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Chemicnl Trunsformations in Sulfurio Acids The Coeproduct
Amoniwn Sulfate Problem,

Efforts to Limit Ammonium Sulfate Co-produetion
Chemioul Transformations in Phoaphorio Acid

Source of the Problem
Beokmean Rearrangument in Phospherio Aoid
Batoh Renotiona
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Liquid concentrated fulfiuric aeiq HeTven as 4 catalytic medium for a number of
commercially imnorta; t reiactions, Oxime doriye,; caprolactum ang methyl motha..
orylate produced from BCeEOne eyancliydpin are among the bhetiep known, At the
conclusion o thege tranaf‘nr‘mﬂuf‘-m, the amg g commonly feutraliced with
anmonia to prodyee. ammonium oy)fate f8 co-product, 1y, gome fustances, neut-
ralisation i indenpencablg for the Hberation ang rocove~y of the organic
compound Proiduced, 1, inany of theg. Praceasc:, the acid is present in large
exeese, It servep hoth ag catalyst ang Bolvent oy Viquid medium for the offi-
clent trangfop of the sometimes vary oonsiderahlce hont goncratod by the pe.
8otion. Thorefore v dcvaral tonw of the Co~product salt apg oft.n obtajned for
ceach ton of Primary produey,

In 1958, about nix mliion tong of the Bulfat: wep reeovored from world
cagrolactam manufac iupe alonc, and the fipure hag Frown considorably sinee N
Co-product ammonium sud fate has boon the mALIOT Bource of this matoria) in the
nited Stute, in recont Yoars, 1l wo; sumption of tho ealt in

The morket trend is towards 5 reduo-

ilazer, expeeially in zlcwloping

countrics whop WMOnium gulfay, 57 N 2. beang replaced by ures (46% N),
Not only hag . OVErmcapanity fop am3wn culfate thyg lcvelapnd, but a wagte
dispogal probienm may evon be eheovintored in certain foorraphic arcas,

WLMLMQK&”LQ"M@ faty O

Therc has boen considarahle develenment cffort in recent years to find
altornate routes to theee organic preducty which avoid, or at luast decrease
the amounts of “o~product ammoniym tvulfate, 9 aocomplish this ond, both now
chomigtrieq have boan Propoiicd and known Poutes have boon modificd, The photo.
niirosation of gyclohexane and the Unjoy Carbide caprolactone route to ocapro-
actam are cxamplog af th.. Tormcy appenach,  The Stamicarbon nitmphasmte




prococi, which halven wwwoning cuit e peoduction, is oan oemple of the latter,

4. But choac arc s be b only a4 parkisl eatntion ta e ral problem cmbracing
many chimieal roactions,  "irests o oftoct come ot vhes tpanuformations with
catalytin quantitics of wwidie materidds have oo far not boene fruit, Raw
matorial coste arc osrerally tne ome3or cont compononty  very high if not ceson-
{ially quantitative conversion, ue roquired, ard thote have not bewen achioved

by econvoirtional eatalycdu,

5, Polyphomphoric acid has bewn oxtonpively vtudied as an acid eatalyst in a wide
. , , 1 .
varioty of ormanic reﬂat1ons( ). 1t hae algo been applicd to thce Beokmann

rearraarementcg-s). Actds of coucontrations cquivalent to 1107 H3F04 or highe
have been upod, tho improssion boing huld that lower lactam yielde were a ne=

cesuary oorollary is lower acid concentrations. Howover, the industrial appli-
cation of polyphuspliorie acid is seriously impeded vy its high viscosity {lﬂi
Table 1),

houi A1 eaphas 1 Agad

6, Studiecr in our laboratories have ghown that contrary to the prior contention,
exocllont yioldu of caprolastam cun be achiov: 4 in 1007 H‘FG « In fact, wany
of +hic subjret trinaformations can be officiently catalysed by concentrated
phogphoric acad. !ts substitntion or aulfuric acid allows for the co=

Sl

production of mineral acid derivadives, zush ne ammonium phosp ate, of highor
value than those obtuined with enlfuric neid, however, 1t should not be
agnumed that thin advantage can be vealdted by a onc to on translation from

sulfuric acid bLuased procucecags  vho choacal ohapsetorisgtica of the two acids
are not identieal, and Yo eopiimsl precess conditions using tho onc are not
*

neocuoarily thosc when using the nthor,

e o

7. There have been two adovificant detorrents o the arplication of phosphoric
agid for sch purpopca in th  pagt.  Clean nerd must be uscd lest impuritics
emanating from the catalytic s dium contmrinate ike product. Pure, furnnce
aoid is too —xpeneive ta corgs dn thin onpacity;  wot process acid is toe

(6)

impuro, Teohnologien developed by IMI for
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1) the praduction of phosphoric ncid using hydroohloric

acid ag the primary acidulant, and
b) the purificatron of Wet procoss phosphoric acid

ovapcome *heee drowbacks and provide clean acid of the neccesary oharacteris~
tiss ot nn esorcmicnily viable price, oing particularly attractive for

developing countries.

*at vo aseune that an cqual weagnt of phogphoric acid in substituted for
ap)lurie acid in a given appliecation, nll othcr procesd peramctors being
tnkon ae equale The cost data given in Table 1T show the advantage of the
+yntitution, even assuming the markotobility of ammoniwm sulfato at § 15
pow tons A proocas chavrgo o€ § 13.70 can bo converted to 2 $ 10.40 ere\éit

ner ton of celd employed,

This eppronch Lo bottcr coonomics is applicable to a wide varicty of chemical

procences widech jnolude aromatic nitration und hydrocarbon goparations, Of
thema, the Bockinnn roarrangoment for caproleotam production and the Ritter
sanction uged in the syntheais of N-aubotituted amides have beon selected for
{1lustration. | o

Fexieel i Teoklen
A Y
o Doskmann rearrangenent of cyclohexanone oxime to caprolactam 1

‘,,"\tF' i ' ,.,Mi{;. i - r"‘g’; o
~~

' v,
S N
cnualls b0 me tcchnologival hurdlest its high exothormicity and tho basic

harnater of tho product lactam. .
* .~ seleulutcd reaction cnthalpy of the transformation is -45 Koal/mol., This

i uno reacon why it hor been cifficult to apply hetcrogeneous catalysis $0
hin transformation, In commorcianl practice, 7 weight ratio of sulfuric acid
Lo o:ima of 411 in comwonly used. The excoss acid sorves to cnsure eofficient
Loat dissipation, minimisiic by-product formation.
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Table J1

1,80,

4,50, (1008) *
»,
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widie peohum and sar be

gince the Jrotam 10 o Wwakh bueo, 1t Genn, by the
Tiborated only by outealazing @bl the novd pees cnbe  Thin 1ot to the co-

product nrotiem,

n Phouphicrie Aeid

Hookmann Hearraguo

A comparison of the vincerity datn o0 TNt IR R LV 3mﬁ (Table 1) shows the
marked teohnologicnl ndvartage to he guinad by +he uoe of the more diluto
roenction me diume G the othur kand, hydrolysis of both the oxdme and the

imide i@ sensitive to tho concontration of the aeid, However, with good

contrel of the reaction papameters, cofficient conye raioas are achievable.
exiuained = batch roaction

Two modes of operation cn a laboratery sealc were

and in 5 continuour mannor.

Bntch Resctiong

8imilar to tho Beckmann roarrangement with a@ncimgrai.gd galfm*ia acid, an
acid 18 neoded o ehiove high yinlds of caprolaotam,

excesc nf phosphoric
Quantitative conversions awd yiclde of e wad higher oan be obtained when

100% HBPOA is uacd in A gystem containing weight ratice of acid %o oxime

botweon 4.5 ¢+ 1 and B ¢ 1,

Roactions wore performed by iomorsing etirred solutions of the oxime in the

aedd into a bath maintained 2t approxinitely 140°C for a period of Swb minutes.

Even on a small iaboratory sealo, tho Righ rearrangemant onthalpy could not bo

atupen developes in the reaction mixture

officiently divsipated and tumper
In view of the

which were five to ten degrees higher Lhan that of the bath,
ghort reaction times required, 2 cont nuous Proocsd was indicated.
Gonginugug feactions

The benoh reactor wae - stirred 35 mi jrokited chamber heatad by pumping hot
rlyosrine (140 « 150°¢) through ibe jncket, The feed sclutions of oxime in
phosphorie aoid were introduced through 1 60 wl. preheater maintained at
10-75%C by 1 hot water jncket, The repidencc time wus regulated by the flow
rate of the feed, while th: reaction volume wae maintained at 17 mls by reg-

ulating & renctor blecd-off mysiem,
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. v boing galeatee o eaume “monium phopph g,
Loy Precipitas,

phase, At i‘:‘:f?lpg,rl;'ﬁuf‘-“ﬂ beiow 40Ve and uh

SEPrcinetam, wakop and traece or phosphoy in artd
iz obtained, The lower Tiaemid phaye it a phunpmtc brine saturated with

Teupeot {u the 80lid phage, Thg SAprol anl extracted fpom the uppor

v san bo
phase with volvent gunh ag chlordform,

phaces divirm for ih,
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111, HALONR misorion -

A numbopr or methodn ape koown for the prepration of timegubate buted amiden,
Thus, fox nxample, erboxylie Aeide, as sueh op in the foprm

haliden op anbydride; ¢ e b Poigted with Mpinos;

be alkylated on the nitrogea tom;  oximes can be ruarrangsed in the prosengn of
acidieg roagonts; cte, A versatile §¥¥'(.;{3€.‘€¥!1I‘f.‘, and one which could lond jipu)r
well to indurctpia) applioaticn b Ny of ite applivabiiicy o bapi
1y inexpensive induetring paw materiy)

this method, nitrilce interact with o)

tortiary aleohels) in the

of thedr aofd
ansubntitated omidee onn

¢y relatives
#ohng beop wdynneed by Rittep & v Iu
iy oap hydrate

d olcting ( necondapy oy
HEetance of Jopp

fuvwtitien of coneontryted

d nmidn iy saparated frop the hydrolysed

sulfurie aeide Mho ﬁwsubat;ita%c
product artcp neutralisnting, o
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1) K50 vy
RON + & = & 'T—) % Reowi - C - CH + (N1,);50,.

The co-product sulfate problom presents 1tsclf once again. Furthermorec, the
asc of sulfuric 1cid in the apolieation of this reaction to sensitive compounds
is somewhat 1imited. For example, bengzene sulfonic acid has been preforred to
sulfuric ncid when aromutic osmpounds are omployeds asily polymerisable sub-
strates, such n8 acrylonitrile, hove alsc proved tc be troublesome in sulfuric
acid media.

Attompts hove becn made tc subetitute the sulfuric ncid use in the Ritter
reaction by polyphosphoric necide Fowaver, thc poor yields obtainod forced the
conclusion that the application of polyphosphoric acid in this transformation
1 inpracticall’®).

Only one attempt appeart to have beun made provioucly to use phosphoric acid
for thi purposel?’). A yield of only 4.2F of wide was obtainod.

It has becn found in our laboratorics that essentianlly quantitotive yields

oan nevertheless be obtained ueing 1007 phoophoric acid, instoad of concentras
ted sulfuric acid, althouzh 113‘:"04 of still lowor concentration (85%) can be
applicd with reagonably mood reaultoc. Advantages are thereby provided in that:
1) alkali and/or ammonium phogphates are obtainod as eo=product 2) aromatic
and other sonsitive materials preaont in this reaction mediun are inert.

It has also been found that trentment of the olefin-nitrilc rcaction product
with compounds containing the hydroxyl or oulfhydryl group prior to the intro-
duction of water or ncutralisation, produccs the corrusponding mono-sutstituted
phosphoric acid derivatives ag by-product.




25, The following outlinc Fepregentr thrce alternstives whon using phosphoric acid:
2. 1~z,,o/r~m3
/ . ~>

i { 1. H3P04 ’,/ 2.1 v\,)n or [
RCN 4+ C w ¢ — < s -+ R'OPO P12 + RCON{ CaCull
' P

! \ 3
¥ or

3e

(!i}f‘t)‘,_szc»4

The substitutod phosphoric actd dorivatives have found application ag;
lubricant additives, compondnts in corrosion resistant coatings, in leather
tanning and water proofing, ns insocticides ang Irvacides, ag emuleifiorg,
and as components in plastion to impart fire resietancc and blagticity,

To effect those reactions it in only necessary to contact the olefin, nitrile,
and acid in a liquid mixture at ambient temperature for approximately ono hour
and then add the: scoond componont, the aleohol, thiophenol, ete,

It 48 important to note that when using phosphoric acid, under proferred con-
ditions for rouction, i.0., ambient temperaturc and absonce of additional mol-
vont or diluents, th molar ratic of acid to nitrilc should bc at leagt 2 ; 4

to produce maximum Yields, which in most cases e quantitative with reupoct

to the organic reagents,

28, The nitrile and olefinic (or hydrated olefinic) componont may be any of 3 wide
Fange of aliphatic or aromatic compounds. Jome of theso are licted below

RCN 0lefin or

= Hrdrated Olctip
6113- i-Butenc
ﬂ-cﬂ,ﬂss - . | d=Butancl
5635 - i=Propancl
csnsea,z - ' | Di-inobutene
&163!2 - Camphonc
i, . c(ﬁis} - Cyclohcxano)
p-.mz-csu"eaz - : Styrene
w(cH,), - 2-Methyl butenee2

% « CH -
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The hydroxy or sulthydryl scapunent added b Lhe termination of the primary

reaction, and used to produce the pubegtytutod phusphoric acid, con be an une
fubstituted or subsbotutod prisary, oond .y o0 boeta vy adechol ur thio-
aleohol, phenol or thiophenol. WL reaction e very rapid and ac midd that
inorganic acid erfnrs difficult to pronnpes by other moans (e.00, t=butoxy

derivatives of phon hocic weid) eun e obtoined in this i3 FTLETES o

The product amides m2y faind use ag such, or bo eonvertod to nmines by hydro-
Thur, alkyl cerylumides, uzeful monomers in sorylic

velp

genation or hydralypin,
rening, can be cynthesizod by thic route from organic rw mitorinis costing
lese than 10 ﬁ/lb. In an ndditionnl example, t=butyl-mine can be prapared

from inexpensive isobutylene ant acctonitrile.
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Sulfuzic acad 4o Freeguants o 0 3a0 0 1a ., peti Cl e Vaductry W
catulytic medium ang dolvent,  Giint aeid o SHPZequently Leannioraad cps.
a chemieal Fertilizor, usually wwmirnum sulfates Barkets for thig o pne
dity are ruachiing vataration, thaush Lhe sumber of camme poinl prooessor ang
installations which aro putential procuc.re of Lhe s4Yt um oon the ineroanagns,
Many of the now botrochemical installatisng ar: trhedulaod Loy developing
countricn, Thans cotutrios are atin Ma jor marxete for chemical fertil]zora,

It is pocsible to replaco sulfuric weid hy phorphoric acad in uany of theae
applioations, New proceopen lor phosphioric acid manufacture and purifiestion
nake this substitution bot technolngically and uveoniemically viable,

The use of phospheric acid in the Beckmann rearveangement for caprolastam
production and in the Ritter reactinn for the syrthesia of Nemubatitutod
amides hus boon deperibed, In addition tc thooe, phosphorio acid can be
used in aromatic nitrations, in hydrocarben reparations, eto. Bpent apid
ean be transforned inte phosphates which are more valuable and marketablc
S0~products, Thic eubstitution should Le considered for examination when
concontrated mincral acid media are called for,

Co~contributors to ilic studtes deroribed ar Av daniely R Blumberg,
n. Neuberger, J, Sogall and A, Varsanyi. Their consent to my prosonting
our work at this forum is gratefully acknowlodged.,

I am aleo grateful to INT, Instituse for Roasarch and Dovelopment for
permission to publish thie paper, '
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