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^'   iiíZ^íi^-'t'j'jon 

-tüJTu ~'- i. ¡¿li :'ho ü'-erasijsiJí 
1.    U,«id oono.ntrat.d rulf,,.l0 

«»Lt. pro*,., ^ Kltw J ;"**' -P*.U.t„. .* TOthyJ ^ 
-««i« or .„*., talfm,ton;*   ; ;-<* **• »»««• »„,.„. ât tt„ 
»«onia to Pr0lluoc „„„       oulf      '      

l ' 'J '"• c°"»°»^ MINIM .itt 

»"»„ou*, ^H,^.    ,„ «*~t.« «nd «,„ ., th. 

«-".    » «^ botl, „ M1B       *1~
K- <»» «« i. pM„nl ,. lwg. 

»** *o„ of „^ „^ «*^*ct »H ». oru„ ^^ fsr 

*«- «at» „, rocom y,ursi    ; •" *< «•- —o. of th,. ^„„^ ta 

J** - ,o„ ta u.n rtJ Ju    <« -« «-**. of tKo ..H „T 

;7tn- •*«•« ~- .„mtHw " ;,,"""• ':•ui* *« **•»•*• 
T °nIy ^ » '«"-«,„ ,„ ,,m"_; "''"'^ r<-"1"«' "V »re. («f „>. 

W^J. boon . conBia(lro((lt, 

«. «»unto or M.produot .^^[22 aï0ld• "' " lu"* *—« 



proeocn, whinh lnlvur» ¡v^onxn^ .;uJt'.tV j^.Klurtic-ri,  i;;   m ex-mple of the latter. 

4,    But  thn.ir  arc  .'it. !""•••. 'M.ly -i rv'ti:>!  m'utirm to   i /»•••fi» ral  prob lorn embracing 

«miiy ehomical r-acticnu.    ^'iVv4-;;  to of. cci  '   m«   of  «ho*,    tranuf'ormati one with 

Oatwlytio  quanti U':.';   of    tot ite  iiatrri'tS'    have   ::o   f?.I-   Hot   I'   Ti.<    fruit,     RaW 

material cost» arc r-.-a.^raily ta   m,.j>r c* »r.i rtompon.intj    very hifíh if not oeaon- 

tially <|«iantitativo corr/omo':« -ir.' rciuimO, ard ti.oi;e have 110t b©».n achieved 

by conventional r-atalytrii;. 

5t    Polyphonphoric -*c:irt bar. ! O.M. •:xt.:.u: ivt.l.y studici a« an acid catalyst in a wide 

variety oi' or-rwrc rcacti^r»«-   '.     It. bar. ilav i-ren applied to the Beckmann 

roarrftnfwmînt .    Ac i <t.: -JV ponc-ipa-atii'iit-: •.q-tival'.nt to 11O7 HJWJ or higher 

have benn uBod,   tin? in;>r .aujau h- in*?; hold that low. r lactam y it Ido were a ne- 

oeauary corollary  t.i  litwer arid t.-cnorrítrntiono»    However, the industrial appli- 

cation of polypheap-iciri«' vid ii f.i:nouiil.y imp» ded oy its high viscosity (see 

Table 1), 

6t    Studies in our laboratories bavo ahnwn i fiat, contrary to the prior contention, 

excellent yioldii of caproia'-tam <y.n b--- ae.uix-v   t \.n 1'X3"f  H,PO..    I« faot| manf 

of the subject iv -.IL:formation- cu; be   • f fidenti* Citalyaod by concentrated 

phoBphoT'io, arid.     :t¡< cHjlv'titv* ion  .or auifurie arad aUows for the co- 

production of .ntneral acid ')i;úv..uv'i;,   cn-'-li   -.r   lunnnium ohosj? ate, of highor 

value than fcho.o obtùim-d with uaH'ujic '.cid.    however, it should not be 

aaauined that  thin advant a*>   ••in b>   n-il1» -od by a nr.e  to on    translation fron 

sulfuric acid b.iiiui p;"ji.:-»•>.. d.     »ht    ,hi.*..,c\tL ••fìar.-.ctt-rieticu oí th<  two acida 

arc not idi-nUcal, .i'id  l) •-. ¡piii.i.il  proooiv coi.uitiono uain# the one arc not 

nooeuoarily tho*n  when uajntf the- othor. 

I,    There have b.ieri two t*i,vi!'i''ant ••'«. I« rrcute ¡o the arpiication of phosphoric 

acid for audi pu** pone ;"• in tí,    patri,    ('loan   '.cid mact bo UHI rf lost impurities 

emanati.»»? frtw the 'vitaiy41,  ah un >wiita.Tiír.t«'  'ho product.    IHire, furnace 

aoid ía toe   .xncm-iv   *.I .•<•'/- ic th.. • •apat.it.vi    wot nroo«i*r. acid is too 

Impure*    Technologie;* dovu1 e pod by   fí4i        for 
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a) the production of phosphoric aoid «sing hydrochloric 

acid as the primary acidul&ntf and 

b) the purification of wet proco» phosphoric acid 
-,    « »»ii nf iho necessary oharaeterii- ,«„ 4V,«* ¿~—bucko and provide clean acid oí ino neu*,*»    j 

ovwoomo thcee <L..,iacuo anu P ^tiPttiOTiy attractive for , 
tic, et an •«ow.n.ie-rtly viable price,  . alnp particularly 

developing oountriOQ. 

,.    .,„t » -«- «»t » «*»» »** of Pho.pho.ic »i, 1. —*»jrj" 
n-Huric «id i, . «w.» *PpUc,ti„», «II .«« -~ ""rtL 0f^.o 

<.„ *K* iMfstability of ammonium sulfato a» » i? -, -aofcitation, even ¡wniualAff the marketability o 
, * 4. ,n „__ ho o inverted to a % 10.40 credit 

pov ton.    A prootao charco of $ 13.70 can bo unvorwa 

'îC.« ton of cold employed. 

,.    ïhl, .PPT,.* to ».«.r «onci« i. -»11«*!. *• » «•"• •"* ?' *"**1 

' 1 L ,•,!.„ inondo «««. -H»«« n„a »dromon ^«~.   « 

Wd!« •.».« i. «* W»*"«l. of «-.»boUtuted »id« H.• w =.x«*~ '•' 

illuotration. 

¿•</.v^-iJ-!if-^:i--rX2lS 
V,o Soohnami warrant* of cyulohexanonc oxime to oaprolacta« « 

I     ^F KOB 
1      » 

£ 1   k 
•••.• 

uhv^tcr of tho product lactam. 

,,.   > .. „iwloied restio« ««tal» of *•»•- trM.fo~tion 1. -15 I-I/-1.   **• 

i- u,o i.r.=«. «W it to. b«n Cifftoult to apply hotoro«.»««. »t»Ur.l. *> 

,M.' inu-roraauon.   In codini pr«UM, , *ci*t »«. tf -I«. «« 

•M «i» of 4.1 i- •-=•*», —*•   «" •— Mid ••"" l° """" 
host dlMipatlon, «tataUiiC by-P•*«* form««». 
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table   jî 

tttofl ftf iBffrfiaaJWwi^i! (|^fn| 

40 

m m. 
m 

:-Wm^ Acid a^ 

.'^'•"•Ä"- 

*    •    I IMI  coït - 
::;fif 

;-S.Mätl 

•«•îi.,-:«,>::.: 

'; íf : :* SdfeS . ¿vS3S*: Sí • 

i'::;-• v'i:?;!:;v:ï:iïii'i:
r" "^"ÍAA^íK-A 

''^•-;.::;::;:'"'.-:i- 

_ r-::   --- :Sv . i r^.. -^ - ,.i:-v.^:: ,:\-;. -^.->;--:;<-U> .. f^; = ~':  ;^ 

f77- >:-^ ^: ' Ï7 v.v:?. :_: 7777 7:7777' : - . 777:77/ ! ;:'u ^í.^; 7^- :. >\^:,_ • V^-í::;^;;: i::>/.J;Ä%; ^- ^=5 > 7777777    ;:: 7: 

.».7 77 . V'-:::Vor7 vifc^V::;^   7^7'   "íí'\-"'"^í s? 

v..-;-^:.^.^. ;sa.,;.:;í; -;,-r-.: 



it; 

weak  b.,o,   it in  •-il..:,  by  th.*   .oiriic i^lium   u>d w bu 
Thi;.-  V *•**  to   tho co- 

12. Since the  1-uit.un n- 
liberated only  by  •.. utr-.l i»in/ï VI   +•>•«.•   >n^  P?^ ,.nt. 

product protlf m. 

.   *     ,   ,   >r(r   • -i   »1'v/ M PO    (Tabii:  ï) ßhowa  the 13. A compsuison of   ti-,,:  vi^-ority dit;» .«   -   ,CO,      .,1   H;,   .1^  u» 

marked tcchnol^icnl  rivinto*- t-> h,  ^innd by -h* m,c of th. mor, dUutc 

ruaotlon m« «un.    On th, nth«* Jand, hydrolyoi» of both  *ho «ime and th« 

a»i*o 1B motive to the conconl^ion M' tho :tcií.     However, «ith *wa 

control of the ration par«*, turn, efficient c,av r«,-«« «ro aohiovdil«. 
A i.a.A,,.!^• ch'ilo wor«   «»«fj.tincé - batch reaction Two modca of operation on a laboratory tcuc wer«   .*rj.t*m.» 

and in a continuous m-innop. 

Batch Reaction« 

14. Similar fco tho Bookman» ro -.rrar^ment with wneontraUd »u*furio acid, an 

CXCCM oí  phOBph.rtc acid io r, i-dod t.   vchiev, hi*. yWda of caprolaotam. 

Quantitativo oonvemioiiK   md yiclde of *flf-   ^ >*&* cm bo «bt-rtn.* »hen 

W HjP04 in «wtU ir  i system -.ontainin-, »uight ratio* of acid  to oxiflie 

bctw«.on 4.|> í   * -m'« 8:1. 

15. Reactions ü'TV perforad by inorili*: »tirw.rt n.'lut man of ti*  oximc in the 

acid into fi bath maintainor! .at  nr.prMiMit.-ly MO1 C fop i period of >6 minutes. 

Even on a finali  iaborilory «mlc,  th.   hj*h rcarrni^m,rt onthp.lny could not bo 

offioionlly dinoipated an.! t..np.-:itur'..-i rf.w.lor,;.' in thr r.-iotivn mixturo 

which were Mvc to  tor doffr,cn hi,;hor  If in that M   tir   bath.    In viow of tho 

»hort roaetioh timen  mquiml,   - ron* .n'ou« proi.-su wo.:  indicatali. 

Continuous Reactions 

16.   Tho bench reactor war •: stirred 3'; »i  J"**« ^ «hombui- hcaUd by pumping, hot 

ffl*owtn» («o - 1^0°i:) through  the .Ticket.    *ho food atlutinne of oximo in 

phosphoric aeid ware  introduced ti.routfh a GO u\.  prehear maintained at 

70-75°e by a hot water j.-.ofc«»t.    Thn v»oidentic tint- wan reflated by the flow 

rat« of th© feed, whiln th   reaction volum.* wat. maintained at 17 nil. by reg- 

ulating a reactor blocd-off nystwn. 



17. 
-     1 !     - 

nimitr-.j,     ,r, • >,,,, 
-'':•   -ipii.-ir.itu- 

1'y'f    v i (.ÌU. 

Mi •.a  ,ir 
••»•'¿y. •'•.'•. i!-TI, 

•' remained 

P ' 1  't.-.v . 

''i'-' -if!, uri- 

«-«•»o.   "T^n^^. '•-r.-.J-.r.t»,   l.,a,JruPl<, 

«yutrm (sK4.y,_ P/V _ ;l/1 (V)   i   ^  •>- I.-'M. - jiw.„ r.,.. t(!! 

ni. jUiycR JUNCTION 

ru *- "•"-"« »«.H.,«;» ,;t- z7Z' """uw i,"c" ^ i-d «*-" 
*«. -h^, „itra,e lllt01wt J,;,..     '"•" '"vn^" " ;""-<P).  t.. 

««-i» ,eja. „„, ^„li0lil„(i,;;,i;cl;;'-;
,p mwtit-< »' -,,,„t,1t,!!1 

P«*.et ort«,   nitraltetl.,., :       "     ' "' ai,pWi,t'-i' '"''« *'^ ^«lyiod 



RCN    +    C    • { 
X, 1) H,    ^ rx Rcomi _ c - ce • (NH4)2SO4. 

20     TO« eo-produci «ulf.it problo. Pronto ^nalf une ^ain.    ^th^orc, ih. 
20.   TO« co-prow nBlUration of this reaction to «ensiUve cornai 

«AG ef snlfttt»c neid in the application ri  w.» „^tnTrmA to 
i. «-ft«! U.M.    ** a^ple. *n-n. sulfonic »oid h« **» pre"»•* to 
1» .cannât i«n«e«. .      ,     w   ily poiywerieabl* «ub- 
«lfrrio acid uh»» »cuti* oo^oaiid. are o«plo,ud.    .asUy po ^ 
in*.. «* « «wlmdtrllo. h,vc al«o p,ovud tc bo troubled in «I*». 

unid »©«lia. 

21.   »it-pi. M~ ta» „4. u «tatttat. «• «"f"io «" • *" *' ""*"   _ 
21. •>»*» ««.over, thr poor »Uli. obtained fo««d il» 

r«oiio. bjr polypho.ntario Mid.   Po-over,   n.  p»     # .„„.fc—Uoii 
««»»ion ttat the appU»Uon of polypta.ph.rie -tí m tM. tr«.ror»Uon 

22. Ort, o» .it-Pt »PP~« t. have tao» — pr-t^ly to ». Petarte »« 

f„ thin .«W'.   A ,t.ld of 0.17 4.* « »M» <— »Mol"°*' 

tí.   It ta. ta.» fo«M i» -* Istorio. *»»* —*">» ^"*itoU" í*-* 
w nattai«, ta obtained .1« ICO« phobic «id, in.««* of aonc.tr». 

fd «MM. »id. -«-* «3M4 " ""» lJ-W T**" 'SLHn Li, 
RM,lUd «it» r«»»My *»d requit..   Advantas« »re there.» m»lM U*» 
1) *Jte»i «nd/or —«i«. Ht».!*««.. « obtained » »-product   2) M««ii. 

„d „«,„. .omitive «Urttì. pre.»"» i" «>*• »*<>"M •*»""' *" ^^ 

«.   It ta. «U. be« fond   ttat.tr»*«* of ita oíefin-nitrilc renciio,.product 
.ith «.pound» confining the hjrdroiyi or mlfhydryl erotip prior to t!» intro- 
dotto» of «t«r « «»tr-liwtio», produco, the corro.pondi«, •>no-«*rtM«tal 

ftacptarie «oil« dormii«« a. bjr-produot. 

j 
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V.  The r„n„,lns ^1Uc nrntmlf thrw ,H<,rrutlV08 
non usln£ phosphoric acid: 

i       ) 
Re» + c « c 

1.  H.FO / 

2*   Hg0/NHi (WJ,HPO 

2.  P\)H 

4'2 ""4 
or 

i   i 

g. ..X'SH or '   ' 
R*SP0 H2 

**• «WUtat« Hw.phwto miú áGrimUvm ^ 
Itfcrleaiit additiv«   o^^nâ.*   < ^Plication Mî 

«UUTOS, componed in corrosion rtaietnut coati««.    *- i    ^ 
tawiiaf rurf water proofin*»   ,.. w *•  4„ «»Un», in lenti** 

-. «i proofing, nu ímm%%Gíñm mû îirvaeidrn   • r—.t 4- 

*«i»ia uxxart- at ambient temperature for AhnrniH»..4«i 

tl.   ft« aitrtl« and olefinie (or lasted olefiniM „^     * 
MUM or nn«*»,** »wnca oiefinic) eonponrmt my be any of a vii« 
**»•. of nantie or arctic o^poundn.   3o«c of thoao « Uotod M„ , 

RCH 
Olefin or 

itedxaUd Olof ip 

i-Butcno 

i-Butanol 

i*Pro panol 

Di-iettatene 
Caaphonc 

Cyclohcxanol 

Styrw» 

2-KetHyl buteftc-3 

vs- 
CIClIg - 

^ - C(C1L) - 

P-N02-C6H CH2 - 
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?9t    The hydroxy or sulihyebwl  oc;/ipi,¿icnt  .-uUU-d    .1  the  termination of the primary 

react inn t and ueod  to  produce Un  oubuti ruled ph,;r;ph rie acid,  can be an un« 

* uüatitutud ox   üufcnUtutou prxmar.y,   :...v.-tui ...i-.y  ci   t'.rtiu-j    ucohoJ  or   thio- 

ilcohol,   phenol  or thiopnoruu.    Th •  rau-.tmn in vary rapid arid no mild that 

inorganic aoi<< 0Rt?ra  difficult to preparo by othwr moan« (»•.,>  t-buto*y 

derivatives of phon bo.-io •¡nid) cm ne obt.-«inM in this mannet 

30»    Thn product amide« may find U.-.P au auoh,  or \u> envtrted to -amines by hydro- 

génation or hydmlynin.    Ihn, , alkyi acrylanudcc, useful oononers in acrylic 

rwtnsjcrtii be eynthcpi».,-d by thi« reute frern orarmi« row «r.torinls c^gtiiif 

1©«» than 10 ¿/lb.    In aii nddttiannl  <-*aj<u>lrt i-buty lamine onr» bo preparwl 

fro» incÄpi'iwivo isubatjlcn« an« «cetonitrile. 



rv#   i^^&.J^Ii »í.:
 
r'C^*fïKKn/tT' iní 

0.^,0-*»,^  ,,,v„.,t.     .,,,.„,     ,rl„  iri  „i,1,!,:iI„..;;„>   irriniiiM 

a chcmic,, ftrtuj,.,, w,u.llIv .„m,i;ri|uR   !u,(.it._    Kiirkit¡i fnr ^ 

dity aro roaoliín,; ¡.atur-u,.,,, u.-.u-l,   .h- ,„,l,„r e o,»,,.,!,, „,• •„  
ta.UU.ti«, whtch ,.r„ _,,„,,„,  );r„,,,<^  ,„. ^ .^   ^    ^ """" "» 

Many of the now ixitronhoirii*-»!  ¡.„4,11,,.,, , "     "'* V ^roon.fflJC4l insta, latina ar:   e-ehedtüod for dovninoio*- 
co„„trl„„.   Thnsa oom,tri,,, B aíl;í> „jtt MiRoto fjp ,j))(,lMl fpi.u

P, * rn_ 

*• LIT"
0
 r repu°" """^ uoii •* »*••*"* «••« *«—<" ««. 

MI» «hi. „brt.tut.o» tot teohn.l^lo.11!  «d UCOWí•,,, villl,lo. 

33.   th. u.. of phoflphorlo aolJ ,„ t„„ tt,cknam rniI1^Mi.nt far 

promotion.*, », H» „1Mw „,,tit.n f.,r 4h! oynthTOio uf !(.njliiit)tui 4 
Mita ta. boon  „.„crib.d.     lB „dJiti.m  t,    t,,DCi   phu81jh(ir|,:  ,0ld oan b(> 

«M4 i„ «o„Uc mr,,,,,, ,„ ».^„.^uo,, „ w,»,¡-( „t„.   Smllt „u 

ooiioontrntod «inenl aoii MI. „e „iW rur. 

34. 

«or work .t ttii« form, u «wtefaiiy «*n«,lcdï*. 

I -d. «tatcful to Uli, XwHteto  foP kwwg|| ^ fc^,,^ 
poMiuion to publish this p»,,». 
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