therefoie, contuains only a slipght excess of sulfuric acid, so
that when the sulfonation mixture is neutralized, only a little
Glauber salt diluent is tormed That 1s desirable in making
concentaated, heavy duty or liquid detergents, but when it 1is
desired to market a product similar to that made by the ecarlicr
sulfuric acid techniques, powdered Glauber salt is frequently
added to the final com,osition It is theretore e =sential that
lran develop adequate productive facilities to pjroduce 50, and

3

oleum irom the abundant sulfur.
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The-,e materials - buildcers and dilueuts - are important to

our considerations herein, becuuse a) their manufacture
must be ;rovided for in any integrated detergent indus Ltry
and b) being soluble end-products in any detoer, ent nse,
their effect as pollutants must be consiuered. steps have
alrcady been taken to provide a domc stic production o! so0ca
ash used to neutralize the sulfonation mixture and .ith
which to convert phosphoric acid to trisodium phosphate (used
in heavy duty, alkaline detcergernts) and to sodium tripolv
phosphate (now virtually the standord synthetic detergent
builder),

Because these materials are water soluble their possibile
efi1ect as pollutants in the percolated effluent into sub-
terranean watcers and as sewag,e treatment efflucuts into
rivers, lakes and coastal waters should be considered.
kLven when the synthetic deter; ent composit:ions are ' .. n
vast quantities, 1t is cbvions that these materials lecome

diluted to very low concentrations in their {inal disposal,

Sodium salts are undesiraLble in irrigation waters, but
sodium sulfate is far le-s toxic to plants than sodium
chloride, Generalily, the undesirable sodium component

in irrigiation waters can be kept within manageaile limits
to the average crops of cereal grains, vegetaliles and fruit
trees by periodic flooding and run off, Similar considera-
tions apply to the plosphate tuilders, but with two

differences:-
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All polyphospliates gradually hydrolyzc to sinple
orthophosphates which, though they have little
colloidal and complexing properties (as cowmpared

to the polyphosphates), still have a strong affi.ity
for iany soil compoleirts, c.g, zeovlites, and tend to
be adsorbed and retaincd in the snils, fhe phos, ates,
theretfore, would seem to pose o. ly a minor problem as

a pollutunt,

The phosphates are importunt fertilizer components,

In fact, the use of phosphates in tertilizers is the
biggest use for phosphates, dwarfing in amount all

other uses combined. The use of phosphatcs in synthetic
detergents is the second largest use for these materials,
but in aggregate is relatively smull as compared to
fertilizer uses, The use of phosphiates as deteipgent
builders has become complicated, however, becau.c 1t

lias bLeen caught up in and indicted as a major wator
pollutant in the international hystcria that is now
eripping the entire world., After a lorg, long jeriod of
apathy toward frequent warnings against the pollution of
our atmosphere and aquasphere, there nhas bLeen a sudden
awakening, and with an intensity that borders on hysteria.
Unfortunately, many complex technic.il considerations are
involved, most of which are beyound the comprehension or
the public at large, and so a vast ignorance, coupled
with a deep fear of that which is unknown and ill-compre-
hended, has gripped the world and has been fanned to

greater inteusity by leaders of little una.-rstanding or
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with special interests to foster, This is not to say

that the present deep concern rcluative to the growing
pollution of our planct is not a pood thing; but that

time will be required for the problems to be evaluatced

and more fully understood uand for the conlusion-g nerat-
ing hysteria to abate., Tiiis concerns us here, because

the use of phosphates in synthetic detcrpgents has hecome
charged as one of the major villians in the currcnt
hysteria and now the term "eutrophication" is on the
tongue of even ill-educated people. That term actually
means to make rich in dissolved nutrients. It has been
observed in recent years that rivers, irrigation and
drainage canals, ;onds, lakes, c¢ven reservoirs have become
choked .ith dense growths of water hyacinth, algae and
fungi. Thnis relatively sudden prolifteration has heen
traced to a greatly inci:ieased concentratiovn of ;| lant
nutrients in the water of such streams, lhe two  a: ticular

nutrients that have grcatly incicuased have been nitrogen

(mostly as nitrites and nitrates) and phosphates, and nost
of this has come from run-off .und drainage from hcavily
fertilized agricultural ar-as in the new "green revolution"

which 18 to cure or alleviate widespread hunger in the
world, In the indictment of fertilizer materials in this
problem, phosphates from the s.wage disposal of synthetic
detergent have been similarly charged, and, in fact, in
the intemperate charges that have been thrown about, the
part played by fcrtilizers has been almost lorgotten and
the role of phosphates from synthetic detergents as a

polluter has been greutely magnifiied, In .America, where
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this hysteria has become particularly pervasive, the big
three detergent makers (Procter and Gamhle, Lever Brothers
and Colgate Falmolive) rushed to cancel large contracts
for sodium tripolvphosphate and initiated crash rescarch
programs to find suitable alftcrnatives to the polyphos-
phate builders, Ti.ey bejun a furious mcrchandising of
"New Deterpents - Contain No Phosphates"., These uoter-
gents were heavily loaded with soda ash, sodium silicates,
and sodium nitriolotriacetic acid (NT.). lhey were dan-
perously alkaline and pertoried very badly as deterseuts.
In the two years of this hysteria, the crash rescarch
programs have uncovered no suit.ble alternatives to the
polyphosphatces that pertorm weil and wihich Jdo not in-
truduce even greater technical, econoviiic and ecoloyical
problewns than those charged against the phosphates, 1t

is indeed fortunate that legislative machincry is slow
and cumbersome, which is the ouly thing that has rrevented
the widespread enactment of impulsive laws pro il iti:.g the
use of phosphates in synthetic deter;ents., A lew siich
laws were rushed into Leing and will require reconsiaera-
tion, for now that the dust is settling, it is lLcing rea-
lized that a) phosphates in detergents are not the major
source of eutrophication, and b) therc are no suitable
alternatives to polyphosphates as synthetic detergent
builders, and ¢) the eutrophication problem is ot the
ultimate disaster as it was initially portrated., The
popular pendulum swin;s widely and wildly. .lre .dv in U.s,
and in burope, there are strong ieactions against bans on

the use of phosphates in synthetic detergents, ithe over-
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reaction aguinst eutrophication may well do much harm
to reasonablle and intelligent ef'forts to preserve a

relatively unpolluted atmosphere and aquasphere.

But tor our purposcs, it is important to observe that
polyphosphates are essential to the production of
effective and economic a1l synthetic deterpgentsy and that
their doleterioue efiv.ct on the pollution ot our water
enviromiient has been grossly exayggerated, There is,
therefore, nouv reason to reconsider the current plans

to produce sodium tripolyphosphate in lran,
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SYNTHET1C DLTERGLNTS TO MLET THL FUTURE NLLUS UbF  LkaN,

From all that has said above, it is apparent that the
selection of a type of detergent for the future expansion

of the industry in lran involves some complex consid rations,

For the present uand until the major cities of I.,an develop
sewage collection and treatment systems, - and except for
Isfahan, this appears at least ten years in the tuture —

the present production of hard detergents based on brauched
alkyl benzene subfonate (AB>) appears to warrant no change.
The A5 surfactant has tie advanta es of a good raw material
situation, a modern production facility with cupacity for
present needs, a well develuped know-how and experience raig-
ing all the way from raw materials through to finished market-
able detergents, and a market (domestic and in L.s.s ) which
accepts its excellent pertoruunce, All thhese counsicerations

are strong factors against change.

The dodecyl benzene (DUB) plant at Abadan is currently produc -
ing at close to 10,000 m.tons/a and could under pressure
increase that output to 12,000 mt/a. The 10,000 mt/a of LLB
yields 15,000 mt/a of sodium dodecyl benzene sultonate (Lubs),
which in commercial detorgent formulations containing an

averase 30% surfactant yields 50,000 mt/a of tfinishcd deterpoent.,
The DDB and compounded deterpgent consumed and estimated for the

period 1966 through 1972 is given in Table No.l.
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Table No,l

Compounded Deterpent Containing 3

DB surfactant . —
Coirsumed i, tons Do..estic Ub.oig Totul
1966 1500 8,900 30 8,930
1967 2600 11,300 1,800 13,100
1968 5000 15,000 10,000 25,000
1969 6800 20, 500 13, 500 34,000
1970 3460 27,500 20,000 W2, 500
1971 10,000 31,000 20,000 1,000
1972 (Lstimated) 12,000 40,000 20,000 O 00
1973 (bstimated) 15,400 52,000 25,000 ;7,000
NoTbL: 1 ton DDB yields 1,5 ton sodium DDB sultonate (LDBY)

1 ton DLDB Snltonate yiclds 3.33 ton compounded do¢ r rpont
containing 30% surfactant

Thus, 1 ton LD yields 5.0 tons compounded detergoent,

trom the above, it is apparent that the 1971 production of
synthetic detergents (containing an avera,;e of 30a of wnbi~
surfactant = AL detergent), just consumnes in its entirety
the 10,000 mt/a production of DUB, .assuming nu imjortant
chianges in U,3.5.ik. or other exrorts in the ncar futurc and
that the domestic demand co:ntinues to grow at a rate coupar-
able to that of the thrce vears preceeding, domestic reguire-
ment of synthetic detcrgents will reach 60,000 mt/a in 1972,
wliich will consume comjpletely the 12,000 mt/a of LDLD that can
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be availavle from abac o b otrocicuical < o Lo have ol ceady
noted that 12,000 mt/a of LDB is the roaximan fhat can he
jroduced fromrm tirat souice, It is apparciut, ticifore, tit
additional production facilities will hbe reguired no lator

t an ecarly 1973, - or altern tively i orts of bol ir amonnts

of the difference between productor and requinciient

Lquaily imyo tant o the final cou anded deter ont i< the
builder, now almost vniver (11ly sodiom tripolyphos hoote
(Na5P3()lO) (5TPP). the tunction of the Lrilder is complex,
acting as a4 colloidal suspending agent, a- a le.vy 1,0 tal
sequestrant, and, doubtless, ;ertforming any rore sub.rle
functions, It is, theiefore, not to he regcarded as an
optional adjunct to the suriactant, but - an coser tial
component ol the compounced detoer, ¢t t1 all the materiagl-
that jroviue properties of a b iloer in vVarying doe;rces,
sodium tripolyphesphate hoas Leen tound to provide ) -t
combiination of rop:rtics. Lotra-sodium pyroph siliit isa
Serves s an eftfective hilder, but the deter, ont indestpry
has pretty nmuch settled on 3TIP as the i refer od builder,
For speciaul uses, as in heavy duty industrial deterpents,
the building action of sTPP is frequently augmented with

other more alkaline a; ents such as sodiwum silicate (NdZDIVH)

soda ash, trisodium pliospuate (Naqrﬂa) and others,

It is important to note, also, that in the usual conmntercial
deter;cut the amount ol sTii wised usually exceeds that of
the surfactant by a coesiceiale marpin, lor exam 1le in U,s,
a widely used houschold detergent has the Folliowing approxi-

mate composition:-
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LAS Surfactant 20 wt,%
STPP [‘ 5 "

. - A g "
Glauber Salt (Nazsou.lOHZO) 25

Moisture, enzymes, carboxy methyl

cellulose, perfunme, ctc, 10 "

Without the STPP, the effectiveness of the detergenty action
falls off rapidly. Wwithout exaggeration, it way be said t .at
without the assistuance of an ceffective builder, the synthetic
detergent industry could not have achieved its present success,
The STPF is used in svnthetic deterpent preparat ions in widely
varying amounts dependiiy; npon the ultimate function ot the
detergent, e,g. from 20 to 60 weight percent of the total com-
positiony with abiut 40% an overall average. lor our computa-
tions below for Iranian synthetic deter,;ents, an avera:e of

35% STPP has been used,

At present, all the STHP requi ed vy the growing donie tic
detergent industry is imported. Tt is anticipatcd that 1 an
will soon have a roduction facility tor JFHb, which nust,
however, wait on the sup,ly of soda ash to come from the NPC
facility near shiraz, . reccent study * estimited the require-
ments for STPP (based on an avera, e 3TPF content of 35% 1in

commercial detergents; as follows: -

* A Marketiwg, Flan tor codivm o rbhonate, sodium Bucarbonate

And Sodium Tripolyphosijhate prepared by Poiv, International

Manugenent Consultants, Lea., 28 Uctober 1Y71 - lTehran,
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Table No,2

STPP REQUIKEMLNT 1IN M,TUNS/ A

NPC Production imports Total Requirement
1971 0 18,000 18,000
1974 18,000 9,000 27,000
1975 24,000 5,000 29,000
1976 30,000 5,000 35,000

It is obvious, theretore, that around 1974 or 1975, when

the demand for commercial detergents (combined domestic and
exports to U.S,5,.R.) already excceds the domestic productive
facilities for LDUB, the demand for STEP, will ulso exceed the
domestic ;roductive Capacity. Now is none too soon ‘0 commence
planning tor needs that will be manitest in only one year for
DDB and in four years for »TPP. The determination of whit kind
of surfactant we should Plan to jproduce to fill the burgeoning
needs is a primary and pressing jurpose ol this study. Lqually
important is to define the anticipated nceds of STPP, so that

plans for production of adequate supjlies can be developed,

We have alreuady concluded that a hard or non-biodegradable
surfactant, such as ABS, will provide major difficulties in
the urban centers within the next decade, It is, in fact,
a type now considered obsolete, even legally banned in much

©1 the world since 1968-1970, So long as it servos the
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Iranian economy well und efficientiy, consiverations us to
its replacement by newer biodepgradable surfactants nced not
concern us, but the need to create tucilities tor the pPro-
duction of additional surfactunt within the next two or
three yeurs (or resort to appreciable and mounLing iwv; orts;,
compells us to take an early decision as to the type that

will best serve Iran,

At present, some 60% of lran's population is living in
villages and rural arcas .ithout pluwis for sewapc disposal,
tor these people it will co'.itinue to be exjedicnt to dispose
of sewiape by cesspool - suil percolation., To mcet the de-
mands lor detergents in these areas, ABS deterge:its will
continue to be cffective and most cconomical and their pro-

duction should not be interripted,

However, to expand the production of al deterients to ineet
the growing needs of urvan arcas after 1975 would be short-
sighted. o5uch detcerpents wold interfere wit!. and impede

the development of c¢ssential urban sewage systet.s, For the e
areas, it appears quite clearly that the ;roduction of some
new, effective, economical and biodegradable detergent should

be developed., Moreovcer, with export markets for ABS deter-

gents being closed by growing legal restrictions in much of the

world (U.S.S.r, still uses ABS, but we have no knowledge as to
future Russian restrictions), we would do well to develop a
new synthetic detergent that can serve our growing domestic

needs and, at the same time, cun be exported.
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Today, there are many types of surfactuants {detergents,
wetting agents, dispersing and emulsifying agents), each
with special properties that yield some technical or
economic advantage., These vurious surfactants will be

considered more fuily under V_Chemistry and Teclinologv of

Surfactants, but it ay be noted here that becausce of iaw

material and other econoniic and jperformance co:siderations
only a few surfuactants have attained large volune jproduc-
tion and even fewer will merit our serious consideration
tor development in 1lrvran, Of these surfactants, only two
appear to meet our needs, cousidering biodegradability, raw
material requirements, ease ot production and economy and

efficiency of function -

A) Las (linear alkyl benzene sulfonate)

e.g. CHy(CH,) | ~ O = 50,Na

nd CH_{(CH CH = -~ S5S0_Na

2 3¢ 2)9' O 3
C

Hj

B) Sodium linear alkyl sulfate

e.g. CHB(CH 0.SO_Na

2)12-16 * 3

A) is already in large scale production and in use in much
of the world. B) is newer, its markets are developing, it
is more completely degradable than A), and while, perhaps,

flightly more costly to produce than A), has some functional
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advantages., The SAS (sodium alkyl sulfonate) surflactants,
ment ioned carlier in this study, have some vcry large
econolitic advanta, es w ich are couunterbaluanced by somc very
imposin;, disadvantages and are theretore dismissed l'rom

our considcration, This is discussed in part 1V,

LAS is produced by condensing a linear alpha olefin, ec¢.;,
CH3(0H2)90H:CH2 with benzene, followed by sulfonation and
neutralization. The production technigques are well develop-
ed, Thu ouly problems are concerned with the prouuction of
the lincar alpha olet'in and the countrol of tlhie condensation
with benzene so that isomeriz..tion to branc..cd chain isomers
is minimized, The resulting sulfonates are excellent s .-
factants, foam well, have gouod caicium and magnesium solubi-
lities, 1lisht color, low odor and excellent resjponse to f{or-
mulation with builders, LAS detergents are now the largest
synthetic detergent used in the world where laws reguire

that a surfuctant must be at least 80% biodegradable., 1f
made in lian under efticient conditions, it co ld ciijoy ex-
port Lar..ets, l'here are tlier, still newer svyrnthetic deter-
gents with considerable promise, but il we adlicre to the
dictum that we want for lran at this tiwe o:ly jroce scs .ud
products that have been well developed and tested so that all
hazards of production, sales and uses are minimum, then we
have little choice except to select LAS surfactant for our
"second generation" detergent jproduction., In order to gain
economies of production and also to permit Iran to participate
in the growing export markets for this material, a production
tfacility considerably larger than the LDB plant at .\badan
should be planned, The exact size must be defined by a market

analysis in depth,
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For a "third generation" surfactant to be devoloped in
Iran in perhavs 1980-1982, our choice may well be B)
(sodium linear alkyl sulfate), This requires the produce
tion of a linear, jrimary 012-016 alcohol, A8 will be ex-
plained in lart V, this can be manufactured by the samo
type of polymerization of ethylene with a Ziegler cutalyst
as will be uscd by NPC/Mitsui in tho production of high
density polyetlhiylene, but with this differencet Ly control
of conditions, the polymerization is stopped when 2 to 11
ethylene molecule have combined to yield a mixture of Cu-sz
aluminimum alkyls, e.g.

Transition ,(cn CHZ)‘.CH CH

metal 2 2 3
a AB{CH,CH, ) .CH,CHYy
“1((‘“2(‘“3)3"" CH,=CH #T3t01y T \(CH.CH.) .CHL.CH
2727 ¢ 23
€l TiClB
Aluminimum alkyl growth polye
mer
a,b and ¢ = 2 to 11, n= a+b+c

Then the Al alkyl growth polymer is blown with dry air to
convert the Al alkyls to Al alkoxides, followed by acid
hydrolysis to a mixture of straight chain, primary C6 to Cz
alcohols, This is then fruactionated, the lower C, to C

[ 10
alcohols being channelced to the production of plasticizers

2

and foam killers, the Clz-clsto synthetic detergents, the
020—022 alcoliols to developing uses, e.g. special surfactants,

emollients, plasticizers ectc., Uy varying reaction conditions

-
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a preponderatice of 012-018 alcchols can be produced at the

expense of lower and higher alcohol fracticns, The Cl°-018

alcohols are tre.ted with oleuwm or 503 for conversion to
sodium linear alkyl sulfates., The products are superior
surfuctunts with remarkable foaming jproperties, abscnce of
color ang odor , coumpatibility with all anionic surtauctants

(in fact, nscu to build foawming ;roperties in low-foom deter-
pents), and i1 mude on a larpge enough scale their superior
properties permit them to conpete witi, lower cost srifictants,
Their only defect is a susceptibility to hydroly=i. in Loacid
solutione a condition rarely encountercd in norial wceuo: ¢ cy
operuti-ns, These linear |rimary alcohol sulfates uave clinbud
in U,S, from near zero in 1963 to over 300,000,000 los. in 1967

and is still poing up.,

iln sunmation, considering the jresent dounestic and export

requirements for synthetic deteigents, the maxinum out; nt
of DDB from Abadan Petrochemical Co, will suftice onlyv
until the e¢nd of 1972, Thereaf'ter, there will have to be
imports of DDB until new f{acilities are crcated ior the

production of auditional surfactants,

The new surfactant should be LAS (linear alkyl bcenzcene
sulfonate) which is a good detergent aid is at least 80%
biodegradable. A sizeable | lant should be desi;ned to

prodiuce linear alkylvenzene, its size to be determiiied from

a market study which considers both the growing domestic re-
quiremnents and exports of Loth lincvar alkyl benzene and sodim
linear alkyl benzene sulfonate and finished componnded

deterpcnts,
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A study should also be initiatoy CoOV rin, fthe econo e
and technical parameters of producivyg n-priivary UlZMUIH
alcoliols by Ziegler polymerization of ctinl o) 101 lowed
by air oxidatiorn and hydrolysis of the ethylonc Srowth
polymers.  Though this | roduct is Contemplated as a4 gais
for a4 "third gencration” synthetic vet r cut, a.a g
therefore not of inmediate impor tance, an carl, det.jled
review should bLe made in order to coordinate tiis jossable

manufacture within the overall scope of the MO, Mit

Olefin rroject,

In addition, the imiort mice of STl in syuthetic d v 1 oot
compositions sliould ot he overiooked, By 1975, dore tic
production, whicl: is .t yet even sta ted, will ' core in-

adequate to sujply the cone ired dome,tic and ex. ort e cirea

ments tor synthetic dotery e ts T ex;orts to U, , . ... S row
beyond the 1971 20,000 i, tons, the inace pacy o o e
STIL production will bhe vion s cven before 1975, v L,
exports terwminate by tire  nd of Loy, Trl voc ot i
suffice nntil, pussibilc, 1970-1977, Foans or tne ox a1 om
of 51PP | roduction ba-ed clrther on soca a<' or canste o,

sho: 1d be developed without delay,

Furthermore, comnsideration shiuld b cIven to the domesty -
production ot other important, but le.ser in volume, ro-

quireiacntss -




a )

b)

c)

...)‘\ -
Trisodium hosjphate  (Na }("4): Fdis tat rial is

usced in wodest amenn s P o sUrec Ly Gl e in.
dristrial wod bavnoey et ety v ¢ b rored

tWCtion Wil 15 s corior to Lhat ol =00 . b,

Jie ovts 0 ¢ not ERATS PUNRE S I RS O Oadiad s TR of .

Aoy oldd, are jrovg oo rorhers Yo, o0 b to (i, oy

It codlc be rod cod voodidy o the o ot roae.
ing olPly = or, ance bt o e ety e st
could be luert o i Y o AR o e

irom purciiaosed Bosporie ceid (Ghoer vy ol

ash or caustic sod o,

letva soding prro ooont (L (I\,L,Il‘ ) e v b
s/

lity of thio e dtaldl world be a0 i e, v y (N

ade juate surnplie o of | N T oG Toove o0 o,
sodian sirlic . t.o., (N'a,.di”; vid Joivers ) ruse o L Gugg
amounts, like a) above in alkaline iooeusirio Chamoers;g
also in box-board adihiesives In 7, S0 m tors of

soditm silicates we ¢ 1mportea,

It would bue hig' ly de-iratile to foster a do. ~tic
production of this waterial oo ase 1ts availaiidla ty
to a prowing industrial coun'ry is irtnort.aat, cod v
silicates is written in the plural because 1t is
actually a whole t ¢ i1y ot compounds, v.rying both
in the ratio of Na," to 510, and 1n the de, rce of
polyuwerization, M awulaciure 18 neither comp lex nor

difficults finely powdcred, hi;h iurity silica sand
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is fused with soda ash and/or caustic soda and the nroduct
is powdered or dissolved in water. 1t is oftered to in-
dustry in a serices of 8 to 1lu ratios of NaZO : 5102,
Besides its use as a buftered allkaline lwilder in indust-
rial synthetic detergents (along with STrY), it is used
extensively as a builder in laundry and industr: 1 svaps.,
The high silica ratio material is uscd larpgely as a low
cost adhesive in the manufacture ot corrugated box-bLoard.
Although imports of only 4750 m/tous in 1970 would st »ost
a small volume specialty product, it is probable tI

demand for these materials would expand greatly and rapidly
if it became readily availalile at low cost lrowm a domestic
source, The raw material requirements should re-cent no
problems. Tiis wanufacture should e reco mended to

cheiiicul producers in the jriv.te sector.

d) Most other components used in synthetic deter pent compo-
sitions are used in tio swmall quantitics to justi v domestic
ianutiacture at this time. Sodium carboxy methyl cellulose
is important in high pgrade synthetic deterpciits, Lut it-s use
at levels of only 0,5~2.0% wo':ld hardly Justify a local
production, and its production is relatively complex,
Perfume materials, though used in relatively small propor-
tions, are high cost components., lhey are used in mwany
consumer oriented jroducts and the production of even
limited vuriety should be recoumended to private sector

industry,.
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CHEM1STRY AND TLCUNCLOGY Upr oYNIHLTIC DULTLRGLNTS

A, Generals A1l detergents, whether soajs or synthetic
detergents, consist of polar molecules with very strong

dipole moments, one of which is lipophilic (or liydrophobic),
the other hydruphilic(or lipopliobic). 1n use this d., le
extends acruss a lipoid-waler interface or a ¢ 1S=water in-
terf'uce and strongly reduces the surface tens cony leading

to foaming .nd the suspension of dirt or soil or the eriilsia-
fication of two or more diverse jhases, The art ot construct-
ing a guod deter;cnt consists in Joining in a singple, -taile
molecule a lipophilic group (a hydrocarbon proup whose charac-
ter is determined by the lengsth of the chain), and a hydro-
JNd' - Pandz)a These

two dissinilar groups must be carefully balanced so s to vield

philic group (e.g. - CUON., - SuyNa, - 50

a molecule with about egual atiraction to c.ch ot the two rhases,
In svaps, with a = COUNa hydrophilic group of const .. yolarity,
the lipophilic hydrocurbon chain can be varied by the choice of
Latty acid raw material to yield molecules with vpliinui propor -
tics, For cold water, tull foaming toilet soajps, the optimum
lipophilic group has been found to be a C12-C1lh hydrocarbon

chain derived from coconut fat. uith beef or mutton tallow,

a C16-C18 chain results, whose hydrophobic strength is a

little too great to balance the - COONa hydrophilic jull, re-

sulting in a soap useful o:;lv in hot water,

All calcium and magnesiwmn and heavy metal s 1ts of fatty
acids are insoluble i water, Soaps are nseful theretore,

in the presence of siich metuallic ions only when nsed in
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quantities such that there is an excess of soap uf'ter all

thie metallic ions have heen precipitated, Furtheruore,

all soaps, beinyg composed of straight chain fatty acids, are
casily attacked by micro-organisms and are rea.d ly biodeprad-

able .

.Na) or

3

sulfate (-U-SUBNa} hydrophilic g roups which are somewhat

Most synthetic deter;enrts emjloy sultonate (-30

stronger in hydrophilic properties than the carboxyl (-C ONa)
group in soups., Moreover, the sultonic and sulfuric acids

are strony acids, yielding as the sodium salts neutral solu-
tions, in contrast to the relatively strongly alhaline solu-
tions produced by fatty acid sovaps. lhe calcium and L, nesium
Salts of the alkyl sullfonat: s and alkyl sulfates have Ap) reci-
able water solubilities and so can function advanta;eo sly in
hard water, 1In non-ionic synthetic detergents, the hydrophilic
group consists of an alternating aggregation of oxXyguen-contain-
ing ethers or esters in hydrogen-bond in; chains, and tlie
strength of the hydrophile cun be nicely adjusted by the uahe p
of ether or ester units incorporated into the surfactant 1:0loe-
cule, 1n cationic surfactants, (faitty amine salts and yuater-
nary ammonium salts), the hydrophilic ;roup is based on
nitrogen, Theg€ationic surfactants are all s .11l volume,

high cost speciality materials,

The lipophilic group is a hydroc.arbon chiiin whose len th or
number of carbon atoms is varied to iucrease or deci ease the

lipophilic moment, The molecular configuration of the hydro-
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carbon chain is impoitant., The bLest deter;ents have the
hydrophilic group attacicd to one c¢nd of the hydrocarbonp
chainj in the best wetting agents the attaclnient is at

or rear tihe middle of the chain, where very strong lipo-
philic properties are desired, as, tor exav;rle, i oil
soluble detergents for use in interial coubustion er ine
lubricating oils, very long hydrocarbon chains or tuvo
hydrocarbon gioups are Joined via a benzene ring to one

sulfonic acid group,

In the manufacture of dodecyl benzene (LDbLB) by alkylatung
benzene with dodecene (tetra propylene poliyrier), so ¢ dis-
ubstitution always occurs despite efforts to preveint it,
Disubstitution is usually winimized by carry g out the
alkylation with a large excess of benzene, 1n the final
distillation of the DDB, the high boilin "heavy s

fraction is essentially di-dodccyl Lenzene,

L12H25'L6Hh'b12“25

whiich if sulfonated yields an oil soluble, water inisolunie
product

Hz .LGH .b

C12M25 3+C12H25

SO, Na
3
At present this heavy-ends fraction constitutoes betwcen 5
and 6% of the DDB production, i.e. about 500 mt/a, At
present this is not rccoverced and is disposcd of in tuel oil.
The di-dodecyl benzene sulfonate has considoerable valve out-

side of lramn, being used as oilesoluble detcer pents in internal
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combustion lubricating oils. 1It may, therefore, be worth
saving the heavy-ends fraction, cven in crude form, for

sulfonation and use in lubricating oils,

All detergents are classified into three categories, only

the first of which is important to us in this study, -

- + . .
a) dnionic surfactants, e,g, 1,50, Na s Wiich include

3

soaps, AB5, Las, Sas, alkyl sulfates, etc., about

75-80% of all synthetic deter;ents fall into this
cluss. These are tlie only large volume, low cost
commercial surfactants, This group also countains
the lurgest number of variations in wolecular
structure, but the sreat comiercial bulk of these
surfactants is ;rovided by only a few types, The
LaS detergent couples the lipophilic linear hydro-
carbon group to the - SOjNa hydrophile t'.rough a
readily sultonatable benzene ring, In others, e., .
S5AS type, the lipophilic and hydrophilic ,;roups are
coupled dircectly,

b) The non-ionjc surfactauts in which the hydrophilic

tendency is due to alternating oxy;en atows in ethers

or esters which are hydrated through hydrogen bondin; ,
Usually a long chain lipophilic alcohol or jhenol is
considensed with ethylene oxide in the presence of an
alkaline catalyst to form hydrophilic polyethylene

oxide groups coutaining 6 to 20 ethylene oxide ether
units, Thus, in this class of surfactant, the strenpth
of the hydrophilic group c@: also be mouified to provide

a nice hbipole balance,




This class of surfactant 18 sc¢ - ad 11t 1o portance, “on-
stituting about 18-20% of all synthetic dete: ents and
emulsifying agents, fhhese macerial- do not 1r1o0i.1z2e and

are coupatible with both anionic aud cationic surfactarts
T . is group of surfactants has a strong potential interc.t

to NPC bhecause of the planned product.on of ethylene v ide
frow the NI'C/Mits' i Olefin Conplex. The production .t

these surfactants can consuiie very lal, e amonnts of cthvlene
oxide aund corld rield valuat.le rodvets tor L th the
domestic and expert arkets. 1n centeral, theoe vor o1 1053
ire ore costly o toar the antonics ane are necd corervat v el

ouly in appiications tor which they . rovide some special ad

vantage, e.g. in insecticide spray emulsions and in aduoixtyvr. -

Jth Oblnor sl rar Lottty RN ' A Gt o s LY T ot el b
C) Catio . i¢c s U Cla. 05 COhabl Lt Lo dess U v e

all synt etic s riac s T S Y S O A i :

and rave scocCial e SUR,  Cooael sl whicr 3 ot

quartce s [ - oo Sadts are s onwes L o bactor ior v aees
RS Gy

disinflectant s, For o oex db Doy LU AL e s o Ly -

in Inan to disintfiect 1r its and vesctabiies 1~ a0 100

solution of dodecyl tri methyl i onaum ¢l loride

~ . . . .—a ,‘ .y - - ; B
(,121125 Cl + (LM))BN (1211“”) rf(t,llj)}
c1”
There is a relatively new surfactant ot this class with

unexcelled foamiug capacity. the amine oxides, e.;,
¢l
C.,H, .= N "==0
1225
CH
3

This group ot cationic surtaictants hias no immediate 1=

terest in this study.

(R) Ster:i. g Froducts (W, of .i.tlroy,
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is already very large and only those whic! g

to this study are incluced herein:-

1.

The number of types of surfacta:nts

ear relev.ant

ABS (Alkll benzene_ sultonate): Tiis was the t1rst lar. e

volume, low cost and higlly succussful syntheti- Ter

cent, In L.,>, and in Western Lurope within a s=shors

period it replaced one half of all Soup conLsumnptiong,

It is still unexcelled in function, but has bLeen re-

blaced in much ot the world because of its

1

1on_biodeprada-

bility.,

ABS is made in three -uccessive steps: -

a)

Production of dodecene: Chemnic.l ; rade

polymerized in the presence of sulturi
acids to the tetramer (dodecene - 1):

H_Svu

S ropylone as

C

or piosaboric

4 CH_.Cli=aCH 274
O———=P e.3. CH_ CH,CH_ . Cli_CH,  ,Cll,CH, ,o1=0
3 2 or T po> €4 LNB CH LHZ Cii er Cilo b, o0 Cil,
37 |
3 ' o
LHB Llj ~H1
(dovercene - 1)

Actually, the product is a mixture of several isomers,

Also the polymerization ot the propylene cannot he

limited to the 1ormation only ot dodecene (C12), but

there is obtained a mixture of polymers ranging trom

2x propylene up to perliaps, 1lUx propylene, By care-

ful control of the rvaction, a polymer mixt re can he

obtained in which 4x propylene (i.e, dodecene) predo-

minates, and fractionation yields a relatively pure
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dodecene., The lower and hipher polymers (i.e, light
and heavy ends) have potential uses, but in the

process as practiced at abadan, the ii; ht ends consti-
tuting approximately 15% of the polymcrization product
go to the petrol-pool, and the heavy ends, approximate-
ly 5%, go into fuel oil, Because the hydroc. rbou

chain in dodecene has several methyl ; roup branches,

a synthetic detergent produced itrom it is non-biode=

gradable,

Production of dodecyl benzene (D)1 The dodecene
trom a) above is condensed with benzene in the

presence ol anhydrous HF catalyst,

. < HF .
L1821.LH3CH2 + C6H6 l L12H25<:f:> dode?ggngenzene

Thiis is the product from Abadan iretrochemical Co,

which is produced currently at 10,000 m tons,a, soon

to be increased to 12,000 m tons/a. Here, also, close
control is essential, ‘l1he HI catalyst is anhydro+s, is
expensive, is recycled, and in the presence of any
moisture is very corrosive and hazardous to persounnel,
In the production of DDB, one mol of dodecene condenses
with one mol of benzeune, but it is difficult to prevent
two or more molecules of dodecene trom condensing with
one benzene to yield varying amounts of unwanted di-
and tri-dodecyl beunzene, In order to minimize the
formation of di-and tri-substituted products, a large

excess of bengene is used (10-15 mols Céﬂé), and the
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exceee of benzene and III' catalyst are recovered and

recycled, Despite th.e large excess of bensene used, 5,5

6.0% of the product is a heuvy-ends fruction which
is mostly di-dodecyl benzene, when the product is

distilled, the heavy=ends fraction which amounte to
550-600 mt/a is disposed, mostly to fuel, with a
minor proportion being used ae a heat transfer agens,
Thie material is valuable and sliould be saved since
it can be sulfonated $o yield valuable o0il soluble
detergente for use in internal combustion engine
lubricants,

¢) The DDB ie sold by APC to be processed further in
the private sector, The DDB is eulfonated with
concentrated sulfuric acid, or, better, with SO
in stou) '

3
or oleum (SO

3

50

Sulfuric acid is little used anymore because it
requires a large excese of acid so push the reac-
tion to complesion, and when the reaction mixture
is finally neutralized the exceee acid leads s$0 the
formation of a large proportion of sodium sulfase
(Glauber sSalt Nazso“.louzo). For liquid and for
heavy duty detergents, this high proportion of
sodium sulfate, which ie an iners diluent, is un-
deeirable, When 803 or oleum (40-60% 803) is uwsed,
the reaction does not require a large excess of
esulfonating agent, and the product does not, sherefore,
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contain so large a proportion of sodium sulfate. The
sulfonation is usually carricd out in stainless st e}
equipment in order to minimize the develoupment of
color in the product, The surfactant product is then
compounded with STPP and other components in varying
proportions to make the finislied light, medium or

heavy duty commercial deter;ents,

Cost figures on capital, matcrials and operating re-
quirements on the production of dodecyl benzenc for
ABS mainufuacture are well known to N.l'.C. trom -.badan
Petrochemical Co. and no ef,ort is made hLcrein to

develop them,

Linear alkyl benzene ,ulfonates (LaS); This is the large

volume, successful "sccond vencration” synthetic detorgent

and the one herein recommended for development in lran.,
Depending ou the character of the lipophilic hydrocarbon
group and its methiod of manufacture, its biodegradability
may vary upwards from 80% to over 90%, In a brief time
around 1965, this type of detergent lar;ely replaced non-
biodegradubie ABS detergents in America, Vestern curope,
and by 1969 in Japan.

There uare a number of techniques for the roduction of
LAS surfactlants, but es.entially they inay be reduced to

$wo routesi-
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a) Thermal cracking of C20-Cqp Paraffins » €10°C15 n-alpha

Olefins
/;6H6 t a1c1,

CH
3

b) Monochlorination of €10-Cy5 n-paraffin
wj(cuziij.u.

C6H6 l A!Cl3 -HC1

CH3(0H2)130+ HC1 €e.g8. CH3(01{2)5011= u(cuz)ucn

> €8 0113(0112)13.c1

3

C6"6 + A1013

cnj( CH, ) 5--cu-(cn2 ) 50H3

Many companies are operating in this area and all have developed
processes which differ in raw materiauls and in conditions and
techniques of processing, and which yield linear alkyl benzenes
which, after sulfonation, provide surfactants which differ some-
whag:?unctionality and in biodegradability, To attempt to cover
all of these processes in detail would require a considerable
effort to survey and appraise the large number of patents and the
published literature. This study attempts only to provide a broad
survey and to establish basic values. A detailed study of all pro-

cesses and their variables should be undertaken as a first step
toward entering this activity,
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Considering first the raw materials, the first successful
process %o produce an LAS detergent involved the thermal
cracking of a high molecular weight (CZO—CJO) paraffin

wax to yield a 010-015 straight chain olefin fraction with
a high proportion of the unsaturation between the firss and
second carbons, i.e, alpha olefins, This technique was de-
veloped by Sihiell at Pernis, Netherlands. This alpha olefin
fraction, when converted into a linear alkyl benzene sulfo-
nate detergent was much superior to ABS detergunts in biode-
gradability, but it suffered from several defects: -

a) The cracking operation gave a mixture with a wide range
of olefin chain lengths, After the desired 010-015
fraction was separated, the fractions below and above this
range constituted a significant part of the product and
for which adequate markets have not been found. This re-
sulted in relatively high costs for the Clo-C15 olefin
fraction. For example Chevron (Standard 0il Co. of
California) in 1969 cracked 100,000,000 1bs of a wax
fraction and collected the product in narrow fractions from
Csto Coor ¥With only 60% of 1t Clo~cl5 going into LAS deter-
gents., The 010-015 fraction typically containedi-

Alpha olefins 85%
Internal olefins 85%
Diolefins 3%

Saturated hydrocarbon 3%
Aromatics 0.5%
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The ClO-C15 olet'in mixture, while containing much alpha
unsaturation, containcd also considerable unsaturation
distributed in a random iasiiion along the hvdrocarbon
chhain., Thnen when benzenc was alhylated with thiis mixture

of oletins (e.g . with €-12 olefins):.

The alpha C-12 olefin reacted tins; -
, . . . . . AlCk . . .
€elle LHB(LHQ)()(,H-L32+ C H, o C (,H)(L,HZ)()('JI.< , m)
(D
3
and an internally unsaturatcd olefin thus:

alll,

e.g. cnj(cuz)scuwu(cuz)(111,34«;(111{ J e cn),(« *"\J’;,CH(C“Z)‘,CJ‘
M)

Both of these derivitives may le biode;ruaduble, provided
the chains uare unbrancliied own to the carbon co: nected to
the aromatic ring. 1n that case, the moleccule lLiecores de-
laded to a benzene sulfonate with only at 108t one or two
carbons attac:ed to the ring, .nd srch @ jroduct 18 water
soluble and without surtace activity or ca,acity to foam
liowever, (T) with a lony hydrocarbon ciain attaclicd at its
end to an aromatic ring vields a surtf.ctant whicli is an
excellent detergent with pood foawming properties; w.ile
(n)with an attachement ncar the conter of the hydroc .rion
chain is a muc!i poorer deterpent. a better wetting ageut,
and a4 poor foamer. 1In tuact, these deteigents because of

a considerable proportion of (n)type, foamed so poorly that

the addition o1 foam builders was required.
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c) The selected paraffin wax fractious lor cracking to
alpha olefins have not Leen plentiful and have imposed

additional costs on this path to Lib detergents,

With the development of umolecular sieve adsorbents (alu-
minosilicate zeolites) a practical means became available
for separat i ng n-paraffins from paratfrinic kerosenes, ai.
provided a reluatively cheap and abundant supply of p-pa aitins.
A number of hishly successful process have been developed to
exploit this technique, e.g. I150-51V by linde-Union Carbide,
Molex by U.,0,P,, British Fetroleum process and Ensorl by L350,
All these proccsses are relatively sinmilar. A large plant
feeding a Fkerosene containing 25% Clhmcl& n- paraffirs can
yield u prcduct containing over 9% n-paraffins and which can
be fractionated to give 90w ol thc 010"015 narati'ing jresent,
The economics of the process 1s helped Ly the removal of the
n-paraffins which leaves an extricted kerosenc which is a

superior jet fuel,

Still another process lor seoarating n-paraffins trron
keruvsene is the urea-clathration systeu developed iy sl oo
Deutsche Lrddl A.G. This process is hiphly selective but very

little about its economics has been published.

As above, with paraftin wax fractions, the n-paraffins se-
parated from kerosene can be cracked to yield olefins rich
in alpha unsaturuation and siitable for the manufacture of n-
alkyl benzene for detergent production, These materials are
ratlier better in function than the products from wax ciracking,

but they have been difticult to rid trom a llerosene odor,
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Alternatively, a technique has evolved in which the
ClO-C15 n-paraffin fraction is chlorinated to vield a Clo-
C15 mono alkyl chloride. 1n order to minimize di chloro-
substitution, only one third as much chlorine is introduced
as would be required for a complete conversion to mono
alkyl chloride. The economics of tiis process is much 1w roved
if there is a use for the by-product HC1 evolved, which contains
one half of all chlorine introduccu, The jroduct, a 010“015
nono alkyl chloiide, is irequently retceried to s keryl

chloride., 1t is used in one ot two WlyS s =

A

m) 1t way be dehydrochlorinated over an aluminosilicate

cata’vst to Cl -Cl" oletfin, which is then condenscd
) . 5
Wil Zzee da the presence of Alcl,, or 11 ¢ t tivst
2
to - ic v lir ar alkyl benzcene,

n) 1t may be condensed directly with bLeuzenc in the
presernce of AlCl3 using the large excess of un-
cillorinated 010-015 n-paraf'fin that is preseut in
the mixture as a reaction medium., The excess of

n-paraffin is recovered and recycled.

All these systems ;ive linvar alkyl bLenzenes, i.e, the
hydrocarbon chain attached to the aromatic ring is without
branching beyond the c.rbon attachment to the ring, and there-
fore, yields products with a relatively high biodeyradability
factor, However, it must be noted that the chlorination of
the n-paraffins produces chlorine substitution that is r.uandom
a.ong the hydrocurbon chain (and with very little substitution

on the terminal carbons), So, like with the olefins in which
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there wus an appreciable amount of the unsaturat.on distributed
randomly along the chain, alkylation of benzene with alkyl-
chlorides in which .o uono chloro substitution is also random,
yields an alkylate in which the aromatic ring is attachied at

Or near t: the middle of the hydrocarbon chiain, Sitch moleciules
yield surfactants which are serviccable but inferior to those
in which the ring attachment is to tlie end of tle chain., The
resulting Las dete.gents have excellent wetting ,roperties and
poor foami:.; which is usually enhanced by additions o) 11kyl

sulfates, or alkanola..ine or alkyl umine oxide foam boosters,

The condensation reaction of the C10~L15 olefin or L10~

015 alkyl halide with benzene is very similar i technique to
the condensation of dodecene and benzene as is now practiced
at Abudan letrochiemicul Co. With sivilar throughputs, capital

and operating costs would Le virtvally identical f'or the “ln-

C15 olefins, With the Llo-cl5alkylchlorido a means of dispos-

ing of the evolved HC1 must be added,

3o Sodium alkyl sulfonate ( S.AS )t These products wmade from ClO'

C15 straight chained iraratft'ins have received intensive study
and becuuse of low raw material costs, presented great promise -
a promise, which, unfortunately, has not Leen borne out because
of poor functioial properties., This cluss of detergent has noyw
dropped out of serious develiopment and is included lLierein only
because its potential is so great that it way yet be success-
fully developed. Dupont (Duponol), I.G. Farben ( Mersolate),
ESSO and Hoechsct all worked this field intensively and all have
ultimatsely backed away from it, Lssential a straight chain
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paraffin hydrocarbon is treated with a mixture of SO2

and 012 while exposed to actinic radiation:

\ . U.V.Radn cH.(CH Clr(cn o1

e, Cﬂj(CH2)lO 3

SO H
3

48 with the liwmited chlorination of n-paraffins (sSee B2
above) the sulfonation substitution is random, ;,aving a
complex mixture of products thut are better wetting agents

than detergents,

Similarly, efforts have been made to treat alpha olctlins
directly with oleum or SO3 to get
CH.#(CH +CH-SO_Na
$(CHy) 1 4 {03

CH
3

The products, however, are complex, containing bLeside the
de¢sired linear sulfonate, appreciuble amounts of polynicers,
sulfones, sultones, e¢tc. Liforts to comtiercialize these

products have been disappointing to this point,

N-primary alcohol suifates: e.g. Cﬂi(cn)lj.u.SOBNa

Detergents of this catepgory have been around for a long
time as a class of superior, but rejatively costly
materials. Initially, they were made by sulfating n-

primary alcohols with S0_. or oleum, The primary alcoliols

3
were mmade by reducCing fatty acids from natural fats with
metallic sodium and alcohol and later by ¢ italytic re-

duction of fatty acids with hhydrogens




-58-
. . P C at + o
©.8. CHy(CH,) - CO.OCH,+ 2H, o ,.LH3(0H2)16CH2)0H+CH30H

SO

S

NaOQOH

CH cu2)16cH2.o.so Na

3( 3

Because of the relatively high cost of these materials, their
use were sharply limited, mostly to applications in personal
cleansin;, cosmetics etc., and where their unexcelled foam-
ing action was important., so lony; as these materials (e.q.

du Pont: Gardinols) were made by the above techinique, they

remained a small volunme, specialty detergent, Leing straight
chained, they were, of cour-e, completely biodegradable. A
major use has been to .dwix minor quantities with L.S deter-

gents to enhance tlie foamwing properties of the latter,

With the development of the polymerization of ethylene to
long, unbranched hydrocarbon chains under the influence of
Ziegler Catalysts (e.p. A1(02H5)3+ a transition group halide
such as Ti Clj), 4 weans to the low-cost volume production
of cu3(cu2)n.cu2ou alcolivls became available, where na8 to
14, At first this proce-~s was used to make macromolecules;
i.e.hiigh donsity polyethylene resins., Later neans was

found by which the polymerization of ethiylene under the same
catalyst system could bLe stopped after 2-20 molecules had
condensed und a mixture of mod.rate sized e¢thylene polymers
could be obtained, The so0-c.illed srowth polymer, an alumi-
nium trialkyl could then be oxidizad to an alkouxode and acid
hydrolyzed to alcohols with chain lengths suitable for deter-

gont manufucturces; -




(CH “”2) «CH CH) (cu%unz) .
Al(CHqCH3)3+CH =CH, TicC1 0 /] cudéiia
-~

2 3 ; <(LHZLH )b.cu cn) 2 \lb(bu

(c Hzcﬂz) .CH Lu3

CH,
ch, ﬁ o
o(cnzcuz)c.

H,s0, “H,CHg

2

Alz(sou)3+u.g. cH,cH,, (Cch an) .OH

3 2(
:503 1 NaUH

+CH,0SO_Na

Qef, CHB(Lhz) 2 3

12
In this polymerization of ethylene, it is possible to contirol
the reaction so that the i roduct consists of a mixture of CH30“2°
@Hzcuz)n.ou alcohouls where n=1 to 7 with the preponderance at
nali-7 (desirable for deter;euts manufacture), The product mixture
of alcohols is fractionated, and the alcoiiols bulow and above tie
desired 010-016 range is directed to the manufacture of plastici-
Zers and related products. Tlis tectinique has been highly succes.=-
ful, Developed initially by Continental 0il Co. in U.s,, it has

built a unit to produce 500,000,000 lbs/a,

Patent and literature sources indicate that 0,990 ton
ethylene plus 0,214 ton Al(CZHS)3 yield 1,0 ton of C,=C,,

primary alcohols., The consumption of Al( ) in this process

normal,

is necessarily higher than in the polymorization of ethylene to
high density polyethylene because the growth polymers are stopped
at an early stage. In an effort to reduce the consumption of Al

triethyl, which is expensive, recent work has developed a technique
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wherety the low molecular wei ht ethylene rolyrier is dispiaced
from the aluminium . rowth polyviier as an olet'in avd the , ! H
that is8 set iree is recycled to repeat the ' rocess, C
[[rocess, when perfecteua, could bLe an vxcellient souice of -

branct:ed alpha oletrins which wo: 1d yield hi, 1y liode radable

deteirpgents and vnes in which because the tnsat.ration is entirely

alpha, would have a very higto detergency tactor,

These techniqnes, starting with low cost ethylene and build-

ing the nydrocarbon Aroups to the exact s, ecification dusired,
appear to have tie ;,re.a.cest jrocase aud 1s, theresore, re-
commended to NPC ,or corntinnous study tor ultimately a "t iprd
generation" production of detergent. This same Process will
Lenerate, as a co-prouuct, vast amounts of straignt Chain,
primary alcohols tor the manutacture of plasticizers tor the
expanding polyvinyl chloride and 1elated industries, J|lese
plasticizers, because they will boe bLased on straisht i .in
alcohols, will periit tlie clasticized 1veC compositio, s 10 ' o
functironal at tenperainres .cn lower tean t.ooose Laseo o

chain alcolivls, e,y. Z-ethylhexanul, or alconuls liuee 1ros 0. .
via an oxo-synthesis, wiiich always yield a mixture ot strai;"t
and brancired chain ;. roducts., T.is operation, based on etuyicie

as raw lLiaterial, should be carried out n g big scale in wrich

exports would Le the jrimary markcet, and supplies to the lrauian

domestic market onuly incidental.
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At this time the enti e process in its sev. ral modifications
is still too new to have devcloped much literature outside of the
flow of patents. At this poiut, also, the Companics who are de-
veloping tne procaesscs are too concorned oith exploitin A these
new and exciting markets theuselves to Le :uch intcrest.. in
sclling the hnow-how or in joint-ventus es, In, pertiaps, five
yeurs, the tecuniques will become bLetter known ..nd ma jor c¢ngineer-
ing contractors will be able to secure tie necessary rights by
which they can offer complete plants, By studying intensively
tihrese new dcvelopments based upon the polymerization of' ethylene
we shall be in a position to move securely into tliis area when the

developed und tested technology becomes available,
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APPENDIX A

INSTITUTE UF HYDROSC1LENCLES

AND

WATER RESOUKLLS TECHNGLOGY

QUALLITY OF WwaTLRS IN 1N

(calcium, Magnesium, Total Hardness, Dissclved

Solids),

Short record of the selected data

BY

Ch,J.FINTAJSL
UNLSCU: WATLR QUALITY LXPLKT,

Tehran, Nu.cuoer 1977,
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APPLNDIX A

Sources of information

The following reports have beei evaluuted.

1)

2)

Ministry of Water a:d lover, surface lLiydrology
Departiuent, (LaLLITY UF HUREAC waTLis OF TitaN
Report No.17:

a) Vol, 1, Caspian sea Basin, (1969),
b) Vol. 2, Persian csulf Buasin, (1970).
c) Vo1, 3y Luke Kezayeh Basins and Closed L.sins of

the Central lran (1970),

Allalyses ol drinking water ;erformed by the La oratorics
of the Ministry of Heaith (unpublishied, avai'a. le in

sheet:),

The shcets contain ihe duta from the yedrs 1908-1969,

The analyses of watei s have Leen cur:iied out during

the totul period of about I8 montls,

Evgluation of data

The available data have been evaluated with respect so

the following criteria of watcr quality:






