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MINISTRY OF PO'-;r:tt 

CliIE? SCm:TIST'S JIVISIO:; 

O~tnininB G~scs of n Given CO~pOsition 
then G:lsifying SolL1 TheIs Under E~;h Pressure 

v. S. A!. , TStB.JI.3 IIl!d G. S. · SH;.FIR 

Khio. Tekhr:ol. Topliv i :~sel, July, 1953. l. (7). 1-0 • 

In coderri che~iccl iniustrJ the ~anufacture of synthesin ~n3cs by ~a3ifyir~ 
solid fuels has bccoc.c · g~ncral. Ho;ozever, no 'ltte::rt hss b.::en lJaue to link up 
the £c:lific:!tion Fr0ce: ses ':'lith the wb::.:! quent· sj"Tlthc.iis -:hich often lends to 
unfavourable ocono:.ic r~su lts. 'i'hus, for i~tancc, the predo;.in:l1lt inJustri.u 
Gc.:; ::ynthcs is procc.' ses r.ro c'lrried out at niGh pres:;ure, · :-:hl'rc~s C:l!lification 
of fuel with sJnthe:.is &:lS Froduction., h::.s b, ~n conJuctcd .;.t ~1 ' froxit".~tcly 
et~osphoric fres scre • . 

. :it-! fNs::urc r;c::ific:ltion, a CO.:lI,rc:;:;cd c:.:; i s obt:.iil~·d ~i th ::.1nioUT.l 
r-071or consu:::"tion, r c:>:l;,- for ch~;.dcnl sY!lthesi sand l'or Lu[;- ·li.:tr.ncl· 
tr:m:;dssion. i:hCIl ol'l:r::.tine rN:;sur c r;.,sificatil)n, the di~ •• m .. ions of tho 
cquip:;.:.nt cr.;! trf.ns:;.i s ien lill :; c::n b .. ccn:i.Lr~.b lj· 1·: J:.!c,· l . th:.!:; e n"uring 
the co;.p:.ctn,·ss of th ... pl:lIlt. 

.i're~surc c;::.:;ification to-:1:l,Y is opcr:.t,· 1 only :l:. " ::r_ the,,) l'or c.,:,=f:lctur~ :. ·; 

bas cl th illcr~' :lscd C. V. ~".inly for use :l.S to.m· s (;:1:. ::;ci ;:,ntific datu 
c!!tnbli shinc conJi tion3 of i.101 rre;; , urc easific·:'..ioll n,· ... de!.! for cbt:!inine 
&~s~s of c 6iven c~~positi~n (sJDthcsis ;~), ::.re l~ckln~. 

?l.crr.:odJD=ic inw!ltil.p.tion of tho COl;; I ro.luc .. r [rOCO!!:; (1) h'!s :;ho.m 
that by vnr:iing the- proc.: :; s t.;;::pcr:ltul'>~ . !!Jl:i too blast cotlp<lsi tion i'~ 1:; pO.:lsiblc: 

. to obtain -::1th' hiCh pressure ol'cr :ltion thc r cquir..:d r:!tio or l'>J:lctiv : c OClponcnts 
in thtJ C;~. 

G:lS, containinL r.:;.ctivd cOIJpon":llt .... r .. quir..:J for the cheL.ic:ll :;JDthe:;i3 
. of hydroc:.rl.ons (112 :CO ratios Qvb(;l:n 1 ::.n1 3) i:: obt:linc:J b;r , ·Ns ... ure 

z::.:;ificdien 3! cOl::p:u-cti ""ly 10:7 t C:;'pcr:!turcs (up to l()()()O); incr.::as·~ cl 
I>re:;sur.:. speeds up tha production 01' tho required b:~S at lat;hc..r t ':lI;'l'..:raturus. 

'In oNor to obt ::.in hiGh pro::sur" C:lS ::~t3blc ror 1:113 s;mthl:sl:l, hiehl/r 
tCi:pcratlON (n00-1:'000), :l:: i;:11 as oxy.:;.::n-,;nrichcd ::.ir o13st, is r ... quirod. 

Tl...,r:-:odJD'l.:::ic nn:u.ysi:; of thJ process sho·. :~, ho~·:·. r. th·~t the U:;C' ot 
hi,:h fNs5urc in Ln~i1'ic;.tion of 1\wl r'~ :lUlts in = incr _ ~!l'; . in the: C~ ot 
cO;::p<l~nt3 und .:-::ir:lole for tho ~j'llthesi:l (C·J2, Cnt.). 

vur inv"'3tization!l ..-:v r u 31:;ed :.:t studJin3 the hitih pr :::::ure Btl!! Froduc{:r 
procl):;s ,-,i th " vic:,~ to obtnininc e:l.!lCS h:lvine; tlK. r '1u~r,~j r :.tio of r_cctiy<: 
cO!:lpon.:nt:; but \:ith :t r:.ini:::un ;;:c thD.n,,-cont·~nt. 

=:Xp..ri:;.~nts r:",rc c:::.rril:d out uni.:r l::.bor:!tor;,r cvndi tion!l;' th{: dillsr= 1:: 
shcr.m in PiG' 1. The :::::cin piec" of equiF<;nt ':m:: in th" shc.pc: of ~ cylina<.:r 
:::tl!o of st:dnl,,::s steel 800 1:..-:1 'in he iGht =d h::c...,in.:; nn inte:rn"l cli!llle:tor at 
150 =. Inside the cylind.:lr n r .;action tubo ":/'.S plac,"d; . this fIr,:: ::.ado or 
:it3inlc ... s :; t c:e l. ruld. -;;as 500 ..... -:1 lOll[; 7."ith = intern'll d l :::'::.ut el· or 50 ~. 
An 11 }(;! ~lc:ctric prchl: at ::r :-:as fixed Or! tho:: tube. In order to li::!i t loss ;;):: , 
b0atin<; of the out"r ~;::.ll of the v<:s::e: l :las (;£1' .Jct ;d by ::c s ... p~r:,t~ ol~ctric 
hoater. The r .::c.cting g:l::':s (02, CI!I., C02)' :I·~ r.:: 1,:ls5 ... d fro::; the cylinders 
throuZh n thro'.:tlc vah':; ::nd n hir;h pr.::surc florl ::'.:l t ~r to the pr",:;:lurc 
.:l~:.Ic.li ~",r =1 ente r ed t~", cain v.:!s5c:l ~'p-di::ctely above: thc r~cction tube. 
Th.:l st..,:::.:~ , supcrhcated to 11 to::'pilrllturc of 350-1,.000 , ~: .. s f ... d iuto th<.: 10·.:;; r 
P:!I't of t~ n!ll1ubr sp:.c.:: b.::t·.K:"n thl: ..... ::11 of the in:;t r:.l::.t:nt :.I'll th ... r c:'.ction 
tube; fTo~ th~rc it pcssed into thc 1':.1(:1 bed fro::. ~ovc. 

III order to :lc1'.i.:v(: b .. t k r :::iy-in:- of tr.o roJ~cti::b ~::.:: .:s ::nu. th" stc = , 
II 100 f.'C . hien pc:-for.:!t.;d cy1inlc.r 7;:::'; i r. :;crt.:u ;'!"'''l:l. tl:is "-:!l 3 l'illd dth 
bool0 0::;. fiNC1:ly. . . 
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Tn.; e~S~ Ol:S pr01uct ',:as led off ir:.::-.cdictoly bo lo';; the r~!:cti,m tubo uN . 
e.ft ~ r i',-: . ing through an expansion v ::.lv~ :/OS l' ..:d illto the 1:l:~ rr ' :;~uN sy:>t.;;=.. 
Ibri~ th:: uxpcri::-.,mts tho tocpcrature o!' . the rer:lction zon,;: ',::15 r.!corJod by 
pl·.ti=/j.l:.tin~::-, rho1.l.n:: tMr:..ocoupl,,:; , pl~c ·. :l. :;.t th" c .'ntl'l.' of tho bud ct :l 

• 

ost!'U1.co o!' 15· .... 'lJ 1~0 : Jl 'ro:.: t~ . .: ~~t ... : · o!' t!lo NbCtiC'I:' t :'l->c. Thu to:.1p,·rnture ' 
or th,- bl ~st ::c.s r.:;c.:;ur..:tl O~ ant~l ... nt; the 'r~~cti~n v~ss ...! l. 

2· . tq:;:;i!lin~ th~ ConUt1on:; Li =.itin ,~ ::, .!~~·.n~ ?0r::~t1on in Hj -:h ;"r:,=,.~urd 
';:.::i!'ic · .. ti O!l of Fuel! 

fTevio~ :; invustic;::tion:; of the :::c ch:mi!l~ of ';:'>1 proJuction ::t hi£:h 
press'.lre (~) h ave ;;ho.7n thot th.;; C::\I:;".:; of ::-..:th= ror:~::tion in !.r.; :;sure 
61i:;ificat10n of fu .;;1:; '.rc the tl.er ::al J.; Co.-'I'o;; 1 tj on 0,,' the or-':':Jlic oat t",r of 
the 1'u.., l ~d ::l::t!.:illu :;Y!ltb.::;1s r .;:!ctions, CO + 3H2 and. C + 2iQ. , 

;;(.,;11 tho 1017 t'):;;I~ r :ltur" c=boni:; :.tion pree .;.;;:: i ;; conductl. .J. un<1.;; r pN!l:;UN 
a :;:,.all',r' L·;th:l1lC: :;i.; 11 ::.~ b~ obtain",u for a I,;i\'cn l'U ·~ 1 by r ,: !uci~. the . 
pr";~:;\lr..; ~.d bJ' ca;'ry':'~ {)ut tho) i;roc~.; in a ;::,t..:r . v~pour :;;..;,;lj.\l;.l (j 1 •. ,. _ .. _. 

-:n.",n stud,:;ill£: :....., tt.:o.n.: for:_~tion b:; 1;:1:; .:;:,-nth..,;;i:J, thu slit ht pro.; r .;ss of 
ttlo::SC r ..;cction:; in th\) o:r.Jecn zon\) ·,/her. hiSli tc~ -i..:r " tUl'_S pr.:.v:ril., I..u:;t bv 
strcs.3~l • 

. n.,;: pr.incir:.l for-ation of :,~ tl,:m\) in l'l'\):::; . .1l': 5:.:.:l i1'ic ~tior. !:.:k",s 1.1~ ... 
i:1 t"..: l'::luction' zon.J . 

In order to d"t<.:r:::.:.!lO th" cond~t~on;; ~"st!"ict~le c.: than..: i'or=,~tion in 
prc:;s '..l!'" ,C'l.sii"ic:ltion, ~;" h ~"'" c!'.r:·l.i..l out t ·,:o :: .. rl.",:; of .;xx-:.i.: • ...nt:;:-

1. Exl.r: ri:r.c.r:ts on t;~ify.int; £>_ :,t s..;!..i-cok.., ;;it" n :; t.;o:.volC'Jo.;n ~.h:tuN 
(H~:O:! = 1, 5 :mIlO) d . prc~~ \1:-": : of 1, 20 :'00 50 ct::. 

2. !.:::;>.:ri: .. ",nt:; In or ler to :1. .13,:: thoJ rl.. :':.ction!l bet·,:.: ..:n tlirr', r "nt .. ,ixtur",s 
of CO;! + H2O (e::02: H,-O = 0.2, 1.0 :m'l 2.0) ,:ith !''' 'It ,",c-ru.-col:,: ' .t ter.:p.;r~,t".lr'!:; 
of 750-9500 :-.n1 pr-.;;; :;ur'.: s of 1 nnl 20 4t.~. 

:'hc: bl 'wt r at " ir. ill ";;'p·"ri :,,·mb :-:a:; ::i . .il::r, vi:;. ' 50 1/1.ln., corr .. :;pon:ling 
·to ~ lin,. ::r v010city of tlu.: hl '!:; t of 0.425 :../:;.;c. (un<.1.~r nor:.,,-l con·litiWl~ ). 
Th.:: 1ni ticl. hdCht of th.., b ,-u \~:.s 450 =c. . Tlw !':dCht of th~ ctu.rc;c ;;a:; 
t.prro:rl:lat.:lj' 300 c. Til-; F::rtlcl..: .:i::.:. 01' tho p" o.t :;..,;:,i-cob_ :;~:; 3-5 0:-_ 

JoIl ~'~lysis of the I"",t s",:.i-cok" 1:; sivon balo,:,:,:-

:. :oi ~turo cO!ltc.nt .... 7.09 Cr.rLon 89.}1 
... sh l4.42 H .... 2.35 
v. :..:. 14.22 N 2.78 

s ... 0.42 
0 5.14 

Durin.:; the l.xp.:r.lc"nt, at £;;i ... .;; n tl= interv",l:; i:'-s :::::.;.L :; ~ teop(,r::.tur.~ :; 
In the iU.ll b"d '-'\)1"(; tU:\ln. 

~cch t; c.;; :;::.r;.!,1..: t:>.kcn e t c. {;iv;m ti:: • .:, rcrrc:;.lnt..:d Co difl'",rcnt l uv ... l of the 
u.d. The .::;c.s obtai!l..-d ·,:a:;, tho.: r .:fcr.:: , =lj's.::J, end th e huicht of tho b(:d 'Ja!l 
c o.lcul::t"d (::lch tiL.o.: fro::. th\) c;'"ount of b\lrnt O\lt c~bon. 

'i'he :.:r.,-.;rir .. cnt;; confir;·.o.:d th~ finiin,:s of tI .... r~odyn,,-,-.ic in"l.:::;ti3"tion.:; on 
rhe FO:;sibili t:; 0,,' obt ~.ininc by pr.;::s'.Ir.:: (;asific~ticn (l t;:.:; '.Ii th "- "r.:dvt';r.:.in"d 
r:ltio of c~bon LonoxiJ(; o.r:d t,;olro[(;n. For ",ach gi v .::n rdio of H2: CO, :t 

partieull'.r, optir.r.u:. bl:;;;t co:. po::i tion is rcq'.1ir~;l 0.:; ,· .... U a:; tr.(; ::·'proyrir.tt. 
P:"C :;::UN (:F1r;. 2). . 

J~l oth.:!· condition:; bo in,! (;qu:.l, incro:,::etl r::-"!l!lur~ r .;:;ult :; in an ' incrca:;(:cl 
r:ltio Ol' !i2:CO in th.., 3r,:;. HO;;Jvc:r, a ::Jor e :'Fpreciaulo.l e ffect 0:1 t}-Il, r ntio of 
P.2: C0 i s <.;.:ert:::J loy U.~ co;::po3i ti:l!l of' th;) ll~"t. Gcn",~:~l "x ..... ri!. ... nt :il dat~, on 
th.; rat.: of c':lth:m.;: for~"!tion in th:. p!'",!)r.ur" en:;ific ~,'.;ion of P",:lt :;.;;:,i";coko·::.1: .. 
:;ho',:-n in 1"i:;; 3. . 
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:.s sho= 1n ~b.: ·il "'-<.,"l'=, th(l retu of =.::tb-m_ fcr--:ltion incr":.s,,O} 'n til 
::ncr·.;cs(..d t";:'i'.::-".tar.: in thu b.:j ;.n.! i:1Cr"".5.;! pr.: ~::1..~. :!c·~_\·.:r, ~bov_ 
Ij;,X)-1350:l tt.:l rct.l 1'::113, :-;hich nl'l'ar, ntly is ""l(pl~_d by thlJ accol"r:.tion 
of ~uth~) c~n~~rsi:ln r.ith unjuc~~pos~j · stc~. 

:'1.0 ;:..:th::.no-cont .. ;nt in th.l S~, d.::cr,,".:;os consiJa:-:lbly ::i th ~ liocr.::!..J.J in 
tho h(lizht or th.J i'ual b~d. 

DuriJl£; til" .:;"c::.n1 s uri .;s. or (lxpcri~_nt.s :-_tr.:-..."l.. .i"or; ... :tion ill thc r,:,luction 
zone \;:1.:1 .::xcln\:i. 

?ig. 1. sho::-:i t.:Ctn-mc. -contcnt 'in th.J dry v ~ :.;: . ::. i'unctien 01' tm tc~,pcr!\tur" 
=ith di;r..-r(lnt r etio:: c.f C02; p';;O u:d :It pr,,:;.' :U-':s el: 1 and ::0 Iltn. 

1.:1 i:u:r:;'!;; ,,·! r ::tio of C02: 1120 r'::;:Jlts in ::. d,"CN~1J of tm CHl.-c"ntcnt in 
. tl.o !:~ _ 

. iith incr,-~~1 rr ~ !' ;;urc (::.11 oth"r 'condi ticn.:: !:I~i:-~ cq!.1 ~.1) I th.:: ;..,th~­
con tJnt of thl Ct:..; I:: incr.:~cl. 

'l\:' :"'l ,".: r ~t:a~ incr~-.5c in ~~ 1.'roc~ 3= r~ .. :iult$ i:& i::;:r .. :!::~l . ... th!":.llc-contcnt 
in tho t~~; tr~ i:-.cr~:..::..: i~ r.ir:h(·r, th~ hi .;h~r !. l:~ rr .. "'.' .· ur·~ :.nl too lo·::~r thCl 
r·.tio C"2:i:L~. ,:,,'," s~c:.i:l[; 1i ··cr .. p~.ncy of tt:i :: r '; :·.lE ·: .. til thv cmc1u:;ion:l 
0:.' th.;:r::.,!~-n ...... .ic :'::·"l~':.L, in ·;:!.ich u .1.::cr.;:.::: . 1.1 tt.., =-_ t1::.n ·-C.Jut. nt .1"\5 

~~S:l- .<!l to t:L~ i,L.co ::i tt, ir:cr~2:;l::1 t:n.pt.:r ·:tur.:, :..~:.r o.J .::<:>l:.1no J b'; th., f -.ct 
tio:.t nt th; t .;:.:p.;~t·.lNS invo5tict:t..-l ,,· quilibri~. l.-.i net b:.,m rufficientl:; 
o:;tcllli:;h;: :i. 

L'l tlh C.~ific :.ti on ::on"o ' th" r . :.ction:" i r oc· • .:! ;;t'l'- b;,'-st"p (l.;collpositioll 
of stv=. :;.,,~; ,·,nv :;yr.th,,:;is r.n1 :.;, tl::m,," convur::ion). ".:'t'1: r~:;:llt i~ thl'.t" tM . 
r~t~ 01' the :.:.;t~cn" cO:lV.r::iun r e:!ction ::1. th'': t~ ::! "r ".t.ur" ,; ~' .. , .1oy.:.l i:1 tho 
elll"ri:.~nts. ~.n.i U ... r .:::;ilcnc c: tic... of thIJ C:l.!: .. s i:l -t!w i'u<!l b..:d·, roN not 
:ld~qu:.t.:: to ~3~·,1;.li:h Co r.o:::r-lct~ . quilibriu: ... 

'.t tho. .. r.:s~n-:; :;t~i:'- of ,:, v;;lo~.:.c"nt or pr;..:;s:Jr.., £~:lifie::tion 1n r. G~ 
p· .. , .!uc"r. c;n 1iti ~=-.s h:-vc n"t t,·.cn cre. :It,,rl tl:nt f:'\":T.1r :-"- th':n" -conv,,r:;ion :1ith 
.:It,,::;.. r.nj c:-:.rbon .liolliu.o, ~1tLouGh th"s J r":l'.ct::nt:; '':~ pr.:.;~nt iu the: stcno,! 
;;;..:; ~xtu.~ ~ tilin tha proc.:::.". 

:.t th,.: .:-: .. _nt. :;hen tt.c prc~ .. nci! of :;."tl:".nC: i::; fir::t :::';:·.r\·..::l in th" e:.:;;. 
t~ !,;fl.> .; ~:-.. ::= 1::.s ',-.lr,,:t:l.;; .. ntvr..lJ the 10.1 t_,-.,.:-:.t'.1l' '' !;on", ·.:t ... r..l r.:.thtUlc; 
c:onv .. r;;i~;: occ:Jr.:: 0:11;' ::li.:;ht:Q' • . 

Tn..: .::<p..:ri:: ... !l-:;; ):~V " ;thOm1 t.il::.t th·" ::.os t ~tr c!i ... ~ ; .• tt,od or r-;:;trictins 
::Altt= f;:.r--::.ti,·~ in pI" • • :.ur" S::sification I;; by c :;:;.trol1irl(; tl:oJ cocpo3ition 0: 
!bo t~ =-LUu!'"'t,; ,",r.t_ri~ tlM.: r_.:..cti.':)ll :0:1..). 

~~~cr:-..inr.tion c!' tl .... C:m li ti cn~ Contributinr to _ ~h.....n{; C,:)~lv","rzi \)n in 
t-:.:. -h ?!-_ ;, _·~~,,::- · .:-i _""i~··::t;i ~:l C~-. !::~ lid ?..le l!;. 

7!\: !t":-:~"" :.lr_:.J:.~ i:11ic·.tcd th:...~ in · cxi~tin.,; hi .:h Fr.:! s:;,~r~ e:l~iri .... rs =ctt-~'J 
C:"!l\·.)rsion is sli~':t, ::lthot.:~h th;) r "q:.lirc i r.::-:.ct ..II!::; .~.rc pr"::~nt in tho C"-' 
c:.i.xtuN. In c!·i~r ~:) utilizu this r_~ction tc o:!".!in ..; "~cs of :1. £i\·un 
C=Fositi:::-. :.t is n::..::"sscr:; t o stu,ly the c;:n.:.iti-:R:; f:..vcurin;; the r _".ct,ion in 
tl:c fu.::l !)",! to b;:; '::; '.sifi\::l, t.s ~7011 :1::: in 1'. :cl':.!"-:~~ :.,.,'·.r::tu::; .::I:.pl ">y1J18 r.n 
in",rt ch~.: • 

:;:'t:~ tr.i !' i:1 \·i ~ ·.;·, \:~ he·· ... o er..r:-i \Jl out t. th::--J~:tn:-:---,- c r.n~ ,,"7.:y~ri r..l.nt::l 
inv~stil::.ti:ll: · cf' tl:~ r.::cction bd'.7.;cn !: .•• th:'.Jl t: ::n! ~t ~= ",to hl::;h -m~ n '1I'0::.1 
pr:: ~s:.!r.:~ ·in the ri.: £' . .::r.c~ of cocl. or .... .n in.: rt c.: .. .r_: ..... 

:.s 1:; ;:!:!:l=. tt,~ r(lcction C!i4 + H2D 15 c::.:-ri,.'i ,,:.It in:lustri::lly :It 
: :tr .. o::ph.:ric rl~ .... =S:.:r-.: in tb.l Fr· .... 5t.nc .:: of cct:s.ly:rt.: . ~,ris r ..:~~ct1 )n, c r.rri .... 1. 
.)ut in th: pr.s .. ::c., of' :: selid fu c:1, ho-;:"v_:-. ~.~ .~ , t b.;;;n u!:.::l in ~u:;tricl1:; 
!!Zl~ h~ t ·. _!': t. 'x!ll in,'~sti~~t\=~ • . 
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;.. ::::::.ll nu.-.b·.r of cxpri:~"nt:: in th!.s dir. t:tion '.":loS c~:rl"i",l ou~ in 1930 1>;J 
:i. i.. r.lyllkvin (4); tho r ... su1ta, ho:;;vc:-, ;:.r~ not such ::5 ;;0 f..r:.:.t ny 
c'jnc1u:;ior.:. ::tutscu'/.: r ·.:ith NC; • .rd t;, t:~:; N:lctioJl e.ni th.: d'1\;ct of in.liviJu::1 
t~ctorJ on its C?urso • 

.:..t p .. · ... scnt no publi~hed l..::t.::ri:u' h :Lvall:lb1e on til..: thor : .. o'l.>'n::;:ic 
e:quillbriu~ of the r.: ".ctivn Cil4 + ~20 •. t rjeh pN !l:lUr" i:1 tho pr.s. nc.)· cf co:l1 
or Wl ine:rt chr..i-.:::v. 

0nl;: thv·.lr ... tic :.1 · ficur;;s g.N !jv:-.i1::~1e l'or S-.s ... quilibriur. COl :;odticr.; . 
the::lU ;;,) r~ c :l1cu1'ltcu by V. ;... K~zh'.vin (5) fro:~ d~t:t cb'.:~n .J 'l:Jrins :·,,,th:U1; 
conv..:rdon ilt nori.l:U. ·pr.!l:lur;.; .itl. ·.r:u-iou:; ~.ounts of .;t .. ~.:.: :\t tu:·.p...r'ltuNs 0"'. 

500-12000 o.~r co~l ~1 fir~cl~. 

"Ie h t!vo c-:.lcu1-_t e:l th.J oquil1briun or tIL' r .:':ction CH:. + li20 '.t rr~::zur,;:s 
1, 2() :'.Il·l 40 'It:::, ' tC='F.:::-c.~'.lNS 01' 700-11oooC. ' n] n20:CEI. r ::t io:; c1' 1, 5 -::nl 
10, in t!w ::r:::;.::nc::: of c -.roon or -:.n in~rt ch~Go . '.'h ... t - :;li! sho::- th", .l..!.:.T .. ... 
of ~. tl" .. :!\ .... con. ~!'::ioll '.~ til .::t. ·c-. Jbt::in .. l bj' th.:. s .. c :.1cu1·: tivll:l. 

Th ... c:.U.culation of thl. th . r-•. oJyn·:;;,ic ·. 'luilibriu::. of th'J eli!. + ::20 r~ncti:;.n. 
h:":1 sho'::n th::t th" opti;.u::. c :r.lClitiv:l.:: for this proc .. .::s :..l" .. :-

(::) .-ith en in~rt charG<l - t ... =-""r"tur .. !loovv 9000
; ii20:C11t. r~.ti? ~ 5; 

0.11 prussuN r...nctJ :i ~7. "II..in""cl; 

(b) in th .... pr~scnc;: of cC'::i - t_=--p.r ·.tur ", nbov .. 1100'; H20:Cr.4 r::.t10 = 1 
anI b~l~; ~t the 10 7~st p~ssib1" pr~ ~~ru. 

Hiller th .... sc conliticn:l pr:o:ctic ',lly c o:.p1"t .. uc.th:m,,· c<lnvvr::ion is obt:dn,l, 
both in th;: prcs.;:nc" of c:·.1 ::n! = in~ rt; ch'lr.3~. 

In "v::1u::tin:; th ... s. optf:.u'_ CJn li ti:::n:; ' ;1 th r"~~.1 to tt.~ P!·c3S'Jr.;: 
[.~~ific!ltion of so111 fu.:ls 1n pr:.<'t~c~, it : .. ust to:: not .:: ! th:~t' Ul r: :.rry out t~" 
r~::cti:m CI!4 + H;20 in th" prvs~nc-: 01' c;,::l is hnr.ilJ' fO:::1::io1 ... 

Tho t .... !lp.;r::tuNs of pr..:,;sur.:. 'C:::;ific::tLn of :;011'1 fu~l.:; :7ith :..rj' csh 
r .. :.ov:!l ::r,;, :lol·.::ys b.:10·.7 :l!=t1::.u:: , si nc.:; th;y :.r ... llLit"l bj' th;: ::::h :.~ltine 
t.::~por:tur~. i.~. or th~ or!~r of )100:::. -

ilurin,:) "th~ Fr·.:>c~ ·; :: l:--.rC..: :"..::.:>~nt::; ':If .::XC~!;S ::;t'.::l::' ~ ..rv rlro .luc~! ''In:, 
th.::r,f:;r .. , til .;: I!~O:(,i :4 r ::ti:l in H.c u.1Furifiu1 oS::'; c ; r. .; i:.r:.bl:t .. xc .... o·l:! (for ' 
1r...;t ::llCt.: 6-10 ti::.,s '::h..:l '.I:lrkin& ·.:itl. :'rJ·.:n coul) th~ v '.1u·,;, ;1hi~h th .. l'l:'o­
lyn:::;ic :ill;; 1:; th~ c;,st dv-:.nt:'.ticouS for tlw conv"rsicn. 

',j'h;: Cl~ + :120 r;:::.cti::n in the pr.::::.;:nco 0 1' C0:11 C:'.Il cnlj' b.:. l:fr .. ·ctiv .. ly 
.IlPP~ ::: i:1 th..: C'!:;": of hit;h t"' ·'F..;: r ::tur" i'r ~=:;:Jr\J Z:u:il'ic:lti ,n, f :lr .:z :::..r1.;:, 
i ' N:l::U1'C ,:;::,.;ific::ti cll ·.~ith liquil sl:::.c:; I'.=:>v:!l. 
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Fnr =or~ ~rf~ctiv~ i, tto ~Pllic ~~icn Or th~ r~r.cti ~n in th~ lr~s~nc~ of 
~ ine:rt chnr.::;.) I ~ in pro! ~-..:r ... L;:lsificr.t1.:m of soUl f ·.lcl · .. ;;..th . .lry ush 
r ':;:ovc.l. 

In this cor.ncctivn e.ni b,, ~.ri!U in :..inl th.: purpose of cur stuJ,y, it wu 
n" c.:;sr.ry · to obt::in ,- x~_ ric.~~.4;:'1 .l. ... ts C:l th.! v.~ locity of the Ci\ + H;?O rv::C'tion 
unl~r conlitivDs f~v~ur1r~ t~~s p~OC':3C • 

. Exr~ri::-,o: nt:: .:_r.: c~i.:: ! cut in tl:·j p~s~nc() of !\ ch".rC~ of !'ir~clt\Y 
pclluts of 3-5 =~ c.t t.~F~rr.t~_ s of 500-llCOoC. r~l Fr~J3Ur':3 1; 10j ~o 
c.nj 40 cb, th~ r"ltio3 of P.20:C::4 in tho hl ·!:;t r:irt·: .. " b .:i nc Ij 5 cnl 10, 
~'l bl ... ::t. v.: bcity, r ::f ::rr_ l t;:: ~. f! ';:!o c:- ').3s- !:..:. c~i :>n un !.:.r n :Jr. .. ::!. con.1iti ·~ns, 
b~in~ 0.425; 1.Q6j 3.45 ~~l 6 ~/s. 

:E7:?'~ri~_'~r)ts ;'I.;N _13:> -::.rri,,! out ':ith :. '!.ifr .. r _nt nltrc.:~n-c.)nt",nt in 
U.u blsst :;i :r.t"..lrc. ';ho h':! l.:lJt of ti.o: b\.!! in nll ~x!"ri;,~ nt ~ 'I~S 500 I~ .. 
7h\:.: ~):f ... ri::.c:nt:; h "~\'~ .:hJ,:-;n ! :: .... t ::t t _·: i::;,;t · . !tur~:; -;b :JVv e c>o-E500 ·~i th incr "; :'l~cd 
'01 'l~ t v.;;l:lei ty (:111 otLr c ::~:;ition:; h .. ir..:; ~qu :~ lJ, U,..:: \' . loc i. t:l 01' VI.J. CLiI. + H2O 
r,-'_cti~n :llsv ::'ncr.;,::;~:;, th • .l"cr~~ of .:..: '.h:-.n<: c:::w.:r.:: i on, h: '7", v~r, f'!11:1. 

':h~ l"!:r .. ,, of ~ ", ti::::l t: c .;r.· ..... r .: i on ::I' .. n r _ ':ctine · .. i th .. t,, :..; . ! t v-:riou .; 
l: .:.r.p.:r "'lturl.!!i W'l..! rr~~5urI.!S is ;..r .... ctic ... ,l::; in ~t,,; r .. _n ] _, r.t J~' !.! .... h:-O:C!4 r:1ti~, 
i.<). th.:: c!.JI\C<.:ntr:.:ti::n :.If C;:4 ir. th~ bl~t [.ixtur" (J1.i:. 5). 

C:,n;;_qu-"nt1:t, tr. ..; r ,, ·.ctLm. c:~ + ::;..0 i..; :~ r"!lct.i ~' :l <-1' th .J l'ir::t ,)r l ... r 
uul~r th~ (,. ")n~':'ti :Jn !l r l,,; v:..i lin.:,; in th...: ..: ;:!",ri: . ~nt ~ . 

Tlris c onclusLm ':(:;; sub::t:l.ntiat~ l t:; !1. .o ... ::-i ... .; 01' ..::.;rA.. i-i; .. .... nt~ c'lrrie:l out 
".t vc.rious t .::.pcr:ltur'..:s, ct :. l-r ; !!:;u::-~ ,,: 20 'It;~. .-: '..h:. r::tio of 1120:C~ = 5, 
but h~vin:.: 0. <.li!!' ... r.;.nt ni :rc :~ ... ,,~c .>nt :: llt in th..: .;t~til\. .::;=.s (o-71. ~i'. voL) 

'.:'he (:xp"rh~;;.nl; :'u' ·!.''It:: vct:'.i:!~ . l .:n:.t-!o ! th~ ,- _'f.::ct cf i 'r... : .;ur~ v:;rictioD 
on tho ccur :-~ of th" G: ... + r.,O l'_:.c~icn ~:: :i['1' _=-_nt t ;::';>-' ~".L::r.: :; to bo.: 
dot.~n..:<l. 

:110 ef;'"ct 01' tt.i :; f :.:ctcr i:: ::hc;:t:l in ?'i: . 6 - ::itil incr,, :-.::.·l I-r.:::;,;ur ... 
(:lll other con.!itions b·~in.:; ":<;01".1) th~ l~cr • .: of ~.:;tl:r.J'_ conv.Jl':: ion lneruc,z.::;. 

?he ufi'_ct of j: r..: :-.;~r.:: ~ f xnl in tho ,;xp.: ri:.:.!' t :; .. '.l _t ~ _ r~,:':rl~l " .. 1 

-m ':; l'f.:ct ':If th.. , .. ri r.ti-;n of ';;'.:') f :,rtors: th", ::-.::- i ~,.; r,c", ti::..:: cf the en:;<:.; in 
U, .- r", ... -::tion .,..,s:; • .:1 ~nl the ro~ction v_I cit:l ecn:; t:'.1lt:; • 

7!itt. incr·,:'.!!) 1 pr.:;;;ur.J tt • .:: r ... :;i : .. nc.: tir.~ or !:~":$ in the: r J"lction 
ch= b.:r is 1 r~11n.::;,,! ".nl th:.: c.;>F:1.n.:nt r ·"".cti on v.lC1City (t h;, !ii'!'u::icifi r·.n:;v 
or thl.! b oun ::I.I'j' r ':ncc in tho' ki n",tic r"ei:=:o) ~"er.:~us. 

'roo '\.:cr.: :-.s() in th" ~-:::'.I'~nt r,, :,ction-vcl :>city ':orl3tnnt ·.nth incr.:::::;<.:! 
j-ro!):;=o .,roc ... .:·l:; nON sl·,~;i:t t;::'.1l th~ incr..:::':;';; in th" r "si :,mc", tb.c.. ·.:t.,ich 
r03ults in ('.n obs"rv~:hl" incr~ ... s.: in ti.·:; 'c.:;r..;o of conv"r!)ion. 

Th" d~t"l Nl:.tin:.: t o U ; . .... ..:l ~cit:t : 1' . tho::: r,,".cti<:>n Cf!4 + :120 in the 
pr~;;_nc", of en in"rt ch:u-£;. h'_\'~ sh~l;n ~t,;; pc:;r:':>iUtj' or ~ch: ';vin:; pr;.octicilly 
c U .. :l)l~ tt.:; r-utho:net c cn·: ·:; rJ i .J!,"~ , l'or I~A~:.!. l._, .... t ;>r ... ·!;.;iur""!i Ul. t o ,,0 atr. !!..~J 

tC~'l-"r:ltul'\.> .J in the r ·.:l':;" c:' 11000 ; .t~..: :;.ctl.~", conc. r.tr:ltl oll in tl; ... st::rtin!: 
.:;c.:l ..!o.::s not :.rr"ct th..:: r !!t ", of th" pr,:lC" :;3. . . 

In c .)nclazi en, it ::'"..I:;t 1: .:: .;~r~:;.;(.i tn:lt the J:r;;lC J';s 01' ._"th·J' .... cou'fors ion 
\'lith st ~c.::l in ~ s..::p::.r=.tc r c.::'.:: .... ::. :l:1 v~ !J s\:."l o':~·r :"-" inc:-rt cr.~,· ~T_U-:; j·."Cil 
1rith t~ b:1:;i;:: in·lJ.;st::-i:ll l,rv'~":::; cr j:r .. ;:;ur~ ~".:;ific·,t ~-~ of ::.)11, l'ul.l:;. 
It, th~r~rc;",(;, b,-;C,": .. ..!;3 ?:>:..:i!ll..: t o sir.;:li:''''y t!:c: :_::i:::":l c~· ~;....; cl.; :.nini: (; qui!-,:.: __ nt 
in tho in,].u:;~ri:,l pl:mts. ::n ~dJition, r,, ~.l p: : sibilit.:..;:; ",xi~t for incr,.::.::i IlC 
the. ti:~r':Ql e f.';'cicnc:; of t~. ·J "n .... i r :: pr :lc._ :;!) !:'y ~tilizin~ th,; ::n.r:y of l:h·~ 
COl.} r"'~:;l::l hi.:,h l-~ r~ssur~ ~ ~.:s 1:1 !ji::.",lu ..!~:;:msi(Jn t:lrbl!!_5 . 

Th~ f ·~v ... l:;r :.blv cl::.!"~ct~ri:;·tic :: ct th·;) prOC ... .:3 !~!ic:-~ b ... l , · .. :!CO;;~ ~:;~ furt !. .. r 
~:vl'k in U .. i.5 1':,,"11. 
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1. Invc3ticntion: ~cr~ cnrri~1 out ~ith ~ viu~ to obt:~n1~~ b~~~~ ~~~inc 
thu r''' 'luiruJ rdl0 01' r .:.c.ctivl> c'j=,pon"nt~ but ·./ith u ::ini:::u:: ccth~-c:nt.)nt. 

2. In or-l" r to ·lct.:lr:::inv con.!i t i :m3 unj"r r:hich :: ... t h '_-,,· 'i e 1':lr-.:.~ 1 J'Jl'i~ 
j)rCS3UN r.: .311'ic:\tion of ~oli r fu ... 1, olxp·.;riounts rr"r~ c :.rri.:.l :l".)t int~ 1.t. ... 
~II. ,1 J r r oc ,·s..l of ~::sifying lotV-1.c::F,,:-ntur,J 1"- d col:.. 71th st .. 3: /Olf:'J::._n !.±ctur.:s 
of !i1'i\,r0nt r ::. ti03 3t ?l""ssuros up t o 50 ::t;;. , ::s ~:cll ~~ U..., ;:r:)co:..::c.:s .::ccurriry:; 
in tho r~~uct1 jn z~n~. 

F.xp .. ri :"':: l)-t:; h· ~vo.; sho;-:n tho p :l:;s1blli~:t 0 1' oct rJ n i !15 : . .::::;; un't .. r P"C;;::"lrC 

h:lVin..; 3 pr"uvt ... r: .. iM.l r:lti~ or r e::ctivv c:;:.p,:m';:-lt:;. i-\w .. :'.cr, ·r.:'luirvJ. . 
pr"ssur(; r~:l !.:sir ..;J cont.::nt of r.:.::.ct1"1c c o::'1'on .. nt.:; .. F'.rtic:.l.LI.r o; ,ti:::.I;;. bl~st 
cooposi ti"n i s r"quircu. 

l.n .:rficient 1.;;tho1 or r ... v tJ'ictin..: 1.1;; f or :.:::ti '. :1 of :_ .... tl.!1Il.: in 
:;":;i;ic ·'.ti ~ ,, ,,1' l'u01 con3is t:; in cc.:;.tr~llin:. ·thil c o:-_r~..;i tion ,,1' tho:: 
.:nt ... rin.; i~ rvr.ction z;ml:. 

i · n. ~.lur..) 

-: ~ -..ixt ... r ..: 

3. 1.1I inv.; sti ~:'!ti ') :-l in~o tr..: cOI.liti oll3 · 1' ·~\' ·:Jrin..: 1JI ... c ':::l\'_rsLm vl~ 
~, .. th·.:n.:. · .. !.ich 11:!:J f or ; . .cl brin.: ? l'.. : ::ur" ::_::i l'ic:!t: :. ':If - QU. :'.1~1 : .... ..; .i: ;~ •. ::l 
th .• t ,:1:':: 11 ;l~ri'or-_.in.: this r..: :..r.ti .J:l in il;\) p"_::"nt; .. .>1' cc'~, n~ ' :-r~h ::ri!..: 
l(J~ru tl~CI i ll thJ l~ th: ... ~,,:,: -c0n't~l1t in t h\J S:".!J is oot :· in·~ 1. 

/:.r. iov..;sti ~::ti:m into th_ N ecti.m C!-lJ. + H20 in ti. ~ ;.r ,,;; .. :c .. or :!J1 in ... l"t 
ch , .r:;~ hes :;hu-.m the 1'~5::ibilit;,' 01' obt:linillJ pr:.ctic~.11:: · cc: ., Lt .:: c :n\'~r::icn 
of I . .cthc.n.; ~.t hi:;h pr "ssuro! ,,-ol ~.t t -'!' ... · .r~~t:.lr ... ;; of tth: !lr J(.r or 1100:'; the:; 
c.cthan" cOllc.::ntr::1.i on .in thv st.::rtln.:; [; ... :; Ji .j r. t ,,1'J ..... c~ th __ _ .. T-. . uf 
cOllve rllion. 

Controllin. : U~l ; __ til ... no.;-C ,1nt,.;nt 01' L ... .; obt--.in .; ! :'n .. r.; . ::U!"_ .-:::-i l'ic':tior: 
I ;;; :: .. ~:;t crr';cti v _ l~' :lCc,j.::rlis!. ; 1 in c :;"!':~'l to.; t~;'l,::!"~.t-.J': in th~ Fr .:.. •• lC'; -:f = 
in ... rt c lnrr:.: ; this ' ~i':r"us sati .Jr·.ct orily .~ith tho.; o -.:;ic in1u::t.:-il',1 p·or":::lS ".1Ii 
cn:.b1"s ti~ (.rfici~ncJ or th.: "ntirl.: ':;"':; rx:o~ucti'.)n ,.r ·:c ,,,'::;; t'j b o l.::.!'r ov ... 1. 

1. A. L. CHE?.t Y:.~~ ct &1 •. , ~ rce. IGI, III. 195!h 

2. v. S. ~J . 'T'...,Jl.'l ~{. Ph.D. 'T'1:csis, IGI ;,r: :;SS!t, -195'~ 

3. v. S. & ' 'WHUI..f:!i. and G. : . SFJ.?'IR, H.i:r..i Tekhn. Tc/,liva, 1~56. (10). 

4. N. A. KI.nn:vm: : cUu:.!\C Cornrilrsior.. r,cS:!T Efli.'i'. 193:> 

5. v. 

• ~·1 • 

. ' 



. - ~ ." 
~ . .~ 

-, ... 
..... ,' " 

-': .. 
,0. 

, 

!~C~ 
.: ~ ~ _._--- , 
r:kr 

~ ... ~-: . : . • ..,f=- ." ~, __ -J. _ 

- .... , - -.- ' , . . . 

. ' 

:: ~: 
• < 

:" -.. 
-'-~ 

;: ~ .- .• • .. - '- . 01 

. "" .= ..... , ' . 
~. "4 

.' . 
~. 

1: 

I : 
r~ 
I 

~ 

-H ........... _~ : - : - ¥f-: : 

. ;.~~l~.~' ~, 
. : -:- : ~ _ __ . '·0 . 

--. - - - - -- -.-. . - .. 



.. 

... . ~4 .- • 

,,-:. -'."':.. -: . ., ,~ . 
. i , " " , .. , 

I' ¥~ 0_ 

.. . -
--..;....-.:.;..o=~-"-;"'-~ ..... --...... --'-'---'- ~;:;c:::=~=':=~~"";"";==:":~""'::~~7--:-~~ 

t ,' 1
- ~ ~r--:,,' 
,. ::#~ ,I 

I 
J -...:.. , -, • 

I 
I 

" 
tJ' 

I 
I 

" . 

, . 
~. 

• _ ,~~,,'I,V 

~G • 

•• II -;d­
•• • 

. ~l + 
"j , . --:. -- . . 

."l 

-j 

I 

·'1 i, 

'.: .. ' . . ' , 

/1 il" 

.' 

,-1. 

'" ' " 


	Al'tshuler, V.S.-2047_OCR
	Al'tshuler, V.S.-2048_OCR
	Al'tshuler, V.S.-2049_OCR
	Al'tshuler, V.S.-2050_OCR
	Al'tshuler, V.S.-2051_OCR
	Al'tshuler, V.S.-2052_OCR
	Al'tshuler, V.S.-2053_OCR
	Al'tshuler, V.S.-2054_OCR

