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live stud,iee of rad;lation chemistry 

r the application of rad la t l o r r  proceooing ;qp.+'c -.,a, 
k, chernicaa reactions, in general and excepting a feu isalated cases, the 

a+ w- products h a - 2 ~  . I ra ~ m t  u to p'm2c1ud~ practical utillurticm. 
. - , I ' ; >  - h-cI 

Ibua, for  reactlaars, mdlatlm alone st Rmbisnt  condlt3om it3 oot a 

eufflcicnt agent for ecommical pmduction, krm, we are h i  to the i w e o t i -  

I won of mdiation effects an xmctleea at elevated temperatures and pmssuras 
__L 

counn@rcicsl advantage, a radiation procees us- 1-t replace aa ~ i v c  

catslyst system, genemate a rtacticm at suaevhat lea8 rigomma conditiam th8n 

i s  usually emplayed or yield a better or unique product of hi& valucc. In our 

l n v t s t l ~ t i a m ,  we have muWmd aDJy tha potential of m&flptian as s replace- 
:v'%::$ - - -P 

.-I.,. 

ment for c&tact catalyst, 
e * 
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Beta n q y  tscurces  wid^ tho chemical reactora have U s t i n c t  adv~p-bgee over 
'- . 

%'he other Zorm of mdia%iolu, ao pp3iiua, accelerated electrons and hard X-rays. 

ktcrPm1 be- sou~coa iagford a Ugh 1~3%-cL of radiation in 'cho rcsctlon zone 

arum a rKLativeA.y s m U  c o m e ,  More than a hundred times as maqy curies of 

a c;:;'dtJ=r, a~ ~o-60,  ~ o u l d  be squired to give 'c;he same Padiation 

dose rate szs obtained f m  an f n t e d  bat?, source. This I s  becwa be* ~8 

I 
dlepoeit %be buU of their enex# dong a ~holft path iozeide, the sewtor there 

5% Is ne.s&ed, as opposed to &yams m y s  ~ i e h  wastefully diseiperta their -rgies 

over bong range6 i n  surru\anUn@, w i t h  but cr ar.all fraction oZ the energy being 

appUed i n  Zlle,reactor *em seeded. Anotluer advantage of beta sources P o U m  

as a cosol.haq, is, w;t# m ~ o t  of '&e radiation setslncd ~~~1 %Be 

reactor, %he shielding problem is greatly xeducsd, !Be only e-rnal ra&ation 
1 

is R ;~reS..aGivdy minor amount of Brem2;uahlq mdi~L2gn  Wt arises fPom the 

not mquix-e e.x%xa aMe3.ding o W r  Wan the metal  a a c t w  of the reactor i ~ ~ o  

B e  a&ms-s over m&ie gemmlied radia%ion are clearSy %hst electron beans 

: P m  ace;lcra%oje cannot a* ajl penetrate inside high pressure venscls or 

x=act;om nrnd =chine X-myo either dlseipa-be most of %heir energy i n  surround- 

ings like gmm ~rays, A% %by &we hard, or suffer sePiow atte~~l~tion by reactor 

walls if they me soft. Also machine X-rays would require massive sMt?J.dhgo 

Wrstic~~ Processing Appamttae 

!Phe radiatian groceoefng unit, shown in Bi@m 1 is basically a high 

pressust?, Ugh ImperaWre reacto~ for bench-scaler experimnts, in w h i c h  beta 

radiKt;5sn dixcectiy repl.aeea conkact cataZy8tse lZle uni t  is dssigued for 

opomtlow to 10 000 p-d-. C for either liquid, vapor or mixed phase +---- c 
~ F M ? ~ ~ I S ~  c y 2 ~ i ~  reactor walP is 2-inch thick 8-88s steel, %s 



' in en.vel-oped by a 2-inch -iiick &Liaminum electxrlca3 heatim jacket and 2-inch 

-2.hiclmeoo 02 ma@e8ia. imw3~tim. Thi8 aseembly is with5n a 2-fo06 diameter, 

g/S-incb 'thick .steel conWment cell for psolec%ion a&ns% m a  con%aahation 

in case of a hi& pressure tlrpturn, s o m e  shown coosis.t;n o f  90 curlea & 
/ 

S T - 9 ,  Y-90, in the %om of lWmeso-&m MI- an¶ Bbut'act- Coqpw'e - 
(3M ~3r833.61) radiating ceranrPc rmlcrosjhmes, 8ealed within 485 hoUm s.a;airdlass 

stfie1 needlee W-& are cross-stacked within ^be sector. ebemical macbnta 

irx'8diatad by mi ldn~  throu@Ithe interstices of the s a ,  of needles by a . . 

Stro&l.m-90 ww tho pum 'beta wdtt& choice for the source 
. . 

. '  b e w e  of avallabiliw, relatii~rely Low COB* and the 2.2 gev &!!%a x q y  fsom the 
. . 

dm@&r ieotope, Y-90, e m  penetrate %he 4- mii a t e  valls of tbe irned3.e~. 
. . 

3M &and M a t i n g  mlcroepho;rc@s WQS chosen as form of M o a c t i v e  material 

became of high taperatwe stabiUt9 8aad it is relatively ~ ~ c a l l y  b e r t  avrd 

imo3.~&lo, me latter two are desizwb1.e properties in case oS source be-, 

For U s  p C i c u b r  90 curie s o m e  hsS&e the assembly shawn in 

FQ-t.are 1, .%he I B m i n s L ~ 2 ~  Mat ion  zrb the outer surface o$ the c o n n n P ,  

ce3L was 56 mr/h=p. ' A t  %he n o W  .operatifl63, area 8% the control panel about tm 

%?a~ ewooed &I GO nore than rnr/hr, illus'6ratinzg the safew. and ease w i t h  which 

&A& in4x~mitiy radiation eqez%mmt+s cdtnr be COYI~UCW by us- beta soupce8. 

'Ja onbr t o  be t;o de@m%ne %he G-values (number of' molecules 
i. : 

reacting per 1QO ev 02 xadAwtion energy) for obs,erved future radiation m a c t f o ~ s o  

it is xsecesscuy to Islcn? %he radiation dose rate in tha mac.t;or e w e .  Dosfnzg.t;9y 

tm fArst attempted by' %he ~ r ~ c ~ s e  method (L92), ~ e . ,  rsdiation educed o%~t&aon  
L 

a CP SXTOU* *. ferric iops Zp dilute s u ~ u r i c  =%do '1b2a system not YO* 
. .. L 

- 3 -  
. . 

- -~ - 



i n  the mactor due to reaction be-bmen the mtor s t e e l  vallrs errd the ~ L d l c  

solution. beimetqy tes ts  with queoua solutions ai metbylglls blus(*) Use- - .  . 

vise behaved &nonnaUy, likely due to =actor va l l  eff8cta. 

Succaasful dosimetry for  .I;he 90 curie eaurce vas accanpllahed w l t h  - 
the non-aqucpow iodine-heptane system, using procedure@ dsaorlbed in 

CI 

!lbe basis of dose metmuroment is We ;Cormation of free radicals fraso the heptane, 

folluwed by rapid combination of the sadica3.s vith iodine. Zhe taobnique 

the axpx$gd lineax depletion rate(') is ob88rved when the heptme l e  pra- 

purified of traces of reactive comlpounds by a prel- rsacaon wit& 1 W  

in the irradiator reactor u n U  tihe mo18cular iodina ie ccnqletely uaod upo 

Another iodim ~olut ion  ie then rPsas with this radiatioor purltied ht@tam for 

the doelmetry mmmrement. Initial iodins caneenatsane wsre 0.4 mlll.#.gram 

~ per m l  of Snepttrne, Iodine ~011~8ptratiaare were rmmwed w i t h  er c r ~ ~ ~ t a s r  

at 520 m/l  wavelength, where the molar extinction coefficient $or lo8ku, is 859. 

Based on a G-value of 3,4 for iodine molecUlQPs sbsorbdl r ~ p a  IM- 

ation of .tho hepat? s o l ~ b i a n ( ~ ) ,  the f o l l w  dosimeter relatlomhip is 

eaaily derlved, 

rad R = - 1630 x 109 - x &/dt 
hr 

where c is iodine conctmf;ratian in t is exposure tiPao in houra and R 

is the radiation dose raw in rad/hr. 

dose rate within the reactor space equal to 0,98 x 106 ra&/hr,  his is rate - 
of radiation energy dissipated t h m w u t  fhe 100 ml af reactant liquid in tb@ 

-taro I)uring irradSa~lon, mat af th is  liquid l a  in the intewCices be%wem 

the cross-otacked tubulax needlee that contain the radioaative material, 



3.?? 0 x 3 0 ~  e v / b  fPam 90 cuxic?o. 3' tho 309kmetxy I U G # ~ ~ ~  the 

0.9 x loe .oeaa/hr cowrerts t o  4.16 x l@ e v b  absorbed in 100 nil of Liquid 
' 

I 

h a m  s @nsi%y of 0.684. %ms, the milation \t%iUzation oSicietncy for this I 

beta sowcc design i u  4.~6rn.0 02 ~4.78. Sirnib+ ealcuJiaUon8 for garsne 
L I 

eourcsa, for %he useful ikactlon or" rndfa%ion nbsor"qed Po reactor I 
I .  I 

a d ~ m t e  kconmic ac~vasitage ov&:gau~~~& a w c e s  w h ~ &  mwt have CXP, o1cae.r . 
/ -- . . . . _ . , .  .. 

o f  more ~n s~~~ "GWB G 'Any . t i ~ ~ e s  . to 8~ppw tho sirmc w ' e  rmet,tm aeaa, i ;. . 
I .  

~ . i p e ~  fb waftor. ~ a u r c a  d ~ ~ t i o s ~ m b ~ y  xeveii2.ed . tha~ . .  the - .geed.~xs 
. . . . i . . ' ,  

9-nrp even%uUy sum craCl.&g n w  tihe more rigld welded cads, peafd%tiq$ 

A ned beta souTce 5s CWUI* undlor conskxuclian, deal@& Eo, 

bs't;tar ~rl%b%aud the cperatianR3 s ~ c 9 f i c a t i ~ x 3  of wi a% qp t o  m°C. 
This some is mzile by s~mg%ng at&dess steel. tubing over g r r ~ d ~ e c d  atsmatitim- 

Ebe c-'&801 caqpLe"ci~3p ~ q p x b s  the $&An metal  ta23, ag(&mt -on m&r 

pressme b i c h  dght lead %a atraSns and ~ t ~ .  ~ o r m @  leak tea- of 

mock-up eources of c o ~ ~ c d  sf~aged tubes3 aantraiixing non-radiaasttve 'strontium 

titens- proven w-t a o  source deoi- satisfies tibe above speeificauone, 



Solid stmne.Swn ~ t 8 . ~ a %  b the choinicaf. form of .retll08Ctiy8 

mko;xisil . . 'b be wed for %his source because 2.f; I s  &miaaUy .stt!&le 
I ~ at. dwwted Lexigesa-burea B a s ,  the DPgJer c w % i o n  gzoperklw foli. mtq@rtge 

I 

~ i ; i e w  .ma -roved s o w e  geoinet~yt it io expected 5 * LO ~ ~ g a x i @ ~ ~  , 

: 

. . , . .. 
, . 

dose rate 11233, be aveALabLe fil .%he reactor, 

(5&80$ ~9 coal.). !Exis hydropatian seaction i s  o? ,prime ia'ts,rest becahe 

onch convezaion of coalj OT gross dezLva6ives Uke extmb, t-o liquid 3& 

could o p a  ~3 va8.i; new ~1iarkets fox .t;he coal hdm&y, provided an eccmomicallgr 

eaqw&L2dvo p m c e ~ ~  c& be dnat&oped. 3 3  i% could .be & ~ = L T B ~  ?;hat jpadia- 

*Lon v0lal.d pmmbb mgenat iaa  ow3PicieatS.y fox mdiation to zqikce 3 ~ ~ ~ t ; i v d . y  

x&teiL or, dicss~ved t o  ? ~ ! i l i t n ~  pvJrpsmg into %he processing W-8 on&, SF-Y 

p2rurti;a el2siw m.m* tm a ficwd* *pi mmcrm XaUatAm runs ki* coal 
* - \ e:ctxmct in tbe phaoe, t p e a t ~  w i t h  5000 pai of  m g r u r  pressure, 

. in&v bu* conclusively observed that raUMon doe~_not~r.ulu~ &&ogma%i~~~. .. 





Rcn-val of N and S from heavier hy&v-oUs AS essenfM for subceqwni; caUly*ic 
I 

cracking %o lmmr weight gzc;olina fxections. Crackiw cat€%lpts axe easily i 
poisoned by 19 and S. Thw, %he hpiroscjrtniq of c x f b  as derived frh extract 
7 I 

by convm%ioaal catalytic hydxogenwtion w i l l  be Mher imestlepted wit21 %he I .  

n w  source, as a promising ngrpllmt3onr ocP md%ation processing. !these oils, es 

oplposed t;o exkact, w i l l  be radiation-hydrogenatitan processed in tihe vapor @me 
I 

since 4% i~ expected t21er.l; such ra&a.t;%on induced chain reaut;10128 axe more 

o l b  in vaWr phase i s  expected to be mere extetns;lvs tha the observed 

~ l p c n a ~ n g  of e~era~t. p 0 8 ~ 1 b i u . t ~  viu be e d a  thae both fbe hyd*oa 

refixzing (zmm%-wl of M m d  S) and the k y d r o c m c ~  o f  coaJ.---oil~ lower 

moleculm mi@; oils be ombined into a sin@ a- mliatiorr prscess. 

(s) R ~ a ~ i o ~ - I n d u c c d  Zaeation Be- IodLne rssB E e p t m , '  P. Be 
ForsyW, E, 8. Weber and Re E. Schuler, J. Chm. 
a 66-70 (Jm- 19%) 

' J 

m:rpu: 
Attachments : 

Figures 1,2,3 and 4 





. .  . IODIME- HEPTANE DOSIMETRY OF THE 
RADIATION PROCESSING REACTOR 

' 

Dose Rate = - 1630 x lo6 dC Rad 
- - .  . . 

: -. ' - .  . ,  . -  

dt  ( ,,re 1 
.& . .. -1 ,- . 

I. ' . A  
. . 

* ,  - h . . . .  
, . I . _  . . - - e c=  gms./m 1 of ' I in Heptane. - 

t=  Hours. 

. . 

IRRADIATION TIME ( MINUTES) 



EFFECT OF RADIATION ON YEILD O F  

HYDRO-OIL FROM COAL EXTRACT 
- .  . . . . 0.98 MEGARAD /HOUR 

30 
k i t h  



RADIATION INDUCED REDUCTION O F  
. . 

N 8r S I N  -400°C. DISTILLATE FROM 
. . 

- HYDROGENATED COAL EXTRACT 
. . , . . . . . .  -. . . . . 

- ,. . . .  - ? ,y . . - . . < , .  , .  . , .. 
- .  . a '  . .  . . .~ . - .  .. . - s . ~  +.. . a-w ..... r .-,+ . _ - ",. . 

. . 
I . . ..*. : .: ," . . .  . . 

. . . . . . .  . .  , . . . . . . . . . $ ,  . , . . ,  , '. . '  . ; 
- .  , . .  . . . .,. ... . . . . .  . . ." . . HYDRO, RUN R E ACTION . .: - .  

. . . *  
4. . 

CATALYST TEMP. He SATURATED % N  
0 - 

\ 

NONE . 4 2 9 O C .  YES 0:20 0.20 
.: : -  - .- 

0.98 MEGARAD 429°C. , NOT LIKELY 0.14 0.1 1 
. - 

-- - -- 
0.98 MEGARAD 429" C. YES 0.06,0.08 0.06,0.06 

NONE 389OC. YES I .  0.10 
- - 

0.14 

0.98 MEGARAD 389°C. NOT LIKELY 0.06 0.08 

0.98 MEGARAD 38goC.  . , . YES 




