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An Apparatus (or the Study of Reaction Kinetics in Solution 

as Pressures up to 10000 alm 
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Description of n 10000 etm apparatuil designed to (ollow continuo 
oualy reaction kinetics by eouducta~'ity m~ftSfUJ't"menta. Tho apparat.u8 
consists of th.rt-e plutS: 8. twoos-tBJ!"" Pf"ClII'IUTe g'f?JlenHOr ef)uippcd \\ ith 
Bourdon mnnomctt'r, a r<-n.ction rhwnbcr wruch is R stct:·! b lock with 
• eylindricoJ bole 100 mill long aud of 7 mm dlllnlNCr Bnd with high 
pt"C88ure eJe«trical ICQ(hhrouVUl. and an I'lcctricai circuit (CIT rt"Conhng 
tho conducti,-ity. The TCftctjon ehnmbc-r i.~ kept. immcnK'u in water 
thcnnoslath.--d to with in ,)'MoC durmg mcwmrcru('nu. 

A aui>tK:<fuent. p8pc'r deAls ..... -itb kim·tic mCf\Sun.:.rncnts of the 
hydroJ}"ais of a Bf"ries of ~ten at Pft98Urt'8 up to 8 000 atm. 

In the experimental study of reaction kinetics in solution at pressures above 
2000 or 3 000 atm it has been customary to let the reaction proceed for a 

given time at high pres..ure. rem", We pres..ure and analyze the mixture, 
after which the process is repf.'ntro. for other durations. This proceuure, which 
is motivated by the difficulties in measuring physical parameters at high 
pressure, is lengl.h), and introduces """tt.er in tbe experimental results. It 
may be avoided in certain cases. such as those in which the electrical conduc· 
tivity of the reaction mixture is related to its composition. Although high 
pressure electrical connections han been develop<>d,l their u:!Cfulness in this 
context aeeme to have escaped not-ioe.. The present aut.hors ha.vo devoloped 
a high pressure reaction cell with auxiliary equipment described below that 
permi18 measurement of the conductivity of i18 contents at pressures up to 
10000 atm. With this apparatus it i. f>O"8ible to record continuously the degree 
of advlUlooment at high pressure of any l'eaction that is accompanied by • 
ch&nge in electrical oonductivity. 

EXPERDlENTAL 

PrcutIfC. ,UUlraior. The block diaKJ1U11 or Fig. 1 8hoWJ!I the main component8 or th6 
high pI'08SUJ"8 generator which operatN in a tWO-8l.age pr"0Ce88. In the fint stage (7. &t."8 

the 6gwe) compreued. air at. 8 atm is u.ed to bwld up a preuuro of 300 atm in a mixtu.re 
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Fig. 1. Block dingram of pressure ~en('ra.tor. I. Vnh'o for pl"CSISurizoo air; 2 nun bore. 2. 
Air Slter. ~. Oil for luhril·t\to~ . 4. :\lugrli'tic "niv('. [;. Oil rescr\"()ir: 2 1 capacity. 6. 011 
filter. 7. Air opernh .. d hyl1rnultc pump 10-500(:-1001. t5. Ato mum!'r. 9. Thri'l'.wflY v(llve 
(250 elm). 10. Intcnliificr. 11. Relay. 12. Switch . 1:1. Contact guuge 10000 kg/em', 1-&. 

10000 atm '\"8h·0. 15. Tubing. 

or 50 % Esso white spirit (iWJparnffins, di~lill(\tion frnction li8-20aeC) and 50 o~ Shell 
Dialac which sen'clf n.'t tho prt's8ure trnrucnlltung IIlNIUm thmllC'h the rt'Nt of tho liys.tcm. 
In the second st.ol.!'o tho prc~lmrc il' incrC'1lJK't.i in ttl!' rutio of 40: 1 by mf'nrut of R pn'>!8ure 
!ntensifier (10) wlncli i~ "imply a ri £!ld cylmdrirul tluntiuc piston hu.\"inc: 8 JAr:!" (linmeu.-r 
m one cnd and a smnl l dllunf'{,('r in the oth('r. \\" 11'" Qne ~I toke i!' u('comph::<ht.'tl. till! piNton 
?lay be returned to its stnrting p OSItion hydrullll('oll~' with thr· IlI$!h prt.'~.r.:llrc "'ystcrn 
~Ia.t.ed. and 80 the purnplllt! may bo contlOllt'ci Huh·finitely. The thrcc·wtty vllh'e (9) 
11 used. for this purpo.<lc, Tho hi~h pn·s,.;;;uro I~ rend from A. Bourdon mnnom('ler (1:1) 
ooIibrated at the fuctory. Tho POlllt(·(' of tho m('tcr is prc)\'idl"d With 0. C'OlltuCt f!lUetlon 80 
that if tho inciiC'nt.('d pt(oflSUrC islowt'r Ih'\l1 R pto·~·t VUitl(" the syst('m wdlstort pumpin, ~ 
automatically nnd continuo to clo so uulil the Pn"'Sl't ""Iue hM b<-cn ('f'(whf'IL A rcJl\y 
(II) controlled iJy th,,~ contRct Bnd t\Clllltl on nn dC"('tromngnt.'tlc vokc (4 ) nt the com· 
pressed air inlet nchiew's this function. The j:!'I'ncrntor "' cupable of mnintflinill~ constant 
pressure to within ::- ) f){) utlll throu.i!hout tho durntion of 80 eXpf'rillU'Tlt. It is ('ollncctOO 
lO the meMllrlO~ cf,lI by m('ond of ~tninl($8 stt:v l tuhins;?: M mm O.U., !! n1ln J.JJ. 

Mtn81A,..itl!l ull. Th.t:' r('act ion ce ll (FI~. 2) con~i~ls bnsically of n cylindnrnl piece of 
Uddoholm 8taiu lc 'Ss gtC't'1 22 hardened to ;l5Uo Bnlldl. IhroufZh which is drilled n hole 100 
Inln 10llg and 7 ,nm diRtnN('r. One end of tlw hole i~ c~lIncctcd to the pN'ssliro ,l.!I'nerato r 
through the 91('(' 1 tube Int'ntiouro o.ho\"o whilo thf' other "'id is closed With a d('1I10llntable 
iitopper in which thrt"e inslI!llt.OO steel pins are fLxt'tl. 

.'l'h.e conncctinn!4 Uf«"'d hnvo performod well. and t.ho principlo of their consttuctif)n, 
lUI ~nd,cntNI by Hart Rl1d Suns' w,lI 00 «pscrltw-d in SOlllO detail. \\'hl'.'o t.wo pi,,-'('f's having 
cylindr ical boM"!I ami npproximatl!I)' t.h(' ~lImo hnruncs.'I nrc 10 be joinNi. t\ thim piece of 
harder material is in~('rt.t1{1 betwC{'o them. Tho tulio OctwN'n the hnrdnrfl"lt'S. 1\."1 1ll1'I\l'IlirOO 

In t.he Brincll senle. should be llpproximntcly 4:3. The !Cofter piocf'8 should hnvc nat fnces 
VCrpendicu ltlr to thC'it o.X('Ii, wtllio the hnnl piece should ho.l.·e conical C:ld fnc('s $10 that. 
an anglo o f 150 rcllulins f,'('o \\ h('n the pit.,(,cs arc n. ...... PlTlbl("<i. The insiclCl tliamN,('r of the 
~tennediate pi("Co :;.lloulc illot ho Wt"R.tcr thnn thnt of rho adjoinillJ.: pi~, Ami itl( orienta. 
t.lon be wcll controlled. Tho Henl m-twU("n tho two fltt"'{' 1 fn.c~8 i1l (t,rmcd whl~n thu harder 
0118 rlefonne the softer. Thi~ d('HIs;?:n ho.s bcf.n modified somewhAt for tho junclinru at. the 
~'wo enda of tho 111f'llslI rin,.;: (:cll. 'lhe bo.ck face of tho stopper is ground sphc ::icllllM> that 
It. may take up tho eorn.'ct o rientation. 

Tho c lcctricn l h~ndthrullghs consist of pins o f Ud,h:holm stu.inlC!'l8 steel ~ l hardened 
~ 38~ Brine ll.l'o rooucu forces. they ar6 modo ruther thin. 1.3 mm diameter 01 t1ln.ximtlm. 

o l'C8ISt the Pl'C6Suru. thoy and thu eo~ponding holce aro conical with a dio,ulcwdcngth 
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