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ABSmACT 

A. labaratory-p1lot plant eorrelat1Te st~ of the coking of three heaTy 

residual oils baa 'been carried out "1th a X:nawles type oil-ooldng O"feD. of 

17 sq. ft. tloar area for the 1>1lot plant operation aad. a crucible, set in 

a heatbg eha:mber, for t:be laboratory unit. 

Pilot plant equ1paent, operation, and reaulte e.Te, desoribed and die­

cusaed. High gade 11118tallm'g1cal. coke •s made coneistentq 1n the pilot 

plant oven. 

A. laboratory coking installation consisting ot a coking unit, e. conden­

ser, and a product accunmlat.ion eysteia was dne1ope4. Operating tem;peratllres 

up to 1550°.r. were 1meetipted in the laboratOZ7 unit '111th Tf1r7 low eter1al 

losses 1n coke, liquid, and gas products. 

lfhen the laboratol:7 coking data for the va:r"1ous temp,rataree were 

extrapolated to th '-.XtlllUII. pilot i,laat c-oldng 'temiPeraturee, Tflr'Y good correla­

tions of liquid, gas, and coke yields and coke dell81t1ea were obtained. 

Caaparisons or the quallt;J' of t.b.e liquid produced f'rom. a g1ven teed stock 

were., in general, 8()0d. 

Ae the temperature of laboratory cold.ng 1s 1ncreaeed, the coke density 

is 1nereased vkile the coke yield is decreased. This is aecompmied b7 au 

increase in Sl,\S yteld am a slight decrease in liquid y1 ld. ft.e quality­

of the liquid :ts not affected noticeab]J by the maxim.um. coking temperature. 
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Interest 1n the prod~tion. <:It h1gh srade metallurgical coke bae grown 

recentq due to pre80tlt and anticipated market oooditiona. High grade metal­

lurgical coke 1s ueed for electrode manufacture (pa.rticularq b7 the aluminum 

imlatr,.), carbon 11<>tor bruhes, crucibles, dr, cells, alaraaivea, and many 

other s1milar applleat1one. At present, the 1I.08t ,r.tde.q used •tb.od or 

pi-o4uetion 18 the caloination of rav or refi.ner7 colte,. 10 '?hie pr<>cNe 1a 

a two-at.ep operat10l1 inTolving the production of raw petrol.em: .oolce by coaaon 

refinery coking methods aDi the cal.c1nat1on ot the rav coke 1n rotating k1lns 

maintained at apprattmaw~ z,ooO,. Moat ot the volatile content ot the 

raw colte 1e dr1Ten ott, leav!.ng almost pure carbon. The chi.et d188d~ 

of this process &re the high •ter1al loaaes and the high Qosts of hand lin.s 

and procesains. 

In 1931, the 'fida.l Bef'in:lng e~ ot Drmm:-isbt, Oklahoma, reported 

on the caamarcia1 production of high grade coke (real density = 1.8) 1n 

a lilovles coking-aven unit.11 Thia -.s eeseutiall.1' a 'be.tch-typ& unit, con­

sisting or a ooimmtiODAl tube-still preheater, a charse qstem.,. a battery 

of 111% howl.es onms, a fractionating cohan, and cok.e-hancJJ1ns equipment. 

The Exiowloe oven, ae described b7 Tidal, had tlcix:xr 41Bma1ons of 10 ft. 

by 30 tt. ·The coke bed ueualq reached an average depth ot 6 to 8 inches. 

This type or ooke bed permitted a higb rate ot heat flux per unit volume 

of c<>D, allowing the 4.r1Ting off of the yolatile tractions o'f the coke and 

the produotion of a high density (high per cent :t'1.xed. carbon) cob. The 

tl.OQl" 1 a1dee, and. arched. root were l1ned v1th alumina or carbarum,a ref'rae­

tary. ho doors at ea.eh flt the lO ft. ends ot the cmm could be raised, 

allowing a h1draulic ram to push the coke :fraa the oven. Beat was 8UP,Pl1ed 

by gas burners at each end ot the oven, each burner being enclosed 1n a 

6 1neh by 8 inch cambuetion tunnel. The11e tunnels led to a common f'l.ue 
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under the center of the oven which carried the combustion gases to a stack. 

The residual oil charge was fed through two openinga at the top of the oven. 

The vapors were taken off tbrougb a ya.par outlet main, quenched with gas 

oil, and fractionated. 

The charge •took (1500 bbla./day) far the Tidal o11-cok:1ns unit vaa 

a blend. of 91.~ topped crude (11.5°A.P.I. gr'avit7) and 8.1~ cracked tar 

(6.5°A.P.I. gr'aTity). The charg& stock vas preheated (8oo°.r.) and f'ed to the 

ovens (floor temperature of' 2350-24oo°r.) in cy-cle far a charge period of 

5 hours, 20 minutes :f'olloved by- a gas-o:f':f' ar dr;r1ng period ot 2 hours. 

The on,n vaa operated under a ,acuum. ot 1/2 to 3/1+ inches of vater. The 

vapor (810-1000°1'.) from the oven waa quenched by cold gas oil and frac­

tionated. The bottom product was gas oil.. The overhead condenser liquid 

product was gasoline distillate. The vet gae was pr:ocessed in a recovery 

plant. PusMng out coke and cleaning up took 40 minutes, cOQleting an 

ove-n cycle of 6 hours. Serious trouble was not encountered v1 th coking in 

the tube-still preheater. However, serious trouble with carbon-black forma­

tion and coking in the vapar s7•tem vas encountered.. Thie m.y have been 

air l8aJr:ase into the oven. 

The f'oll.ov1ng tables contain acme typical product yields and ana~ees 

f'rom. Tidal' e unit: 

Overall Yield ~wt.1) 
Gasoline (44.o&j,.P.f. ......... 7 .93 
Oas oil (20.9°A.P.I.) ----- 55.02 
Cea (1.0 sp;- sr'·) -------- 16.93 
Colee --------------.. -.-·--·---- 16. 72 
Loes --------------~------- 0.70 Total-~~----------------- 100.00 

Coke Ane.~ia 
Sp. gr., appareix----• 1.2 
Sp. Sl"•, true-------- 1.8 
Moisture,~---------- o.6 
:Pixed carbon,~•----- 9'f..8-
Aeh, ~ --------------- 1.8 
Volatile, i ----·----- 2.8 



In 1933, the Atlantic Befining C~ reported on a cOIIJDl&roial Knowles 

coting unit.7 Information was limited to specific operating and cost dat& • . 
Th plant bad a capacity- of 6,000 bbl.s./day ot residual oil charge .. Opera­

t1on was similar to that of the '?id.al un1t. This report noted a correlation 

b tween carbon residue values ot -charging stocks and yielde of coke. 

In 1937, the Lubr1te Itetining O<>Jll,'l)&ey' reported. on a lll0d1f'1.eat1on of 

previous l'novlee units 1n that a f'l.181 oil reduction unit was used. 2 Thermal 

cracked tar ( 10-12°.A.P. I.) was fed to a bubble tower after preheating to 

a high tem.perature. The light ends ot the hot tar flashed ott and were 

remat'ed. overhead. The bottoms ( 1-2°A.P. I. ) were f'ecl to tour Inowl&s ovens 

operating in cycle. An operating cycle of 6 hours consisted of a charging 

time of l. 75 hours, a dry1ng time of 3 hours, and a coke removal and door 

eeallng ti• ot 1.25 hours. 

The~ commercial.q euccesa:rul continuous cok:1ng process ts the d.elayed­

cok1ng proces • 6 l>ue to the relative~ lov coking temperature and large 

vol'U1118 of coke, this process produces a coke ot high volatile content (raw 

coke) unsu1 table tar direct use as high grade metallurgical coke. The 

rea1dual oil is heated to about 910°F. and charged to a coking dna where 

the eoke is depoe1 ted by contained heat. ·The hot vapors (7800.,. ) are remoTed. 

to a f're.ctionating ey-stem.. Three coking drums operate 1n o-ycle to provide 

for for continuous operation. Coke produced b;r the delayed-coking process 

can be converted to high-density eoke by calciaation. 

In 19'+4, Berry" and ~-Jolmatone reported on au investigation 

of the effect of temperature and t1m upon petrolel1111. coking. 4 Besulte of 

this 1nvest1gat1on indicated that the coking process could be regarded as 

taking pl.ace in four eta.gee, corresponding to the production of pitch, semi-

pitch, aephalt1c coke, and ce.rboid coke. Petroleum coke waa defined as 

a diapers system of gra.phite-lllte crysta.U1tes of pure carbon em.bedded 1n 
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an organic atri:.t. Colee pt"oduced by cracking and. by external coking llOits 

( delayed-coking) ,re.s conaidered to be ch1efq asphaltie coke. Coke :irodueed 

by batch coking 1n ICnovlea ovens was considered to be almost entirel.3 ear ... 

bo1d coke. Carboid coke has a greyer color, a greater tJtrength, and lover 

volat.1la content than e.sphaltic coke. The f'our stages. of cold.Dg were found 

to be dependent upon temperature and thle. 1fh quantity and quaUt7 of ee>ke 

prod:uoed -.s also sbovn to @pend ~ these T&riables. 

In 1945, Be'lT,1 and 'Edgeworth-Johnstone r ported on the production of 

com.pact nonporous colm· by sub.JeQ'ting mixture• ot pu1.,.-1zec1. coke and residuum 

or cracked asphalt to seoondar7 coking.5 J'or the p-cduction of' strong non­

porous coke ,mder oond1t1ons of' rapid heating, two requirements were found 

necessary. The volatile content of the pri1D1!1.?7' eolte should not exceed 7'/t, 

and the oaloulllted volatile content of' the mixture ot coke and binder should 

not exceecl ~-

In 1949, Godfrey L. Cabot, Inc., of' Boston, Massachusetts, and the 

Deep Rock 011 Corporation o'f Tulsa, OklahQlll., oa:t"ried. out a Joint pilot 

plant investigation to determine if' the broad oven coking proceas could pro­

duce econom.1ca~ from residual oils a 11BX1mm. amount of high grade eolte and, 

ae by-products, gas, gaeoliDe, and a stock s'U1table for cata]¥t1c cracldng. 1 

The pilot plaut was constructed and operated at Deep Rock ' a Cuahing, Okl&hana, 

refinery and va.s known as the ODB pilot plant. 

fte present laborator,- ,ace.le 1nTestisat1on we.a undertaken to attempt 

to carrelt\te the Clll pilot plant results w1 th laboratory- bench scale data 

and thus poss1b]J" permit the prediction of large scale operating results with 

8ll;J' charge atook :f'ran laborato?7 tests on such charge stocks. The laboratory 

atud1' consisted, f':tret, of the defflopment of suitable equipment, second, 

the carrying out of' batch cok:1ng operations under various conditions, amt., 

third, the e.na],1'sis of the products produced.. 



A. Pilot Plant. 

1. Vie-breaker tar. Thie heaT.Y residml oil •a the bottOIIS 

stream. of a rtscosity-brealdng unit. only one batch ot this tar was used 

in t.b.e pilot plant. The Conradaon carbon residue as determ1.ned 1n tho Deep 

Rock laborator,r -.s 15. '3'/,. 

6 

2. hep Book therml tar. This teed stock was the bottoms tJtre8a 

of a Dttbbs thermal ore.eking unit and vu produoecl by the Deep Bock ref'iM17 

at Cushing, Oklahoma. Different batches O't this tar were used 4.uring the 

course of the pilot plant operation. This acc01n1ts for aome variation in 

the analyees. The Conradeon carbon varied t'rom J3.5 to :IA.~. 

3. Deep Rock rlrgin aephalt. 'l'his feed stock was the bottoms stream 

of a 'faCUUDI. tractionator and •• produced by the Deep Book refiner,'. SeT-

eral different be.tcme o~ this tar were ued cluriDB the cOUl"se of the pilot 

plant operation. Thia aa,.1n accounts far some variation 1n the anaqsee. 

'l'he Couradson carbon "8ried from 18.5 to 21.~. 

Table I gives cotQlete feed stock tabulations. 

B. Laboratory-. 

1. Tis-breaker tar. fJ.'b.1.a tar vas identical with that used 1n 

the pilot plant operation. Xt was secured directq from the pilot plant 

storase tank. 'fhe Conrad.eon carbon value W&s cheeked and found to be 

15.4~. 

2. Jleep Book thermal tar. Thia feed. stock was not identical 

with that used 1n the p11ot plant operatlon aa it was obtainec1 from. the Dubbs 

cracking unit B&Ter&l weelm af'ter pilot plant operation had ceaMd.. The 

Conrad.8on carbon T&lue was 16.~. BoweTer, the graTity, eulphur, ash., rtacoa1t7, 
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and. cbaracter1zat1on f'actor can be assUlllltd to be reaaonabl_r close t.o the pilot 

plant stock. 

3. Deep Bock virgin asphal.t. Thie etoclc waa again not 1clent1cal 

with the eq_uivalent 1n the pilot plant operation. lloveTer, the Conrad.eon 

carbon value was found to be 19.~. This checkecl v1tb.1n the re.nae ot ftluea 

given tor the pilot plant stock. !'he- graT1ty, sulphur, ash, and rlacoeity­

oan also be as81Jlll94 to be Tf1r'1' close to the valuea tor ti. correaponding 

pilot Jl.ant stock. 



. CBB PDJ:1f PIAl'l' 

A. lqu1pment. The plant cons1etecl of a feed. storage, preheat, and 

charge system. which could handle heavy residual oils, a p1l.ot plant broad 

oven of the Knowles-type de1111gn (17 sq. f't. floor area}, a reflux tower, 

a condenser, tanks to collect liq\lid products, and neceeS8J:7 auxiliaries 

(•tors, instruments, etc.). Figure 1 giTee a tlov d1agraa of the pilot 

plant. 

8 

1.. Feed storage and charge tan1t. The feed atorage consisted of 

three 40-be.:rrel tanks, each equipped with bayonet-type ates.a heaters. Stea.a 

traced, movable feed 11.nea connected. the star-age tanks to the charge tank 

which w.s proTid.ed vith a steem coil. Stee:m. at 125 pollDde was used tor heat­

ing throughout the plant. 

2. Feed ayetem.. The feed system comprised, 1n addition to the 

charge tank, a 10 Qllll rotary pump and a gas fired coil-type preheater. 

All transfer lines were at.ee.111 traced and insulated. 011 entered the onn 

thrO'Q8b. tvo 1/4 1nch Rauclc J1:oear discharge-type Talvee. The feed. line 

preaa-.ire was controllsd by a valve in the recycle lln&. 

J. Oven. 'l'he oven conaiated of four gas tired fluea connected. 

to an exhaust eta.ck and a ,coking chamber d.1rectl.1' abaY'e the flm• which 

connected to a condenaing system. Bach of the nues was prOT'idecl w1 th a 

530,000 B.t.u./ hr. natural gas burner. The colcing chamber and combustion 

flues were lined w1.th carborund:ma brick. The two oil inlet ports were 

110UJ1ted d1agonall.r opposite ea.ch other 1n the a.rch of the coking ebaaber. 

The chaal>er was }U'OTided with two aorta.r-filled steel d.oors vith cab1e winches 

~or lifting. The top of the cold.ns chamber staelc vae fitted with a hea'VJ" 

e.1101' -.chine-fitted cap which vae opened and closed by a lefltr and chain 

system. 
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4. Rain condenser. '?he me.in condenser, Tertical,. vae 18 inches 

in diameter and conta1ned sixteen perforated battle plates spaced at appron­

•tel:r 1 toot. Betlux cormect1ona were provided in tl:le top or the oQDdenser 

to prOYide ,rash tor the plates. A llqllid level con~ol valve in the bottom 

of the condenaer regulated the :tlow ot llqllid to the product ace:maulator 

tank. A small vater coil was also installed in the top of the condenser. 

5. After condenser. The after condenser conaisted of a short 

section ot 6 inch :,ipe containing a 3/8 inch p1:,e •ter coil. 1'he bottoa 

of this condenaer widened to pro'Yide apprmim.te]J' 10 gallons 8'tcrage ea:pa­

cit7. An entra1.ment ae)l8J:"ator consisting or a length of 6 1neh pipe con­

ta!n1ng small pebble• toll.oiled the a:f'ter condenser. 

6. Betlm: s7stea. A 10 gpm rote.r.r pum;p vas provided for retl.ux­

ing light 011 through a cool.er and. up to the top of the 111B,in condenser. 

A 8Dl1ll amount of light oil •s sent also into the TS.par main to quench the 

hot coking vapors. '!'he cooler cons1ated of one twin "er fin section 

(130 sq. :rt.). 'l'he oil. pa.seed through. the annvJar or tinned section vhile 

wter we.s used e.s the cooling med.ima. ho tank.a were uaed for the accumu­

lation ot the liquid product. 

7. Preseure control syatea. The non-condenaable gases were mea.aured 

b;r an orifie.e and were exhausted by a 2 inch steaa eJeotor. The eJaotar 

was ueed for the saf'a disposal ot the gas. A gate valv-e was located. between 

the ar1t1ce and ejector and was fitted with an extension handle. It aened 

as a preesure control. for the system. 

8. Colte handling. A hand coke Ja}ler· was prortded for remortng 

the coke :t"roa the oven. A coke ceJ:"t vae constructed so as to fit Ul'lder 

the lip of the oven to catch the coke aa 1t fell. A hose vas :prortded for 

quenohin8 the coke with water. 
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9.. Tel(pere;ture mee.lJUNID&nts. Most of the tem,}lera.ture asurement• 

were mde Yi th chranel-a.l~l therraoeouple .. lUgb.er tem;pera.tures were 

meaaured by a Leed.a and. BartbrlJl) optical p3rOl&ter. 

13. Ope.rat.ion. A run consisted of a. charging period, a de-gassing 

peri.od, and a ca.lcin:1.ng period.. 'fhe oven was first brought to a floor tem­

perature of 15000,. The oil charge as preheated. to 550°:fr. :by- circula.t.ion 

through the prebeater, the charging loop and back to the charge tank. The 

two O'l&n doors were l.owe1'led. into pl.Ace and sealed with asbestos. rope and 

fire clay. 

After P,re}Jarat1on or the condensing system, the charging period. was 

started by opening the ob&rging vaJ:vea and regulating the :feed Une preseure. 

J'or about 5 to 10 minutes the coking va.ixrs were allowed to pa.ea out the 

open oven atack. When ce:rbon· black dieapJea:red. t.rom the AlOke 1esu1ng frQIII. 

the stack, the eta.ek damper 'llfl.8 tlhut, and circulation of ref'lm: was started. 

T'he presaure on the a,-etem was regulated mamm]JJ to set a snall plume of 

smoke fr<m a l/4 inch hole 1n the cap of one ot the oven peep-a1ghta. Oil 

we.a eha.raed at the deaired rate ,mtil. the entire charging period was COIi!.• 

plated .. 

At th& eloee of the charge period the oven. inlst. 'f'8.lves were elosed 

am the :preheater shut off. De-gaesing then took plaee for 0.5 to 1.5 hours. 

When the sas production was pra.ctical.JJ com,pl.eted, the cond.enaing system. 

was shut down, and the oven ataek damper was opened. The coke ¥88 then 

calcinecl at the deaired tempn.•atm:oe a.no. the run terainated. 

C. Sampling and testing. The coke pulled. trOll the oven 118.B wate.r­

quenched, dried, al1d weighed. A representatin •JQl.e of the coke was teated 

b7 both tbe Cabot. and Deep Bock laborat<riea tar real dena1t7 bT a lceroeen& 

bl!M)reion method. · 



Whe Uq'llid colleete& in the :aectUD.Ulat!ns tanks was gaged. Spot and 

co1o:901d.tc liquid samples were. taken d'tl'd.ng each run. A.P.:t. gt"avity measure­

ments. rmd A.s.T .a. M~1Uations on liquid aea,plea ·'11'8.r& ma.de by the Deep 

Rook Iallorato:ey.. file A.S.'f.Ji. d.istille.tion data ·,tare reported as:. I ... ~.P. 

to :4oo0,. (ga.C!olin&}', 400°.F .. to orae~ {gas oil), and residue (:recJ"cle stock)_., 

l{em.pel U•tillatias to obtain the 400°F.. ~l. gasoline fraction ,were 

'li'Jade on several selected :runs .. 

1-)ot .gas. aaJQlea wer~ taken in arms tv water displacement. '!l1B eJChaust 

t~ture o'£ the gas as al>out 90 to 100°F. flle ps was D.Ot1cea.bq wet. 

·COIUPlew P~iel$1.ak ~- were m&\e on fom- spot sampl.es for ea.ch. or 
fiff runs. 8l)&c1f1c gravities. were calculated from Podbieluiak amtl,yees. 
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'A. Equipment... !he laboratory coking insta.llat:ton consisted of a cok­

ing um.t, a cond..enser., a liquid product receiver, a gas meter, a gas receiver, 

and a gas sampling system.. 

lfhe. coking unit consisted of a Skidmore eruci'ble (Fisher No. 8-190, 

18o ml.. oapae.ity) set in a mild eteel, open top cylindrical heating chamber. 

A Jo. 3 vide ... form Coors porcelain crucible conta.:tning the re$idlJt3.l oil charge 

was set in th$ Skidmore crucible. ·The· Skidmore crucible was constructed 

of shee't iron> and its ewer we.a constructed of east iron. A yoke an.d. thtimb 

screw el.amped the eover to the crucible. The factory-fabricated cruoibl.e, 

vhen. fitted with a.a asbe&tos ga.aket, developed s~rioua coking vapor le-a,ke. 

Tlw eover -.e thenmach:tned, but., again, when fitted with either aeeestos 

or eop:per ga;Jkets:, the crucible deve:lo:pei serious l.eaks. A tight metal-to­

m.etal seal •e obtained by grinding the cover and crucible together with 

a m:bttu:re ef glycerine s.nd eu111tr:y powder. this stopped vapor leaks :for short 

periods of. t:tme. Warping of the crucible due to thermal e~ion, however, 

aoon es.used ba.d leaks to recur. When the cover was spring loaded f'rom the 

yoke wdth a. apring 1/2 inch in diameter and l inch long, warping and ~riou.s 

vapor lee.kasge were greatly rei.ueed. A new spring vas used. for ea.ch run. 

1lhe vapor line consisted of a 2 inch length of 1/4 inch Olltside diameter 

and 3/16 inch inside diameter brass tubing brazed to a 2 l./2 inch length 

of copper tubing of aimilat- outside and irud.de diameters. This vapor line 

eonnectet the eoking crucible t.o the eondew:;:ier tube by means of a flare fit­

ting vh1oh s.crewel1 to a reducer fitting (1/4 ineh tubins to l/2 inch pipe) • 

The heating eluunber consisted. of a short section of a 3 in.oh sta.nda.rd 

pipe coupling with a c:trcul.ar' section of 1/4 inch steel plate welded to the 

bottom to form a e;rlindriool eru.eible. The 'bottom of the chamber wa.a covered 

with ,approximate~ 3/8 :lneh of fine sand-. '?he oh.amber was .insul.ated with 
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a 1/2 inch layer or asbestos cement • 

. A 20 gage c:bromel...alum.e1 thermocouple extended throush e, 3/16 inch 

irUled opening in the side of the elJam:'ber Jue~ above th• ea.no. layer to 

with!.n ali>out l/8 inch of tk& celd.ns cruc1bl.e. A Bosk1ns pyrometer was used 

to 1tid1eate thft te~rature. ~e thenweouple .. :nrometer combination was 

ealibra:te4 as a unit against a standard thermocouple., itself' prev1ouslzy­

eaU'brated at se-v&ral fixed peints. 

~. entire eoldng unit ,ras surrounded bJ" a thin gage, sheet steel., 

c7Ua41"1cal section 6 ;/8 inehes 1n die.meter and 9 inches high. The bottom 

end of' thi·s was eom.pleteq open while the other end had a hole 3 l./2 inches 

1n dS.&11Efter which served&$ a ehimney to vent the burner .g8.$&e·. Appropriate 

elots -were eut 1n the s:ttle .of the· 071:t:nder allowing it to be placed a.round 

the ·Coldag unite. With the eldeld, there waa e. material reduction 1n radiation 

l!he· aeating chamber -.a supported by two ring stand SQports and a 

refraetory ring of the tlimbn$1ons speeif'ied :tn the Conrad.son ,carbon residue 

test,. A.S.T.K .... » 189-4,6} ._t ·was suwlied by tl:lree natural f!P.$ burners, 

two Fisher wo. 3 ... 900 and one Y1sher lo •. 3-902, each having approximate~ 

7,500 :a.t.u./hr. output .. 

The ~r "8,S of the oonventicmal A.S.~.M. distillation type. 

(B 158,Jl.l) .3 :rt was oqu:t.pped vith c1reula:t1ns cooling water and a steam 

.lee.ting eo11 eonstructea. fr• coner tubing. 

fh• U.quid -p-oduct receiver eona1,art~ of a »erzelius beaker (100 ml., 

capa.-cit;r) eomected to th& eondeuser tube by ·means of e. l'o. 10 rubber 

stom,er. A thermometer extelldetl through the stopper into the vapor space. 

lbiblJ&r tsublng aa:t. sl.au fittinp eonn.eoted the 11q.\11d receiver to e. p.ree1sion 

wt test meter equipped with ,a thermometer and manometer ind.icat1ns the system 



pressure.. The ~er sealing liquid was d:tst:llled water sat:urated v.tth ga.a 

from e,everal prelimf.na.ry ·runs. :Rubber and glass t:ubing .flom10oted t.h& 't/f0t 

test meter ·to tve Florence fl.a.ska, ea.eh having a. 6000 ml.. ca.paeity-, yhich 

served. a~ (!fJ,S holder1:J., the gas diaplaoing a saturated solution oT NaSl. in 

water... A thermometer extended into one of the gas holders. 

Re~tion of the pressure on tha m.ystem:waa accomplished 'by a glass 

•and rttbber tub1t.ig siphon, the d1aelw.rge end of' wh.1eh was submerged in an 

over:f'low we.1r of va:ri.ablo elevation,. ilf'hie va.riable level overflow w:tr oon-

e:Leted simply of an Erlenmeyer ~etioo flask {250 ml .. oapacity} connected 

·by a clamp to a ring st&J.d su.:pport. ·'l!lw Erle~ flask could 'be raised 

meter. 

'rbe ~Ii! gravlt;r ~ing apparatua oons:tsted of a l)Fex. f!11S balloon 

(208 .• 5 ml.,. capacity) 1rhich va.s connected. to the gas holders by a silica 

gel. dryit.1g v-t1100., rubber tubing, and .glass :fittings. Eve.cv . .a:tion. of the 

ga.D 'balloon to ab.out l 1ml1:. merem,- absolute pressure :pll'ior to ~ling was 

aeaom;pllshed. b;r a, l(v ... va.o ~ .. 

F~ 2 shows tho details of ·the coking unit. A :f.'lw diagram of the 

entiro coking installation 1.s gi'\!'en in Figure 3 ~ 

Figure 4a is a. photograph of the cokins m.dt a.seem.bled., while Figure 

4b ehowe the coking unit disassembled.. Figure 5 is a photograph of the entire 

la'bora:tor,- cold.Ilg :t.nsta.lhition:. Figure 6 is a. photograph of' the coking unit 

( Bb.iel.dad.), tlw con.denser, and the liquid receiver. 

:a. Operation,. Solids ana. liquids were weighed on. an anal3tical bala:nce 

to.:1:2.5 mg.. Qa,s volumeiil were ·rea& d:treotq from the precision vet test mater. 
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A standard type o:f run was developed from the results of the preliminary 

r'l.'lllS, (l ... ll). It ·Consisted o:f ia !)l"'eheating period, a coking period, and 

a blaating period. 

A 50-gram sa'l'.IIj?le of the residual. oil. was 1151ghed in a No. 3 wide-form. 

poreela:tn crucible, whi.ch was then placed in the Sk:idmoro coking crnciblo. 
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'The coking crucible cover was fitted in place and spring loaded. ·The vapo,: 

line was connected to the corulenser tu.be. T'..ne Fisher gas burners 'W'01'"e lighted 

and the Qold.ng crucible Jreheated. Meanwhile, water was circulated through 

the condenser, the gas holders f~lled with salt water, a.nd the :pressure 

control. siphon system manipulated to givo a pressure within the ra:t1ge of 

atmospheric to 0.2 inch lWcl,Wr vacutm1 at the gas meter. 

:l'he appearance of the first drop of liquid cond.en$a."te in. the liquid 

receiver s:ism,fied the beginning of' the coking period. !he pressure was 

closely maintained as the liquid and gas make :proceeded.. 'fb€J f!Jil/3 burners 

were so regulated. aa to allow the :proper eoking t:im.o and ten:q,erature (see 

below). 

When the .liquid. -ma.lee -was prsct:tool)J completed, the blasting period 

-was started and tl'le coke bl&stoo. to the d.esired ma:x:imum tem;pera:ture. Thi~ 

t~tt1re 1,1as then ma1ntained mtil the gas make was completed., e:t; vhich 

time the gas burn.ere were shut off. 

The· condenser water e1reula.t1on we.a shut off, am the steam heating 

coil w&s· turned on.. 'l'h@ condenser water was allowod to boil for approxi­

:i;natel;r 10 min.utea te i.naure that viseous liquid drained com:i>letely f'l ... om 

the condenser tu.be9 

The eoke and liquid were wighe.d. and stored in $ealed glass fl.asks. 

A sa,e sa~le vaa taken and weighed to determine :tts epec1f'ic. gravity. 

:The stanila.rd runs for the vis-breaker tar and .Deep Roek therrre,l 

·tar· eon.sisted of l/2 hol.111" preheating to lOOO°F., l/2 hour cold.ng at 
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1000 to 1200°!'., and. l hour blasting. 

'.Due to frotb.irl.g, tho Deep Bock virgin asphalt was coked directly in 

the Ski~ oruoible. A 50-gt>am sample was 1.1.scd. One run ws made using 

a 20-sram sa:mple in a poreelain crucible. IWo significant difference 1n 

product distribution wa-e noted. The Stan.de.rd run -for virgin asphalt con­

sisted of' 1/3 hour preheating to 900°F. , l/2 hour coking at 900 to 88oo.F., 

l/2 hour coking at 900 to 1200°F., and l hour blasting. 

All runs ,iere m.ade with max.imtm1 cold.ns temperatures of l.200°.F .. , 1350°.F., 

and l.520 to 1550°F. 

1. l'eed stocks. !he Conrad.son carbon residue value 'Was deter .. 

mined far: each of the f'eed. stocks as described in .A.S.T.M.-D 189-46.3 

2. Coke. The real density of the coke was determined by a Cabot 

kerosene inuersion method. The coke sam;ple was crushed to :pass e. 100 mesh 

screen, dried 1n a ventilated oven for at leaat l hour at 1050c. and cooled 

1n an ordinary desiccator. 

Kerosene of kllcnm. specific gravity at a definite temperature is required 

for this test. A 25 ml •. pycnometer was veigl!led, filled w.itb. distilled water 

and weigbed., dried and then filled with kerosene and weigb.ed. .All operations 

were carr1ed out at 25°a. The speoifie gravity o:r the kerosene was calculated 

by the following eqW3.tiom 

Speoif1e gravity of kerosene=: - a 
. - a 

where a:: weisn,t of enq,ty pyonometer. 
b = weight of pyenometer and d:tet11led water. 
e; weight 0£ pyenometer and kerosene. 

For the coke deneit;y determination, a.bout 2 grams of the pulverized 

eoke wae weisb.ed. in the p;yenometer. The pycnometer waa then about half­

filled with the standardized kerosene. The pycnometer was placed. in a 

pyrex vacuum desiecator for l hour under a "Ta.cu.um of about 715 nm. of mercury 



rels.ttva to about 740 llmt• of m.er~ barometer read.1ns.. 'When a.!r bubbles 

were ine longer apparent, the vaeU'lll!l was released.. ifhe. wonometer was filled 

with kerosene and ooolod sllgb.tl;r below- 25oe. The th&~ter was insert~ .. 

fte pyenometer wae ~ alotirli.v to 25°c .. , eapped and ~~- The real 

.dendty was es.loulated b7 tbs followlng equ,g,t1ont 

e .... a 
Beal density : ----------- {2) 

.... . d .. C 
l) .. a- · ·· ·· tkl · · ap.,.gr. c,.· · ieroaena 

'Wh&N e : we1gb.t of pyenometer a.nil com. 
d :: weigbt of wcnan.eter, ooke, am kerosene·. 

3,. U.qu.id.. A.P .. :t. gravity meaem;r-emente w&re made as descrlbed 

m A.S .. 1" .. &·Jl 267...:39.3 A.S .• T • .M. distillations were ms.de as de.sor1bed in 

A.s.!.R.""1 1,S.JJ;13 nth ·OU0 trl.Odttleation: 5()-ml .. samples V,e:r& used instead. 

o-£ 200-mL samples. ~ A.S.T' .• M. 41«t1llat1on data. were divided into three 

»orttone, l.B.P. t& 4000:r., 4009'. to craoldns, and res!d-. Com;plets Ma­

t1llat1ott aata are presented 1n hole m .. 

4. Ela$ .• '-'ho pa was eoUeeted at am,ron•te~ 70 ,to 750, .. and 

a.p~ to be· very dry. 'fhe. speett1e sravit7 vas d.et'Gmined by a. ps ba.lloon 

e~lon method as foUomu 

A ealibr&ted. glass ballQon. at 1mown oa:pac:1ty (2o8~5 ml..) equipped with 

a eap11.lar7 ttibe .and ,sretmd aJaas etope-ock -.s evacuated to. about l a., 

taerel>X7 absolute }r:el11!lt11l'D 1>7. a Jitr•V'oo air.~ am weighed.. ·The sas samplins 
:system a:nd e1llca. gel drying tube wre ]11.lrgacl by allotting the ·gas ba.lloon 

to f1:U Yi'tb .sae from 1me ps. holders. !be ep.s 'balloon was a.gain eva.e1l8.ted 

and fillei with a fresh gas -ssm;ple. The· b8rom.etrie pressure .SJ.ld gas 11.older 

tem,Jerature were recardei... fh:e filled gp.s b.a.Uoon was weigaed and the s,e­

e1tie gravi:ty calculated by equations (3) to ( 8). :(See AppendiX) • 



A~ Pilot Plant. Forty-eight pilot plant rune yielding material bal ... 

ancea, product qualities, and operational data were made. Table I preeente 

the beet prooees data. a:va:tl.able from the CDB pilot plant while it •s oper .. 

sting near maxi11l'tml ea.pa.city to produce maximum liquid recovery a.nd high 

density ·coke from vie-breaker tar, thermal tar, and virgin asphalt. 

B,. Laboratory. Eighteen ,standard la.boratory runs were mM.e, six on 

each .of the three feed stocka. Duplicate runs were made at eaah of three 

:ma.nm.um coking temperature.a, and the liquid and coke samples were mixed for 

tests. !i!tteri.al lla.lances, product qualities, and operational data of these 

standard run.a •are presented in Table n. Table m gives the complete A.S .. T.M. 

distillation da:ta or the liquid products. 

Prel:l:minary runs were ma.de to see:ure operating cha.racteristiee and to 

permit the setting up of a standard coking procedure. These were rUtUJ 

l.-11, 13, and 15 on via-breaker tar, runs 20-21 on thermal tar, and runs 

28-31 on virgin asphalt. The results of these preliminary runs are not 

reported. 

lfhe produet distributions were oonvert.d to a loas-free basis by a 

method described in the Appendix. A sample laboratory run sheet and sample 

ca.loulatione are also given in the Append.ix. 

i'ypieal A .. S,.1'.M. distillation curves of laboratory and pilot pl.ant 

liquid products from all tl:!re(i charge stocks ere given 1n Figares 7, 8, 

and 9 .. 

. Laboratory coke y1e.lds from all three stocks are shOWll as a fune.tion 

.of maximum. coking temperature in Figura 10. Similar yield plot.a for gae 

and liquid are given in Figures 11 and 12. 

The r~al d.ensi ty .of the coke produced in the laboratory as a function 

of IOOJtimmtt coking temperature ls shown in Figure 13. 



DISCUSSION 

A. Pilot Plant. High. gi:,acle IDf)ta.llurgica.l colte was made cor..sistently 

in the pilot :plant o~en. The coke yield f'oJl a {31ven feed stock was found 

to be approxi:mately eqUB.l to the Conrad.son carbon residue value of the stock. 

Qarbon black :fornia,tion 1n pre-vious Knowles coking v.n!ts had been e.. serious 

l)l.'oblem. Howevei·., by operating the pilot pl.ant oven at a proper :initial 

:floor temperature and by mainta1ning a positive pressure on the oven to pre­

vent air leakage into tho oven, this problem. was elind.na:t;ed.. At an initial 

oven floor tempera.t1.u-e of 1500°F. or lower., the forms.tion of earbon black 

at the start of a run neeezeiitated only a 5 to 10 minute purg-log period. 

Oarbon black formation was quite serious with initial floo;e tel!lperatures 

above 1500°.F.; at 1800°F., the system was .rendered inoperable. 

Tho most serious operational d.iff:tcillty encountered in. the pilot :plant 

operation was that of oven door leaks. These leaka accounted. f'or soma of 

the higb lossea. 

same trouble was caused by tar frothing into tho vapor line., but proper 

feed che.rging procedure remedied t.his. The only effective pilot plant con ... 

trolJli ,were the initial oven floor tem.perati!.l:"0 e,nd the rate of oil feed to 

the oven. Variation of hoo:t output of the oven ga~ biu:-nera had little e.ffect 

on the coking process due to tho high heat content of the oven refractory. 

!rable I indicated losses. o.f 4 to 7% of the ob.m'ge for the pilot plant 

process .. These losses were :PI"Obabq doo ma.inly to door leaks, floor leak$ 

and vapor p'tlr'ging at the start of a run, and vapor losses during calcination. 

B. Iaboratocy.. Tho hishcst tenr.perature attained. in the laborato1"y cok­

:tng unit was 1550°.r. The coking temperature was controlled effectively by 

regulation of the gas and air ports of the burners. liigher temperatures 

in the coking- ti.nit would have been (leairable during the bla.sting operation, 

as high density coke must be produced at temperatures high.or than 1550°.F .. 



However, th.a coking unit, atJ designed, vas not suited mechanica.ll;; i"o~ ma.xi ... 

mm to~1"'atto:"es very much higher than 1500~. At 1500'11'. , the iron cokiI1;3 

.crucibl® scaled badl;r doo to ox1da.tion. Warping of' thf} crucible rim duo to 

the?'nlal strains waa also evident. This had a, tendency to ea.use serious vapor 

le~~ Vapor leaks were stopped quito eff'ectively, however, "by machin:lne 

and gt'.'inding the crucible and crucible cover to a t-1ght matal-to...ni.et..al seal 

and by spring loading of th@ cover from the yoke, as described prev-iou.sly. 

Asbestos gaskets. (plain ol!' im;j;)regnated 'Wi'bh water glas3) and copper easkeYbs 

ver~ not effective in prevent:b:ig va]lor leakfl. 

~he 'Vapor line vithstood tho operating eo:Pilitions very treU. However, 

ta. vapOl" lln~ of larger cross-eeotional area would. have been more desirable~ 

During the first portion of' the actual. cok:ln{s :period, tho volume of coking 

vapor PJ.•od.ueed was extremely large.. 'fhe Gm,ll 1,rapor lino definitely oauaed 

a fairly nigh baek :presstiro to develop :tn tho coldng crucible. 'fhia pressure 

had a tendency to a:ppreeiabl,y increaee val)Or leaks during the initial coldl)8 

perioi. Cold.ng or !)O~rizat1on of coking va:po.rs in tho vapor Uno or 

condenser tube was never observed. 

Wl:d.lo operat:tng with vis-breaker tar· and t~,l tar, trouble was not 

encountered with trothing of the tar into the va.poz· line and oondeneer tube 11 

resa,rdlesB of the severity ot· tho cracking conditions. However, when v·ir­

gin as.Ph.alt was being coked, the problem. oi' frothing and subsequent pli1gg1ng 

of the w.por .line was serious. Eviden-tly, this trothing -was caused by the 

more rapid cracking cf v!!>gin Q,sphal.t, as this stock :ts very susceptibki to 

thermal cracking, ha:vi:ng never been }?l"eviously subjected. to any cracking 

condi tiona. lfhe rapid~ evolved. ooking va:por probab13' caused tho liquid 

aspha.lt to become v:i.ol.entl.¥ agitated. This ca.used froth to be generated .. 

By earry!ns o-um tho ma,jo:r cokhlg portion. of tho rim at a lower t~ratm·e 

(88o°:rf .... 9oo°F.), this problem was ol:i.minated.. Also., this asphalt ·uas coked 
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in thei iron Skid:m.ore c?'UOible to allow more volume. When the liquid proclu.c ... 

tion wa.e practioa~ eom;pleto:d, it was sato to begin raising the eoldn.g tem­

perature gradi,ally to l.200°.F. ·and then to blast to tha desired ma,xtmum 

~ature. 

fte plugg!ng <4 the vapor line due to tar :t.rotb.1.ng ca.u be very da~rons, 

'Sinoe the hea:t cGntent of the heating eham'ber can ca.use the coking to con­

tinue f'or a. few miwt.es after the bttr:'ners are shut off. RO'Wffel", the spring­

loaded yoke a:nd eruoible co~ will all.cm' the c.oking vapors to be 111Qd.1a.tely 

vented. to ·the air a.nd thus prevent high pressures from. building u:p. h the 

eok1ll8 orueible, although a slight :fire haza1~d doss thereby' exist. Due to 

th& obvious ha.za.rds of' meoha.niool faillil'."'o caused by excessive pressure, 

ee]d;ng crucible lids wh:1oh eJ.'~ fastened eolldlw with tl-,readed comeeti:ens 

or bol.ts are rmt ree~nded •. 

The conventional A.S .f.L distillation condenser aqU:i:pped with the· 

Stea.Yi heating teoil prOV"ed very aat1af'a.ctat"y. All liquid d:rained eompleteq 

into the liquid. reee:i.ver. ·~ non. .. aond.eneable (!!P.s from the liquid receiver 

e.Jpee.red to b$ vwy dr;y', aa drop1 of condensate were never observed in any 

portion of the gas reec,v.ery system. 

The method.$ of gas niet:ering, f!JJ.S a¢oumi,.lating, and gas samJl)ling were 

satiefactory,. P:reeaut1oll$ were ta.ten to e.ee tlw.t air did not contaminate 

the gas taet&r or f!l:LS sa;ia:ple drying tu.be between ru:ns. 

Los»('S of O.l to J..8,ti ef charge were encountered. 1n the stan&izid :r:uns. 

The losses 'WE)r& in moat ea.sea d'M to vapor lea.ks fl-om the coking cru.cibl.e. 

'rhes~ losses ~e represeintea a.e liquid. and sia,s, for the eoke -was weighed direct~ 

in the crucible h which it ,was 1)3:'od.uoed, reducing the :poee:tb:tlity of loss 

at tllis .st:mrce. 'The liquid.·~ weighed d.il"ectq in the liquid receiver. 

1fh.e eold:og erueible had euff!cient capacity f.er ~ a 50 ... gram charge .. 

!his resulted in the y.coo..uct:!on of about 30 to 35 sram.s of liquid, depending 



upon the oha.rge stock. In order to ana.J..yz_e the liquid, 1 t was necessary to 

combine the liquid from: two runs ma.de under the s.ame conditions. A larger 

coking crucible permitting the use of larger charges would. have been des1r ... 

able.. !he liquid and gas recovery system bad su.ffic:tent eapae:tty far at 

C. Clerrelati,on. A rough comparison of the overa.U :product distribu­

tions between the p1lot ple,nt and lo.bore:tory rune can be ma.do by .direcd; 

inspection. The results correspond reasonably well. A more refined and 

valid eom.tiarison, hawever; results when the laboratory yield data ( obtained. 

:in tha re.nge of 1200-15500:ir.) are extrapolated to the tempera.turea at which 

the pilot pant operations were conducted. When ·th:ts 1e done the following 

percentage points deviations a.r@ obtained: 

1, Yield in Pilot Plant minus 
i Yield in Laboratory (E:rtrapola.ted) 

Stock 
Vis-breaker tar 
Thermal tar 
Virgin asphalt 

Avera{!J3 
absolute d.evia.t:lon 

Coke 
- o.aj 
-1.5 
+l..8 

±1.2 

~d 

±o.o 
±0.0 

Gas 
+~ 
+ 2.7 
-1.2 

±1.9 

tiet!.lar~ when it is noted that the therm.al tar and virgin asphalt were 

not identical. for the t-wo investigations, as explained previov,ely. 

When the laborator:v coke density data are extrapolated (by straight 

lines) to the temperature at which tho pilot plant eoke was calcined 11 the 

following deviations in real density were obtained: 



Steck 
Vis-breaker tar 
!'hermal ta.;r 
Virgin ,aspha.l.t 
Average absolute deviation 

Piliot Plant Coke Density minus 
la:bora~orz .e,oke Density (ktra.polated) 
· · +o.64 · · 

-O.Ol. 
+0.05 
±0.03 

5!his, again, shows a remarkabq good correlation. 
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A study Qf Figures 7 and 8 :tndioatos a good comparison between the 

d1Btills:t:1on e\J!."'Ves for the liquid produced by the pilot plant and labors. ... 

to:cy, &om vis•breaker tm- and thermal tar. llowever,, Figure 9 indicates a 

lDti!Z"ketl. difference tn the oa.se of the virgin asph!a.lt. n.e laboratory cokiJ:lg 

md.t proilueect a much lower 'boiling and lower speoifie ~vity liquid. Thie 

ma;y be due 1n J8.?'t to lowe:r laborataey, condensing tem.perature and the drier 

laborat017 gas,. A small e.m.mmt of light liquid was prol>ab~ exhausted in 

the pilot plant gas.,. It is quite possible, however, that a good pa;rt of the 

dis~ is due to differenceo in the charge s-toek: .. 

!?he specific sra,vitt&s ot ·tl'J.@ laboratory f¥lS were slig\ltl.y leweJ:" than 

th0$€i of the corresponding pil.ot plant. gas. 'fhitil is proba.bq due to the 

drier laboratory ga.s • 

. !.n the l&boratory 1nV$S.t1gat1o.o., the me.x1mum coking temperature of the 

run. did not :nct:f.oeabl;r affect the quality of the liquid.. !'his 1s explained 

by the fact the:b the liquid ULke n.s near~ oOJn,"Pleted before 1200°F. As 

the tem;peratu:re was increased pa.st 1200°.F., the a.d.dit1onal product wasmo:stq 

ge.s:, f'~ at the expense o;t coke .. 

.Maxim.um coking ~ture :had no appreciable effect <rA th.e geavity 

of the gas produced 1n the laboratory.. Tb.E> highest temperatures produced 

slight~ Ughter gas due to more aavere oraok1ng .• 

Laberatory eeke yields decreased a.e the blasting temperatu:re increased. 

Conrad.son oarbon res.1due values e~ed reasonably eloee to coke yields a.t 

1500 te 1550°.r., the grooteat deviation occurring in the case of' virgin 



asphalt. '.'f.'his may 'be exp!.a:1ned by the fact that the Conrad.son carbon test 

111~u1l diffl:cult to run on the virgin as}llla.lt due- to the standard. rate at whioh 

the tem.perature must be raised in the test.. !fh1.s resulted in frothillg and, 

therefore, a lower Oonrads0n eai"bon value. 

I.iqta1.d yields. decreased. slightl;r a.s the maximum eoldng temperatiwe 

increa.sed_. Gas yields increased uotieeably as th¢* tempere.t~ increased. 
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Typical Laboratory and Pilot Plant A.S.T.M. Drstillation 

Curves of Liquid Produced from Vi rgin Asphalt 
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SUMMABY 

A laboratory-:pUot plant correlative study of the coking of vis-breaker 

tar, tberma.l tar, a.nd Yirgin aspha1t ba.£1 been 1Il3.de. The pilot plant resul.ts 

were obtained at the Cabot-Deep lRook pilot plant o:pere.:ted at Cushins, Okla­

homa. .. 

A J.Oaowles oU-ooking oven of 17 sq. ft. floor area was used in the pilot 

plant operation.. Tl:w innerent operational difficulties involved with car­

bon black formation and tar f'rotb.ing were eliminated by- operating with a 

proper oil. feed. ehe.:rging rate and an initial oven fl.oar tem,perature of' a.bout 

1500°F. Serious ove.n door lea.ks. hampered operation at times. Rish grade 

metallurgical coke ws md.e oonaietent]J. 

A laboratory coking unit, consisting of a crucible set in an insulated 

heating chamber, was d.eveloped for temperoturelJ of operation up to around 

1550°F. Coking temperature w.s controlled by regw.ation of three Fisher 

gas burners. A good metal-to-metal seal between the cover and crucible was 

f'oi:m.d to ba an ei"fecti ve method of d.eeraa.stng vapor leaks from the coking 

cruei'ble. Spring loo.ding of the crucible cover against the crucible was 

aleo folm.d im.portant. Cold.ng or J0~1zation in the vapor line was never 

observed. HQVeve:r, virgin asphalt fr.othed badly li' coked at too h1gb a 

tempere.ture. By coking 'Ul'ld.er tBmJ?Sra.tur.o conditions of 000 to 9000.,., serious 

frothing was elim:h:w:ted in this case. 

St:c-ai.ghi; lino extrapolation o:f the .laboratory ;riel.ds at various tem­

peratures to ·tho. ~ pilot. plent coking temperature for ea.eh of the three 

feed stocks resulted in qnite satisfactory oor.rela.tions, ldth average abso ... 

lute deviation.a va,rying f'rom.:t:0.5 to ±1.9 percentage units. Extre:.9olation 

of laboratory coke density data 'to the mxirimm. pilot plant cold.!\..g t~a­

ture resulted. in very good CO'lnl)arisona., with an average absoiu:t;e devia.:tio.n 

of :t:Q .. 03 g/ee .. 



l.,a;bora:t.ory opera.t1011 we.a earrioo. out with much lo-war losses than ,ras. 

pilot plant ~ti<m. 

34 

Liquid qua.lit)' eompa.'t'ison between pilot. i,la.nt and laboratory products 

was geed except tor the case of virgin a.ephal:t. li$re the laboratory llqu.W. 

w.e 1.-er boiling than the cor,:esponding pilot plant liquid. ])iffereno&e 

in the stock -,.y aceo,mt for this. 

-no lll't1"1mulll teaperatUX'ee to ,rhich the coking wae carried out 1n the 

l.abore.tory va:rted A-om 1200 to 1550°!'. Coke yifild. aeereased ·and coke density 

increased a.e mauma coking ~ture :1:acrea.sea... ~here, was a correspond-

11l8 sUs'b,t d.ecreo.s() :tn liquid yield,. but liquid quality was :pra.ot1calJ¥ 

unchanged.. Ga.a 71eld. 1uereasod. not:toea.b~ as the tem;.oera:t,ure increased. 

\ 
\ 



lmCOJilltmi\TIO.NS 

Reeomm.enila.ti-one for further work on heavy resid.•l oil coking in the 

l.aboratory a&-$ a.a follows: 

35 

L 7ae cl.evel.opt!lellt of a. more satisfactory eold.ng crucible with greater 

clfe.rge oapaci-, ·emalle:t" l.ea1mge tena.eMies, and a gt>ea.ter range of ~ ... 

a.ting temperatures .. 

. 2.. The· investigation o£ the .relAtionsb.i» between the volatile oontent 

ct coke sad :t'te real ·densit;r. 
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S1llmJ1U'7 ot Average Pilot Plant Be ults 

Basic Btm 
CO!Q82"1eon Runs 
Feed Stock 

0 Cravi ty, :A.PI 
Conrad.eon Carbon, vt.'1, 
Sull>hur, wt.~ 
Aeh, vt.~ 
Vtscos1 ty, SU3 @ 210°.P 
V1scos1t,-, S1S @ 250°F 
Characterization factor czcr 

barg& Period, hrs. 
De-ea Period, hrs. 
Caloinine Period, hrs. 

Q.perating Cond1tioll8 
!em;peratu:ree, Oj 

OVen J'loor, initial 
Feed Preheat 
Coke 
Vapor, average 

Total. Charge, lbs. 
ft> ff gals. 

Jle.terial Balauoe 
daa, vE.J on charge 
L1qu1d n ir 

Co;te " n 

Loss " " 
Product Inspections 

Liquid 
Ora.Tity, 0API 
Vol .. j @400~, Hem.t>el 

48 
34,35,36 
Virgin 
Asphalt 

8.4 
18.5-21.9 

1.13 
0 .. 075-0.oS 

900 

4.o 
1.2 
2.0 

1500 
500 

875-up 
830, 

1910 
227 

19 
53 
21 
7 

Vol.~ @400 Jf ) 1>,-
'1, 400°7-cra.~king )AS~ 

26.4 
19 
11 
82 

j Residue )Dist ... 7 
Gas 

Avere.go Kol. Wt. 26.o 

45 
46,47 

Via-breaker 
Tar 

8.6 
15.3 
0.96 
0.03 

150-155 

10.95 

4 .. o 
o.6 
1.6 

1500 
550 

850-up 
fr{O 

1910 
227 

8 
72 
14 
6 

15 
7.5 

3 
86 
11 

24.o 

8.6-9.2 
13.5-14.o 

o.88 
0.38-0 .. 49 

lBo-240 

11.05 

4.0 
0.9 
2.0 

l.500 
5€,o 

800-up 
810 

1890 
224 

9 
73 
14 
4 

16 .. 5 
6.5 

3 
87 
10 

24.o 

38 



Bun l'o. 

Jeei stook 
~erat~es1 ~ 

Initiai Coking 
.~im.um Coking 
Oondenaa.te Reoeiver 

:Product Distribution 
· Coke, Wt.¢ of C~ge 
Liquid 1 ti II ff u 

Ga.s ·n n " .if 

' Loss u n n tt 

' Product Dis~ibution 
on Loss~li'ree iasis 
- Coke, it.~ of Ohargo 

Liquid.," ff fl ff 

Ca.e, » u n 11 

Pr~~t .Insi5!otions 
<Soke Density, a/ec 
Liquid. 

Gravity, 0A~P.l .. 

ks 

A .s. 'i' .M. Distillation 
Vol.1, IBP-400°1 
vo1.i, 4oo°F...craeldng 
Vol.i, Residue 

- Speoifio Gravity 
Average Molecular Wt. 

'f.AB!E II 

S~:;r of Laboratory lun Data 

l2 19 17 - 18 14 16 

'" 
Vie-brealrer Tor 

980 990 1020 lo4o 1010 ;,90 
1540 1550 1350 1350 1200 1200 

84 19 79 82 76 83 

15.2 15.0 15.5 15.4 15.8 16.0 
76.6 77.2 77.6 77.5 78.3 78.4 
6.4 7.6 5 .. 8 5 .. 6 4.5 5.3 
1.8 0.2 1.1 1.5 1.4 0,3 

15.2 15.0 15.5 15.4 15.8 16.0 
77.2 77.3 78.0 78.0 78.8 78.5 
7.6 7.7 6.5 6.6 5.4 5 .• , 

1 .• 72 1.53 1.41!. 

l.6.5 16.2 16.l 

7 6 6 
81 82 81 
12 l2 13 

0.72 o.sa o.aa o.80 0.74 0.85 
20.8 23.8 23.8 23.3 21.4 2-4.6 

22 23 26 zr 
...f4 Thermal Tar ... ~ 

1010 1020 1020 1020 
1535 1535 1350 1350 

79 76 74 78 

16.4 16.4 16.8 16.7 
76.0 76.2 .76.3 76.4 
7.3 7.2 6.8 6.7 
0.3 0.2 O.l 0.2 

16.4 16.4 16.8 16.7 
76.1 76.3 76.3 76.5 
7.5 7.3 6 .. 9 6.8 

1.71 1.51 

17.0 16.9 

1 7 
78 il 
15 16 

0.70 0.74 o.84 o.81 
20.4 21.6 24 .. 2 23.5 

w 
\0 



lhm Bo. 

J'eed Stock 
T-rn-iures 1 ~ 

t1al Coking 
lla:d1lua Coking 
Condenlate Receiver 

Product D1, tribut1on 
c'oii, Wt.J ot Charge 
Liquid," n " ff 

Ge.s, .. " " " 
Loss, " tt • " 

Product J>1.-tr1but1on 
on Loss-free Ba.si• 
- Coke, Vt.~ ot Charge 

Liquid,""" tt 

Ge.s, " " fl " 
. Product IneJ!otions 

'coiii' Denei t7, i/ ee 
Liquid 

Gravity, 0A,P. I , 
A.s .T.Jl. Distillation 

vo1.;, IBP-4oo°r 
Tol.~, 4000Jt-Crackins 
Vol.;, Residue 

Gae 
---Speo1!1c Q.ra.Yit~ 

Ayerage Molecular Wt. 

fil!Z n (Cont.) 

Sunm.ry or IAboratary Run :De.ta 

24 25 32 33 37 38 

Thermal 'ra.r k Virgin Asphalt 

1010 1020 905 88o 920 920 
1200 1200 1525 1520 1350 1350 

79 76 77 78 81 84. 

J.6.9 17.1 23 .8 23.5 24.9 25.1 
77.3 77.4 58.5 58.7 6o.4 6o.2 
4.9 5.0 16.0 16.2 14.4 13.9 
0.9 0.5 1.7 1.6 0.3 o.8 

16.9 17.1 23.8 23 .8 24.9 25.1 
T7.6 77.6 59.1 59.2 6o .5 6o.5 
5.5 5.3 17.1 17.3 14.6 14.4 

1 .41 1.64. 1.50 

16.7 33.0 32.9 

7 23 22 
77 71 70 
16 6 8 

0.74 0.78 o.82 o.83 o.84 o.84. 
21.4 22.7 23.8 23.9 24.4 24.4 

35 36 

> I 

900 920 
1200 1200 

78 76 

26.6 26.7 
61.4 61.6 
11.0 11.2 
l.O 0.5 

26.6 26.7 
61.7 61.8 
u.7 ll.5 

1.40 

33.1 

22 
71 
7 

0.63 o.84 
24.2 24.4 

.J:;" 
0 



TAB ... m Dl·.··. 

ASD.t 1'1st1ll.e.t1.oz:w of Liq't21d hotw.rts 
of All, Ste.ntia;rd !a,bat-ator, Buns 

'{'letapE>re.t~G, ~. vs. VQl. '/, l>istilled) 

~b Bun lfo. l2 & 19 14 .84 16 17 & lS ea & 23 24 & 25 26 & 27 

Vol. j »:tst1lled 
240 !,B.P. 235 240 228 235 226 

5 366 375 3'"(0 346 353 31+9 
10 465 470 466 468 417 468 
15 534 530 540 543 554 538 
20 568 561 572 596 590 585 
25 605 602 613 624 615 612 
30 618 633 625 6lt7 645 631+ 
35 630 650 6414. 66B 662 650 
40 652 668 662 683 675 670 
45 665 68tJ. 686 696 682 690 
50 684 695 698 705 700 702 
55 691 703 706 715 712 711 
6o 709 709 712 723 718 718 
65 •716 718 71h 730 '722 724 
70 726 735 718 736 ~{32 730 
75 732 743 72! 741 741 735 
80 737 750 726 743 750 738 
85 742 754 130 745 
90 744 

32 & 33 35 & 36 

16o 169 
232 235 
281 282 
328 336 
368 381 
422 442 
468 480 
497 51S 
540 550 

~ 5S1 
6o6 

628 63, 
654 654 
670 668 
686 690 
712 715 
727 ~,24 
736 742 
743 752 

31 & 38 

164 
232 
282 
336 
379 
440 
478 
5a3 
554 
586 
618 
640 
659 
674 
695 
713 
718 
738 
741J. 

.. ~ 
l"". 



METHOD FOR ESTJ.NATING PBODUCT DIST.eIBUTION ON 
LOOS-FREE BASIS DJ IABORATO.RY COKING INSTALIATION 

The losses .in the laborato1·y coking unit as :rin.ally developed were 

quite low. lfhey varied from O.l to l.f:!4; by weight of the charge. Since 

the coke was weighed d:lreetl?[ in the crucible in which it ws produced, 

42 

1 t vas assmn.ed that no coke was lost aru.'l that the loss figures represented 

the vapor leak.a :from: the coking crooible. 

In order to apportion theao losses beween liqv.id. and gas make, the 

results of' :pairs of standard. r"UJ.W, each pair made under different tempera-

ture conditions am1 with each run of a pair having different losses, were 

Temp. 
Run No. 

Coke, '{:; 
Liquid, °fa 
Gas, 'f& 
Lo-se, 1, 

A Less 
L1Gae 
LI.Liquid 
'1.Gas/ .1 Loss 
Ll Liquid/ 6 Lot:m 

1200°F. 
11~ 16 

15.8 
78.3 

l1 .• 5 
1.4 

16.0 
78.4 
5.3 
0.3 

-l.l 
+o.8 
+O.l 
0.73 
0.09 

1350°F. 
17 18 

15.5 
77.6 
5.8 
l.l 

15.4 
17-5 
5,.6 

+o.4 
-0.2 
-0.l 
0.50 
0.25 

1.5 

1540-l550°F. 
12 19 

15.2 
76.6 
6.4 
l.8 

15.0 
77.2 
7.6 
0.2 

-1.6 
+l.2 
+o.6 
0.75 
0.38 

Average Gae Los0 = o.73+035°±0 •72 x 100 = 6f.t.J> of LI Loss 

Average Liquid Loss = o.o9+ 0325+ o.3B x 100 = 24'{i of LI. Loss 

Assuming that the fractions of' the total loss represented by the 

individual. liq1.d.d and gas losses are constant and independent of the loss, 

two-thirdm o:f' the total loss was assigned toge.a and. one-third to liquid. 

When the ad,justm.en.to aro 1lJ£1de as deaeribed abovo, the loss-free data 

given. in Table II al."'e obt..ained. The degree of reproducibility of the ad.Justed 

results is quite good. This lends some support to the validity of the adjust-

ment technique. 



JQUATJ:ONS FOR TB CAICUIATION OF THE SPECIFIC GBAVM AND 
THE· TW!A.L Dmlfl OF GAS l'B·OD'OOED m '1.1.H:E ~ORATORY o.omro, lNSfAWTIOlV 

t<J aa:tiu»ate the gas with watei" vapor, too metered. volum.e was corrected. to 

that o:f' sas at dry standard eo:r.:id.itions of 32°F. and l. atmosphere as :follows: 

(3) 

In ealculAt::!ng the speeifio gravity, o. correction 'W8.S :made for a.:ppro:x:i­

ma.tely O.J4 liters of' dt-;r au- essmned to have been in the system at the 

(1+} 

7 .41 w:.g f'gh. l. 203 p · · · · .·· - · • :;r Ya 

»t;! .:: ----i---· -----"" .· .... Ya (5) 

(6) 

"Were calcml.ated. from.:. 

('7) 

(8) 



Run No. 23 

Feel Stock: flael"Dll tar, 50 g 
ObJect: Coke tn l500°.F:t: 

t t3.r ~ Vm C 

Time t'vl !°F) (°F) cu. ft. 
~ 

0800 75 75 75.5 0.,000 
0815 670 
0830 98(J 

0832 . 1020 74 75.5 0.002 
0840 lo40 '73 75.5 0.012 
o845 l06o 72 75.0 0.036 
0850 ll.20 72 75.0 0.070 

0900 1220 74 75.0 0.100 
0915 llt35 76 75.0 O,.J27 
0930 lli-90 78 75 .. 1 o.JJ+3 
0945 l.520 79 75 .. 2 0.150 
1000 1530 79 75.~. 0.153 

J.015 

1030 

llOO 

Date: Ma:roh 31, 1950 
:Ba:rometer: 736.4 mm Hg 

Star-too. preheating .• 
TU.'t"OOd on condenser water e 

Started coking (first drop condensate) • 
Ra:te of liquid ma.ke high. 
llate of liquid malte al.wing. 
Liquid mako a::tl:!Loi:.rt finished. 

Started blasti..l'lg. Shielded coldng tm.it. 

Terminated nm. Shut <:>fi' condenser 
va;ter.. 1J!urnoo. on stos..m. to oondenser. 

Turned off eterun. Sanu,led. gas. 
tgh : 79°F, Wg l:!f 0.1820 &; 

Collected and weighed liquid.. 
Wt. of liquid. :: 38.105 g 

Cooled coke in desiccator' an(t weighed. 
Wt. of coke= 8.l&o Q 



A. Coke, wt.~ of' charge. 

Weight of eha.t"ge = 50.000 g 

Weight of coke= 8.180 g 

P. .· · - a .. iao g l .. 16 t. er cent coke - 5o.ooo g x . 00 ... · ..... 

Per cent liquid : ~:~~ : x 100 = 76.2 

e. Ge.s, wt.~ o:f oharge and spee:tfic gravity .. 

Substituting in eqUAtion (3): 

·v = ,,(!8.33) (0.153) tl36.4 ... 22.2) = 3•7 ,.,. liter ... 
6 . 535 I~ .., 

Substituting in equation (4): 

= (0.220J ~736.4) = 0 084 
Y'a · (3. 744 539) • 

Stibeti tu.ting in equation (5): 

(7.41) (O.l.820). (539) - (0.084) (l.293) 
D - 736.4 = 0.,955 g/liter 

g - ·- 1.000 • 0.084 

w8 ::: {0.955 g/1:tter) (3.744 liter)= 3.58 g 

P t - 3.581 'tr,0-·7"' er cen:. gas - 50.000 g x .J.v .. ..:: 

d1 = 29.0 (0.74):: 21.5 



n8 • density of gas on. a.1r,.f'ree baois at stand.a:N. conditions, grams/liter. 

lt1 :::: moleeular wight 

P = barometric press~, mm.. merc'l.U'y. 

Py :: vapor preaeure of w1.ter a::t gas meter temperature, mm. mercury. 

Sp.Gr.:: specific gravity- of gas referred to air .. 

t 0 : coking t~rature, °.F·. 

t g11 = gas. ho1der tem,erat\l'f'e, ~. 

t lr :: liQ.uid receiver tenq>erature, °F. 

Tgn :: gas h.0:Uimr tem.peratm~es, ·o_g. 

'fm. =wettest meter tem.pere.t~e, D.R. 

Vg = volume o:f' dry gas a;t standard conditions, liters. 

"9\11 ::: volU'lll.G of wet 09-e at meter conditions, ou. ft. 

Wg :: total wei~t o'f ory gas produeed, ~a.me. 

Wg:: weight of 208.5 ml. or dry gas at ~s holder conditions, grams. 

Ya, = 'fol.um.e .fraction of' air p:reecn:'b in se,e: holder. 

g ·:: ciry g0Ail 

.gh :: gas hold.er 



Typist - Evelyn Steinlmhler 




