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ABSIBACT

SeveraL cellulosi.c and nan-made polymerlc srrbstances were treated

by pyrolysis. the object was to examine them as potential sources of

asphalt sr:bstitutes or extenders and as potentlal sources for filler

tnaterlals. From the lnltial studies a technigr:e, whictr we call, "Invertedtt

pyrolyste seeoed to be ttre most promislng.

&ro m"Jor designs for ttre "Invertedt' pyrolysis systens were developed

and scaled up to accomodate approximately j-00 gallon batch drarges. Ihe

f{rst design produced a hlgher pere€ntage of binder, based on lnitlal sav-

dust lnput, but required an external heat source and ttre removal of the

ttchartt resldue. The second design, even though producing a lcn^rer percent-

age yie1d, suppl-ied its own enerry by combustlon of the char and produced

only smaJ-l amor:nts of ash. lhe second design is believed to be the more

practicaL of the two slnce sufficlent rrexcesstt enerry appears to be pro-

duced ttrat nrlth proper engineerlng the entlre system could be enerry self-

supportlng with the exception of norrnaL electricaL controls and fLow

devtces.

Due to the r:se of tJ:e second, energy savlng, system the productlon of

ftller naterlals was dropped from the project objectives. About 20 galLons

of the finaL binder materlal were produced. rhe binder w€rs used for

drenteal and physical testing as welL as investlgatlng ttre improvement of

lts quality through bLending with other substances and by further ctrernical

and physical processes.
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GAINS, FINDINGS A}ID CONCLUSIONS

A binder has been produced'from savrdust, whictr could be substLtuted

for asphaLt in lorr wear areasi'. ltre early, enerry intensive nature of the

process has been completeLy removed and the process design is essentially

self-sufficient with respect to enerry.

Conservative esti.mates suggest that blnder, at a rate of 5% by weiglrt,

could be produced from sa'rdust with not oore than 57", by volune, residual

Eatter (ash) remaining. thr-ls the eli.mination of waste sawdtst is a colnci-

de.ntaL gaLn in the process. the yield trarclates into 1000 tons/mo. of

blnder sLnce, as deterutned by a previous work, 201000.tons/mo. of sarsdust

are ayail-able for processing in Arkansas.

Changes ln the fiaal- treatments of the blnder by drenical and physical-

processes were not successful in iqroving its quallty. Further' no

treafiIrent which resuLted in a product that had binding properties elini-

nated, or even substantially reduced, the objectionable odor of burtring

wood.

StudLes involving blends of tJ:e binder wLth asphalts and sulfur

indlcated ttrat such mixtures might have specific applications in main-

teoance work but that precautions would have to be observed if objects

c@.tainl.ng this binder are in dLrect contact with those cemented with

asphaLt.

A posslbLe self-binding pot-hole aggregate was produced using

bLends of asphalt and sulfur as well as tJre synthetic blnder and sulfur.

Some of the ctreuieal couponents of the binder and its decomposition

products have been separated and identified. Ttre by-products of ttre

process were not studled.

t
\

l
t'

11

a



t

IMPIJ},IENTATI.ON S TATE}trN T

ltre iryLerentation of tJ:e process deveJ-oped ln this work ls feasible

and should be ultlmateLy energy extensive. ll:e practicallty of the use

of the blnder wiLl hinge to a J-arge extent on econoni.c and politlcaL

condLtions. lhe increaslng cost of petroJ-etm products and our depen-

dence on iryorted oil nake the r:se of sudr processes even more attractive

(and perhaps necessary) ttran was true when this work was started.

Ihe naterial produced in these studies is of Loser quality than

asphal't cernant of coryarable penetration grade and wouLd not be suited

for major heayy-use projects. It could, hovrever, be r:sed in temporary

me{r\g"o"nce work and on loro usage projects. the binder is similar to

asphalt in many aspects, and can be produced wittr a desired Penetration

grade. It shoul-d be possible to r:se the binder ln hot-mix Plants and

eryloy conventional construction procedures. In addltion, the materiaL

should be suitable for use as a cutback binder. Ttre maJor drarsback to

at least LLui.ted r:se of the binder is lts objectionable odor which seeusi

to persLst.

Certalnly, further work shouLd be done in this field of researdr.

It would seem reasonable that larger scaled research efforts toward use

of a tridrloroethylene-soltrble blnder produced from wood products could

be carrLed out by or near a drarcoal manufacturer or similar indr:stry.
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INTRODUCTION

ThJ.s project originated from a previous research project contracted

by the Arkansas State Highway Department and The Federal llighway Admlnis-

tration, ProJ ect Ifi.C-34 (1) .

Io the course of Project IIRC-34, a suney of wastes in non-urban areas

of Arkansas, the wastes were divided into nine categories. A list of the

monthly production of each type was:

Waste Twe Amouat ln -to"s/gg"th. Weight "L of Total-

llineraLs
I{ood
Agrlcultural
Liquids
Metals
P,aper
PoJ-ymeric
Leather and CLoth
GLass and Fiber Gl-ass

3L,2L4
L9,735
lL,353
5,000
L,O4g

8t
46
4L
27

44.4
28.1
L6.2
8.6
1.5
o,9
0.1
0.1
0.1

Mlnerals and glass wastes held the potential for some direct use

appllcatton in highway construction and naintenaoce. Metals were being

sold for scrap-metal prices and for economic reasons merited no further

study. After renoving these three eatagorles from the above Iist, about

557" of the wastes remained. Assr:m'ing that half of the Llquids woul-d be

rmflt for use because of large voltmes of water or posionous chemical con-

tmtr 501l of the wastes would require other than minor processing before

they tsere suitable for use in higtnvays.

Slxteen states were curreltly using waste materiaLs in highnray cotr-

struetion. Another el-even states were involved in research efforts which

they hoped would lead to use of rrastes in thelr construction work. A1most

aLl of the presently used naterials and those under study were considered

frou the standpoint of potentiaL aggregates. No work appeared to be aLued
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ln the direction of using the "non-obviousrl materials such as sawdust,

cotton gin waste, and scrap paper, except in token amounts for nulch arid

erosion deterents.

Ttre Long-term accepted nethod for disposal of these materials, burning

at the site of production, had recently come under attack. In fact, nero

pollution control legislation had alL but elininated this method. Whl1e

these wastes were used in the manufactr:re of such materials as pressed

board, cardboard or recycled paper, Large amounts of these lrastes were

piltng up and creating trenendous storage probJ-ens due to the lack of an

approved method of disposal. Because of the Large scaLe operation of the

hlghway buildlng industry, use of these wastes could be the solution to

rs&lc€d .^onstruction and mai-atenaoc.e cost€ as welL as the .traste disposal

sLtuation

.Destructive distillation of tires has been for:nd to produce heavy

otJ.s (2). Ihe molecuLar weight of these oils depends upon the distllla-

tion conditions. Tires have also been couverted into hydrogen and acetylene

gases for fuels. This converslotr was accompJ-ished by meaas of laser pyroly-

sis. Various types of pyrolysis and distillation have been used to convert

other materials such as wood, paper, plastics, used oil, cloth, agricultural

wastea and semge into fuel gases and other useful products (314151617r8).

A preJ-iminary study at Arkansas State Universtty (9) has shown that

uoder the proper conditions, pyroLysis of sawdust and agricultural nastes

can produce tars in appreciable amourlts. According to a German patent the

residual carbon can be roixed with these tars as a filler.

From recent studies in the United States (11), a process for producing

a fuel oil by the pyrol-ysis of cellulosic agricuLturaL wastes had been

t
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devel.oped. In this contert, as well as thror.rghout this work, py:colysis

refers to ar:y destnrctive distillation rihere less than complete combustj.on

occumed, fh,us, this project was initiated because it nas believed. that

pyrolysi,s coulcl be used to prod.uce binders and fl11ers from most of the

renaining unused wastes (\Vo as previously stated).

,
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(BJECTNTE AND SOPE

The matn objective of this rork has treen to produce, frcrm celluloslc

regtos, predodnantly sardust, a binder that rould se!v6 as a substltute for

esphalt. Several changes in tns scop€ of ths study havu occurred durlng

tb course of ttra project.

In Phase A of ths study, the objectLve ras to conduct a bench scale

rtudy shLch rould aIlow the investtgators to:

1 . Beccsrmend a process for convertLng waste naterials lnto blndars
end fillers suitable for use 1n highway constructton and mai.n-
tenance.

2. Derive the e:rbernal pararneters rhLch rould make tho overall pro-
ceso appllcable to mixtures of many different wast€ naterials,
thereby avoiding costly separation pro<iedures prior to processlng.

Ac eTesult of the Phase A studles, the scopg was reduced to include

only cellulosic rastes and ultlmateJy sandust from a single source. Phas6

I rork led to the design of ProcesEor I rhtch ras built to ftrlfilI the ob-

Jectives of Phase B. Phase B objectlves rere to:

1. Ibmmstrate the f\rnctionallty of lnverted pyrolysts ln the pro-
dtrctLon of biaders from cellulosic wast€s.

2. PemLt road testing of the binder.

3. Crltique the apparatus design and suggest any required modlfi-
catlon prior to lmplenentatlon.

Phase B rork yielded far less binder than antLcipated, based on ths

Irb scale tests, thus road testlng ras not posstble. Thts rras due pri-
nar{.Iy to the length of tfurp requtred to process each batch of sandust.

Processor I was judged to b6 too enerry intensivr to be feaslble for

!.nplenentatton. The char ploduced by Processor f ras to havp been lnvasti-
gatod as a potential fiIler. tfh6n Processor I[ was desLgned and tasted ln

the Iab, no char was produced and therefore the flller studles mre dropped

fron the ttcope of the project.
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Processor I[ ras constmctsd and operated tn Phase C ln order to:

1. Produce as rnrch bindar as posslble.

2. Boad test tle blnder.

Plocessor r[ ras not energy lntenslva, horever., ed the per batch

yleld of blnder ras reduced stgnlficantly so that only 18-20 gallons of

blader uere avatlabla for testing.

Cctsultatton rrlth the Research Dlvlslqr of the Arkansas lltgtrray De-

partnent resulted jn a decislon to cancel the planned road test in ttre fall
of 1977 so that suffLclent blnder rorld be anallab1e for lab tastlng and

atudy. Thts declslon fortuttously avolded almost certaLn fatlure of the

rosd tsrt dua to the sevrsrity of the rinter.
lltnough ttre obJect of the project had becme the production of a

binder that matched, as near\r as pooslble, the p5rslcal charactertEtics of

Arphal.t Cenents, test results m t,}re blnder produced frqn sardust indlcated

tb3t tt uas not, ln tts Etate of davalopnent, conpattble rrlth asphalt. fn
fect, tasts conducted by the AIIfi) Matertals & Tests Dlvlslon lndlcated that

tba blnder was too weak and o:ddized too easiry to be readL\r suLted to

hlgfray constr:uction applicattons.

Even though lt should have been posslble to ewntually match the prop-

ertl.es of the substltute binder to thoee of petroleum based asphalt, the

eourse of study was alt6red. Bathsr ttran contlnue the effort to make the

HRc-37 blnder match asphalt trr all of ttre usual tested properttes, studies

rere conducted ln an attampt to dewlop usefirl and needed mct€ria1s from

tb avatlable supply of biader. Posslb1a uses of the binder ln cold-nrlx

prtchlng materials, crack or jolnt ftIlers, seal coats and other sttrilar
epp}lcatloru, on lor vo}rre roads seemed to be nore easily and rapidly Ln-

plnerted ttran the origi.nal objectLrrc of a total asphart substttute.
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In tbe flnal phase of thls project, the lnvestigatton of poaslble

treatrnents of the blnder prepared in HnC-37 rera broken lnto 3 classes:

1. ' Those that 1111 e:Gract or r€rnova scme component that may be
causing an wrdesirable feature. (E:carryIe is excesslyr water
solubtllty).

2. Ibe addltlon of ottpr substdlces to changa tho ovorall phystcal
proprtles of the blnder.

3. The addition of other substancas to produce an Lrmdlately usable
product.
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lErsE a srrprEs

Phase A studies rere conducted fron July 1 11973 to August 15, 197\.

Ilboratory scale pyrolysis of a variety of cellulostc and mandmde poly-

rrlc ragte rere conducted durllg thLs phase.

ProJect I{RC-3L revealed en ahurdance of sa$dust and other raste frm
rhlch lt uas suspected that a binder rould be produced ry pyzol3rsts (1 r9).

It rag innedtately found that plolonged heating of the binder, during pyrol-

Fl.sr result€d in rapid carbonlzation of the product. Carbonizatim ap-

pearad to take place even at the lonest pyroltrrzing ternperature and thus, Ln

ltc productton, lt ras essential that the naterial be removed frcm ttre re-

acttcn vessel as soon as posslble after forrnatlon. This'presented more of

e problen tban one nlght, ex;:ect. ths blndet had to be remo\rod frm both

tiba rar netertal and the solid resLdue on rhich it ras absorbed. Ileatlng

to tmperahr.res sufflclently hlgh to rnportza tba binder, thrs allor1ng

eesy rmoval from the reaction vrassel, ceused decorrnposltlon of the degtred

ulterlal.

The approach adopted was to csrttrnraLly ranrove the products fron the

botton of tha reaction rressel as they were forrned instoad of dlstl1ltng

than through the top of the appalatus. Uhlle thls overcarne the flrEt prob-

l€[, lt dld not ramow a second obstacle. The deconposttton reactlon be-

carre exothermic rhen temperatules sorerhet greater than 25OoC rrere employed.

6ce thls polnt ras reached, carbonlzatton and the forrnatton of unrent€d

products proceeded repidly. Thus lorr€r taaprratules had to be used lf the

process nas to be successful.

Tro aystens whtch ovsrcamo these ploblems Elo essenbled ag shorn Ln

Elgures 1 and 2. Both systans penrtt easy removal of the products andrido

ro by forclrrg thenr, inrard and doun, aray frcnr the heatad zone.
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FIGI'NE 1

lort Cover

Porer Cord Froo Rheostat

Movable tube Suraace

Pyrolysls Chauber

Porous Iube

Out1et [ube

tar-lfater lrap (alr cooled )

Yo1atlles trap

Coollug Bath

Coadensed Volatlles

Suorort Systea Is trot Shora

tube b1 Eeater - enter ore

OPER.ITIOtr:

(1, Ihe pyrolysls chamber 1s f1lled wlth the waete uaterlal.
(2t the furaace ls adJusted to the d,eslred tenperature aad

the port cover 1s elosed.

Ot fhe furaace 1s lorered at a rate of about 5 tnches per
hour.

(4) tbe pyrorysls produets rnove douaward and thuE avay frou
the heated &re8o

(5) the nore volatlle materlals pass through the systen
and are coadeased 1n the cooled trap whlle the less
volatlle orea are collected 1n the flrst trap.
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TICIINE 2

torer Cord Fron theostat

Connectlons to Ihernocouple

El.ectrlcal Eeatlug Haatel
Pyrolysls Chauber for lfaste Matertals
!,Ietal Screea for Resldue Reteatloa

Maln Support Staad

Condeaser - Dellvery lube

Recelver - Bath

ueous Phase

Irlchloroethylene Phase

E[.ed Cy-Ilnder - Rlxed ileater Frolysls Unlt

OPERATION:

(t ) fhe pyrolysls chaober ls ftlled xlth tbe raste naterlal.
(2) Ihe Bheostat ls adJusted to glve a seleoted flna1 tenperature.
(l) As the uantel heats the naste naterlals, the pyrolysls products

arg drlvea lurards and down to the outlet.
(4) trlchloroethylene soluble products are collected 1n the lower

phase ln the recelver rh1le the water soluble products are
conceatrated 1a the aqueous phase.

IODTFIOATION:

the uatt caa be used rltb a water-cooled or alr-cooled condenser
rather thaa the bath type col1ect1on. Ihls ls acconpllshed by
renovlag tbe cogdenser - dellvery tube and replaelng lt rltb aa
adapter that perntte connecttoa to a coudeaser syeten.
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Ihe proeess nas called [nverted P;rrol5nts.n

to furtlrer oasa the escape of tbe producto, a rrgathe!€rrr ras lnsert€d

lnto the middle of the pyrolysis chasrber of the rpparr,trrs shmn Ln Flgure

2" Thls consisted of a sectLon of plpa rrlth slotted raIls, plugged top,

ud open bottou. The ngattrererr reduced the processiag tfua thereby indt-

cetlng thet tt zag effectlviely lncreaslng tho rate of ertrape of the pro-

dncts.

The dlstlllates xE re pasEed tJuough trtchloroethylene rhere ths desired

product md other compornds of low polarity nera dissolved. Tbo more polar

ccnpornds rpra co1.lected ln the upp€r layer (ratar) or escaped into the air.

tle gaseans dtscharge rns noted to burn rith a blue flLane.

Inl.td.al pJrrolFts rras carrted ort cn red oak, pLne, c1prus, tupelo

(guu), nerctpaper, dttto paperr rlce hulls, soybean cleanlngs, asphaltlc

rooflng rastes, cardboard, rubber tLres, thermosetting plastlc and thermo-

plaittc. The trichloroettrylene was strtpped rrlth a roto-enaporator and

reused, and tno product stored for firture processlng or study.

Yta1ds of the desired product rere dtfficult to measure. Estt-nat€d

ylelds for all sardusts used rpre jn th6 range of 10-1 Sfr ay netght. ldet-

erLals that poduced blnders are llst€d ln fable ff on tbe follmi-ng page.
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TA3I,E II

YIETNS OI,RESIDIIE A.ND BTI\DM RO}I VAXIOUS WASTES USED

Based on a 100 gram sample of nondried material

MATERIAL

Sawdust (average
of alL types used)

I{heat Straw

Rice llulls

Soybean Cleanings

Paper (nlxture of
types)

Cardboard

MASS OF RESIDIIE
IN GRAMS

23.9

34.6

45.4r.

34.0

34.2

30.2

TOTAI }IEAT VALUE
(calories)

AvaiLabl-e for
Pyrolysis

1.32 x 10
5

L.72 x l-05

1.17 x 105

1.96 x 105

2.31 x L05

1.84 x L05

MAXIMT]M YIELD
OF BII{DER IN

GRAMS

L6

29

L7

29

22

L3

* the re,sldue from rice hu11s cootal.ns about 501l by weight silica
The lleat Value AvaiLabLe for Pyrolysis, given in the above table, has

been corrected for the heat required to drive off the moisture that was
Prese.nt in the materials when they were obtained as well as the heat required
to vaporize the water that was formed during the pyrolysis process, In
other words, that amount of heat was availabl-e for the energy required in the
pyroLysls unit.

Several series of studies were condueted on the finaL product

obtalned from the organic phase produced in wood pyrolysis. It was formd

that the softening points and the penetratlon grades couLd be varied. If

one pJ-ots the 1og of the penetration against the softening point an almost

Llnear relationship existq. For penetratlon grade of 60-7O the softening

point was approximrtsly 45"C.

A different blnder was produced from the water layer. No attempts

were made to perfeet or test lts properties slnce it would not dissolve in

trlchloroeth3rlene and, apBeared to be of Louer quaIlty.
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Ihe results of the work, up to that tine, lead to the conclusioo that

sandust, which was avalLable at more than 20,OOO tons/mo., could be pyrolyzed

to p:oduce blnder f or more than 300 rniles of road per yeErr in Arkansas.

frl,e assumed' a. LOi( yieLd anrd 6% binder in the sr:rfaclag material. It was

suggested that this would be feasible if the heat value of the solid residue

Ea recovered and used in the processlng,

The orpected yields and eoergy balance, extrapolated from the lab

studl.es, for a ftEty gallon unit are shorsa in the folLowing table.

TI3[E ITI

silruamD YIELDS .[ND ENracY 3Ar,Al{cE ro8 a rrFTr carJtoN IIIET

UATERIAL UAXII"TTM ITEIGETS IN KIIOG"AUS EEATS IN UILLION BTU'S

CHARGE

77

25

32

35

82

32

BIIVDER1 RESIDTIE

18

9

15

u
28

10

2
USED AVAII,ABLE @

262

558

s87

4i63

-60

488

3

Sardust

llheat Straw

Elce EulLs

Soybean Cleanings

Paper

Cardboard

L2 76A

76A

760

760

76A

760

498

202

L73

297

820

272

7

5

10

18

4

1. liaximuo yield of naterial, i.e. charge miuus residue and vater forned.

2- Calculated fron laboratory electrlcal values 3ssrrm{qg ei.ght hours of
proeessing to be average.

3 Eeat avallable frou residue if burned.

4. l{ote that savdust ha.d, the least energ:y defleit of thoge uastes whlch
ere evailable in large quaatitles.

t
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It ras predlcted that rtth a 50 gallcnr betch processor up to 5rffi0

pounds of sandust could be processed durdng a one rnonth pertod of opera6.or

end thrt b5O to 800 pounds of blnder cotrld be produced. Although ttre pro-

ductton duriag latsr phases of .this project did not approach thts estlmate,

lt ras stllI belleved to be tbe ttreoretlcal ma:rimrm output for the proposed

desLgn. Sandust ras ttre only naterial suggested for large scale processing

&re to 1ts locar anallability and the rnounting dlsposal problen.

The results obtained la phase a led to the destgn of hoeessor r,
rlrlch rould handle 50 or mote gallons of sandust per batch. It ras also

destgned to btrrn the carbon residue Ln order to reduce ttr enerry inprt
noeded for pyrolysts and thus rnake the processor less energy lntenstvra.

Due to tinre and financial linitations, tbe restdue burner rvas ellmLnated

fron the €n6rgy systen shown ln Flgure 3.

Er&sg g sruprEs

Phase B studies spanned the period from August lS, 19Zh thlough

llareh 31 , 1!J5, most of thE rork being conducted during the sumer months.

Processor r, shorn in ttre accompanylng photographs, was built fron
tb deslgns shown ln Ftgures 3, hr end 5. The ev€nts of tbe surmer of 1979

rro sunnartzed as folIows.

Sewra1 reeks rftrre required to cmrplete the constnrctLon of processor

I. A 120 gellsr water treatrnent tank fron a srrlmntng pool ras obtalned at
r local junk yard. Ttris tank was crrt, a flange uas milled, gaskets rd€re

prepared, the heat exchaager plpe was shaped and fitted through the side,
e dornspout ras attached, a top covtr plate ras fltted, platforns and steps

rare hrllt, a cradle rag formsd for the tank md the tank was mounted on

tb cradle. fhe procesror and cradle r6re supportrd on lr X lr steel posts

tJret rere guysd by the platforus.
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PROSESSOR I

Photographs of the Converter System
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, E[@1 (Leeena)

ril to thE EIIERGY SISTE}I SCEEMAIIC

ITEU IPTTON and or I'UNClION
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I
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D
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CAS BURIIER - fnltlal heatlng source for each ruu and for
EiFpI3lEfiTal heatlng when the rrwasterr fuel ls exhausted

GAS SUPPIY

VADVB SISIEM - to pelnlt the use of elther the gas burner
Eiffir-TEffiaste cirbon buraer

.IAE' SHUtrf - pertrlts the total or Partlal by-pass of
the pyrolysls unlt

VAEVE SISTEI.I - pernlts pressure testlng of the heat
erchauger wlthln the pyrolysls unlt

PAESSSRE GAGE

IIE^! EICEANGER

- TBOI,TSTS U}IIT
See the separate dlagran for detalLs

sEutrt pucr

trAf - draws hot alr through the pyrolysls unlt and forces
ffi alr through the reualider of- the lnergy systen

EEAI EXCfiAIIGER

SAIDITSI DRIER - us€s resldual heat content of the alr to
pre-dry the aert charge ualt for the pyrolysls systen

Bl.FFIA

IBAP - retroves coadensed naterlals fron the hot alr systea

tr?ESE AIB INIE? - alr lalet for both burner systetrB

HEAI EXCEANGER - uses any resldual heat content of the
E6:E-affi to pre-helt the fresh alr that enters the
bum,er systeoa

Ef,EAI'ST STACK

&;Et - for the placeneat of the waste carbon fron the
Dyrolysle ua1t lnto the waste burner

OOIIBIISTTOS CEA},IBER
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(Legend contrcL)

SCR-EENS - preveat the passage of snaLl carbon partlcles
tnto the hot a1r systen

GBID - supports the raste carbon durlng conbustlon

P0RI, 9&@ OUt - for the repoval of aay nonconbuEtlble
aaterlals

!9ELE'.OIEAII OUf - for the reooval of small carboa partlcles
that are reaoved froro the hot alr systeu by tbe acreena n1n
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TICilIRE 4 (Ieaena)

fEI to !!e PIROLYSIS uUIt

rrEu DESC R :tPlIOII and or FUNCIION

l. OOV.ER PIATE - pe::ults aecesl to the pyrolysls ehanber?6ifFfffiE rrtn sardust aud renovlng the charcoal restdue

IISUIATIOI{ TAYER - covers only the pyrolysle chanber

EOf AfR INIE! - trot atr frorn the ilErergy Systemn passes
to the top of the pyrolysls chanber and then through the
heat exchanger eo1ls hottest zone w111 orlglnate at the
top of the unlt eurd gradually erpand dowarard

EEAT EXCEANGER COILS

GI'IEEREE IUBES - sealed on top ead - open ead extends
E]IofrEe-FIA, oEn, - perults the vapoilzed pyrolysls
products to escape fron the pyrolysls chanber wlthout
passtag through the sardust at the lower leveIs - the
tubee have a serles of splrl1ng sl1ts that rua fron the
top to the leveI of the grld

! EOt AfR RETURN - returus alr rlth reeldual heat eoatentto the energy systen

e Ff,ilIGE - pernlts the removal of the ptrrolysls chanber
Eagltrg foi laspectloa and/or repalra-bt tle heat exchangercolls and the gatherer tubes

E 0nfO - holds the sardust ln the pyrolysls chanber -supports the gatherer tubes - pernlts escape of vapors
aad l1qulds fron the pyrolysls charober

I InffON JOfl[TS - perntt rapld connectlou or dlsconaectlon
of the pyrolysls unlt and the energy eysten

rI PRODUCI OUIIEI - pyrolysls products pasg lnto the recelver
eysten

B

0

D

B
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FIGI'NE 5

PRODUCT RECEIVER UNIT
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rIcIrRE 5 (teeBnd)

f,Ef to the PRODUCT RECEIVER UtrII

DESCRIPII0N aadlor FUNCfIOII

t

B

c

D

E

r

G

E

I

INLEI IUBE - conductg pyrolysls products frou the pyrolysls
ualt lnto the product recelver unlt

CAP - perults the addltlon of wate r and/or trlchloro-
ethylene to the unlt

IAIER IAIER - absorbs the rater sol"uble pyrolysls products
that rere not absorbed by the trlchloroethylene layer

IRICHLOROEIHYIENE I,AIER - absorbs the pyrolyels products
that are eoluble ln trlchloroethylene
suPPoRI ST4Np

OUttEt - all unabsorbed specles and carry-over naterlal
1s conducted to the necessary traps

FIAPPER VALVE - to malntaln posltlve pressure wlthtn the
recelver unlt
SIGHI TUBE - allows v1sual lnspectloa for a dangerously
EIfiE-rlq'ilfo leveI

OUTIEI VAI,VE - for renoval of products for f1nal proceselng
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ln o]d 30 ggllcn hot nater heatsr ras used to constmct tlr melrt recetver

rhtch ras morurtsd cm a stand m:de of relded half lrtch plpe. l' serles of

! gatlcn traps nas constnrctcd hrt was later dtscarded and replaced sirce

lt ras too smalI for the volume of products that ras lLberated.

A heat sorrrc€ was constnrcted from an o1d central fulnace. It ras

Itned wlth ceranic-wooI insulatLon and connectad to the processor b5r a

tro lnch lnsulat€d steel heat pipe. Th6 hot exhaust gases from the gas

hrrners rere to serv€ as the heat supply rithin the procesgor unlt.

It€ heat pipe from the processor was connected to the heat exchanger

frcm ttre o1d eentral furnace. The heat exchanger was locat€d lrr a box

rhich ras to be ftlled trlth sawdutt, T an attennpt to pre-drXr the sarrdust.

The reason for discarding the firrnace ?rae ap;nrent as eevelal pln holes tn

the heat exchanger made it unusable for this purp6e. The flnal polnt on

the heat llne wag a vac'uum conststiJog of a shop rncuum motor mounted on a

ll galton dnm.

the procet sor rras insulated rlth fUlI thlck flberglass insulatiol

rttlctt had alurninum backing and was sealed around the top to pinvent rater

damrge rrlth a coneoction of portland cernant and asbestcs heat plpe lnsuIa-

ttm. Ttrls arangement ras qutte adequate for lts purpose.

Ih€ lnlttal run was started abort six rd€eks behind schedule. for ttrls
lun 8n attempt was made to load the processor by a vircuum system, but the

alntLable vacuum was hsufflcient and frrture runs rrcre loaded by hand. The

ucual vohane of sarrdust added was 100-120 gallons depending on the effec-

tlvaness of the packing. The flrst run ras narred by srnelI leaks tn the

aetrdust drying system which caused smoke to be enltted fronr the \racuum ex-

heust and a fLre to occur jn the drylng box. The processor res shut, dorn

aad tha drylng systen rqrovred.

a
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It rag obvlous after the lnltlal trlal ttrat the orlgtnal trap s3rstam was

lnadequate. It was replaced rrlth a new trap system whlch consist€d of a

1! gallon alr trap, three 30 gallon llquid scrubber traps and a water cooled

reflux column havlng a length of slx feet,. Ihis system was not conpletely

edequate for trapping the gasoous materlals, therefore, a final rater trap

ras added. Th€ flnal trap was made of glass and served as an indicator of

tbe rcte of reaction rlthin the tank by its rate of bubblllg.

Tbe processor ras not ernptied follorlng ths trap system nodtflcatlons

and the run was restarted. Thls nm continued for enother 29 hours, durilg

rhlch gaseoulr emisslons dtd not stop. The processor tank sas allowed to

cool end was then opened in order to lnspect resldue. Untform heatlng had

not been obtalned and many pockets of unreactad sandust remained. It was

declded that the effect of better paeking of ttre sawdust would be lnvesti-

gat€d before the system lras nodlfied further.

The seeond run proved to be no mor€ productlvu slnce the paclcing of

t[e sawdust caused the heat ptpe to shtft and as a result opened a crack in

a coupling, causlng suoke to be issued from the vacuum extraust due to py-

ro\rsLs products entering the heat s3rstem. The systern ras again shut dorn

and ovarhaulad by adding 20 feet of heat exchange pipo to the 30 feet aI-

lesdy present and by brazing copp€! fins onto the plpe to increase ttle hoat

tnansfer to the saudust. In addttlon, the gasket material used to form the

seal for the 35 lnch dLaneter flange of ttre proeesstor was a problem of long

duratLon. Several nat€rla1s were used, the nrost satisfactory being forred

by bolllng castor oi1, addlng asbestos flbers and fornlng tho nlrbure irrto

rlbbqrs (1 2 ).

the next slx nrns, of approrlmately 30 hours each, w€trer more product-

lrc, rrlth the last four produciag a}nost a gallon of the refined naterLal

per 50 gaIlon batch of sandust.

a
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Cert,alnly, additlonal heating tinp rould have lncreased the yleld as much

ac trro-foId, hrt runs of 60 consecutive hours rrre not posslbIe.

I31 the course of tha successfirl rwrs, an lnert gas nas t€sted as a

heat transfer redlum tnrt had only llmited succegs. Other suggestions uhlch

r€reiaot feaslble at the ttme rere e fluldlzed bed approach and a trnper

recbrnLsm to rnaintaia rmiforrr packing, thus lnproving the thermal transfer

as the process progressed.

In sumary 8, atteurpts lnvolvlng 218 hours of achral nnnlng tlme were

prformad. Thls nrnnlng t!rc, correspondlng to at least 2l+ nurs of the

Frocoss as originally anticlpated, ras in excess of the scheduled process-

lng tLme. It ras obvlous ttrat an lmproved heat transfer systen would sholt-

en trhe process and increase the yle1d.

Brom Pnocessol I, th€ product rhich nas to y1eld a blnder ras collectad

tn tho organlc la5rcr (trlchloroettrylene) of the receiver. The denstty of

the'golvent ras such that most of the solld residues were floated to the

neter lnterfacs. By carefully removing the organic layar frcrn the bottom

of tho receLver, t*re solid resldue was exeluded. Thls ellminated a subse-

qnent trrocessing problen encorurtered in earlier studies (p). It ras ne-

cossary to transport the separated organlc layer to the laboratory rhere

vacuum distilLation and recovEry of the solvent was carried out. Tbe

rccovered trlchloroethylene rhlch contained any ptocess derlv€d oils rhich

rere carried owr under the condlttons of the vacuum dlstlllatton ras 16-

hrrned to the procossor sita and reused.

Sm solvant ras lost ln this prooedur.e but exact amounts were not

ncaEurod. Sone of ttre contrihrttng factors to thls loss are its solubllity

ln rater, Lts absorptlur on the carbon resldue and lts eesy evaporation.

Itre loss of solvant preseated anottrer obvtous ery€nsa to the plosass.
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Ttre btnde! ras flnished by coolclng dorn. Sewral laboratory nethods

of detsrrnlling when to terminate the ptocerrs ln order to obtain a desirod

lrnetratlon grada rere tried during the perlod. Uhl1e methods for this

deterninatlon e:rlst, none B€re avalIable to the invrrstigators wtllch rere

rapld enotrgh to avold over cooldng of the binder. The procedure that was

chosen for the final processing ras an open pot cook dorn usirg a subjec-

tlve detormd,nation of the ter.rninatlon point. Thls determinatlon was done

by pourtng a srnall sanple irrto the dlmple of a spot plate adjacent to a

sanple of asphalt havlng tha deslred penetration grade and comparlng then

b5r touch, aftar cooling, to appro:Cnrat€ ths penetration.

Ttre results of solublllty tests made durlng ttds period ar"e gtven Lu

Tab}e fV. These tests rrcre performed to shor the disslnilar nature of the

mC-37 pyrolysis produet and that produced by a rnethod knorn as the Creorgia

Toch Process (11). As fudlcated, solubllities nere sJ.gnlficantly different,

rhlch led to the conclusLon that tha local product was mo!6 lil<eIy to pro-

duce a blnder rtrich could be used by conusntional asphalt pavlng rnethods

and eqrdpnent.

An evaluation of the flrst eight (8) pyrolysts nms and laboratorlT

studtes shored that less than flve (!) gallons of binder had been produced;

tho tr-mo trEr nm and, more tnportantly, the energy requlred eaused serious

cqrstderatlon of drastic changes in the proc€srr; lab tests of another nnt-

hod yleldEd binder which appeared to be the same as that being produced ln

Processo f rhlle at the same tfurre reducing the required energy lnpmt and

resldue rqaoval problens. It was concluded that the erlsttng py:olysis

unlt rtrould bo abandoned and Procassor II constnrcted and test€d.

t

t
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|rA3I,E IV

soruBrr,rry pRopERtrES oF rrsrl,tnER'r turaRlAr,g

* Pure solveats = lO ra1 of lndlcated solvent
Solveat Palrs = 5 ra1 of each solvent Llsted
lpproxlnately'5 nl of the lndlcated blnder materlal were placed 1n thc
E6ivent systla, shaken vlgorously several tlues over a 2 hr. perlod 'left staudlng;for otre week and thea observed for solublllty behavlor.

Solvent Systen
*

iiRC-]7 Steady Bo11
Product

Asphalt -6o/ZO Georgla Tech
Product

Drre Trlchloro-
ethyJ.ene
(rcE)

So]. sotre flae
parttcles renalned

Sol. Floats on top
eIlght color
1n IEC (lnsol)

fOX & I'Iater Insol 1a water,
So1 1n TCE & no
uaterlal betueea

fnsol ln water
SoI ln tCE

Sl1ght So1 ln
water, 1nsoI 1n
tCE, nost ln a
layer between

flater Insol - settled to
the botton

Insol - settled
to the botton

Very-sL1ght1y
so1, settled
to botton

Benzene So]. So1 Very-s11ShtIy
so1, settled
to botton

Oarboa
Dtsulflde

Sol - sone flue
partloles renalaed

So1 Very-s11ght1y
so1, floats on
top

Naptba Solveat Sllght So1 - most
sattled to bottoa

S11sbt SoI
most settled to
botton

Very- e11ght 1y
so1, settled
to bottoa

Carbou
Setrachlorlde

SoL.- 6oIBe flae
partlcles remalaed

SoI Very-s11ghtIy
eoI, floats
oa toB

Xyleae

n

So1 - soae flne
partlcles renalned SoI Very-sl1ght1y

soI, settled
to bottom

I,cetone SoL - some flne
partlcles renalned

Very-s11ght1y
soL, settled
to botton

So1 - Eore
partlcles left
than HRC-37
naterlaL

l.O Molar
Potasstuu
{ydroxlde
SoIutloa

S1lght1y sol, rnost
aaterlal adhereC to
glass tube or was
suspeaded as a sol1d

Insol - Ploats
o:t top

Sol some flae
partles renalaed
on bottoa

t
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PHASE C STTIDIES

Phase C stud.{es were cond.ucted ln varlcus.perlodts from Aprl1 1., 1975

to June 10, 1 !J8, durlng whlch Processor II (photo) was bullt and operated.

Processor II was constructed accordlng to the diagram shor^m in Figure

6. It was bull-t on the same platforu and used as much of the original trap

system as possible. The smoker stack was approximately the size of two,

hlgh form, 30 gal.l-on water heaters, pl.aced end to end on top of a low form,

30 gallon, water heater. 1\ro inch pipe and valves nere used except where

snaller 314 rrrclt pipe is indicated. The traps were 30 and 55 gallon drrrms

as indicated by the relative size in the diagram.

Processing lras drasticalLy changed in thls configuration since no out-

slde heat source was required. The sawdust was l-oaded in the smoker stack

by hand with light packing. The top was ignited, as evenly as possible, and

the vacuum motor started. The heat and exhaust fumes, from the burning saw-

dust were dranm, down, through the sawdust. Fresh air was drawn in from the

toP to suPPort combustion. By this nethod the combustion and pyrolysis pro-

ducts moved ahead of the hoE zone and were out of the smoker before they

decomposed. The binder under study was a part of the recovered products.

Ttre products, due to the design of Processor II, could not be simul-

tatreously collected and extracted as in Processor I since trichloroethyLene

ltas too voLatile and toxic to be introduced lnto the gas train. Therefore,

a mist extraction chamber and several water filLed traps were used. The

Products were seParated from the water and solid residue by a separater Inanual

extraction with trichloroethyLene. The extract was traasported to the Lab-

oratory and treated in the same manner as described in the Phase B studies.
a

!
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Photographs of the Convartor Syot*m
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EIGIIRE 6 (tesena)

-g T0 THE MoDIFIED COI,MERSEB UIAGzuM

(l) $,roKER TrrBE
Sawdust is loaded in thls tube and lgnited at the top. The sawdust Ls
then br:rned flon the top to the botton by use of a vicuun

SLEA}I OIN POH3_-
$IPPORS SCREEN

ASH TRAP

MIST DCTRACTION CHA}AER
U"t?f*rs bei.ng ca:ried thror:gh the systen as sall droplets are renovred,at this point.

yAloR IT,0r,{ CONSTRICTTON TUBE
This tube has many small sJ;its whi.ch produce a reduced presslrre insidetLts chanber compared to the pressr:re inslde the }ines irp to this point.
As the hot gases enter the chamber they are cooled slightly and fi:rtherqondensatlon takes place.

(c) vAPoR pcrr ruBE
Ttlls tube has several large diameter holes whlch face the wal1 of thechamber. Vapors are thus forced to pass agalnst the wa't'l of the chamber
and are thereby fr.rrbher cooled.

(E)

(r)
This outlet nakes lt possible to sapre the rnaterd.aLs reaching tlrLs pointln the systen

(t) vApon scRUBBTNG TRAII

(r) EINAI TRAP sEE MAIN VACUuM CHAI,tsER

(l) vAsutu r\4oroR

(s)

(c)

(o)

(E)

(r)

t

SHIINT

MOMTORTNG DRATN



,1

!

Early nms rrlth Processor rI were much shorter than wlth Processor I.

In fact, on the fLrst day of operation tro nms nere made ll one eight hour

pellod. Thls turned out to be an 6rror slnce the rnajority of the useful

product was only slightly ahead of ttre hot zone and dtd not reach the re-

celvpr ln ttte first rtrn. It ras apparently deeornposed durlng the sacond

run. As a reault of trying nartous procedures, it ras foutd that approx-

lnately 5 hours per rnn was optimum. It nas also necessery to conpletely

bum aIL reEldue unttl on\r cool ash reamined, before refllling the snnker

gtack. lhis per,'rnltted only cne run per day rrith this destgn.

Ilelds rerE hard to establish due to th€ dlstributton of product irr

tbe traps, ht have been esti$at€d to average 15 gaIlon of.flnlshed binder

psr 100 gallons of sawdust. Hany of ttre rrms durirg this period ylelded

lesg tban 15 gaIlon of blnder. ?he lmportant factors contrlbr"rtlng to this

reduced trrleld are: ttre presence of nore ttran one hot zons, Iosses ln the

trapping systom, naterial fallure of the smoker staek and lack of unljorm-

lty tn the sardust packlng step.

lhe snoker had a hot zone at the bottorn as rB11 as the top rhen ttre

bottcrn la5nr of char and ash was not completely brumed or exHnguished

prlor to reloading. The cornbusttan products from the upper hot zone sup-

ported ccmbustLon ln the lorer hot zone and decomposed most of the useful

product. Llkerise, the shape of ttre sides of the smoker and the non-unl-

fornLty of ttre packlng caused channeltng of ttre upper hot zone wtureby it
overtook and decomposed portlons of thE useflrl product front before it
reached the receiver.

In orler to lmprove the uniformlty of paeklng, th sandust ras screened

by trnd to eltmlnate ths larger ptoces of bark and chips. ThLs improvrad the

hrrntng unlformt ty, ht from brLef studles lt was lndlcated that more con-

trol of the flor rate was a better sorufi,on to this problem.

t
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The flor studLes were conducted ln an all glass s3nstenr ln the laboratory
after hocessor rr was shut dorn and productton had stopped.

ItIe brief lab study produced another tnteresting posstbllity for trn-

proving the destgn. ft indlcated that a fllter packed w.ittr sandust, subs-

tltuted for the \rapor extractor, rould trap the products of several runs.

$rbsequent extractLon of ttre product rrlth trlchloroethylene or slnple burn-

tng the ftlter ln place of the smokor staek would recovBr the product.

ttts posslblllty, rhile not trnplemented in this project on a 1arge scale,
remalns an Lntriguing possibllity both for ttre reductton of ths stze and/ot

tbe munber of water traps requlred and for the localizatton of the desLred

product rlthin the gas train.

IlElng processlng rith Procegsol fI, the product was found to be pres-

sat ln the vapor extractor, a1I ratel trapor and ttre \racuum barrel. fts
locatlon was not eompletely predictable and none of the attempts to deter-
nlne tts beharrlor in order to achieve lts collectton at one point rf,€ra nuc-

cessflr:|. The deslre to produce as rmrch blnder as posslble during ptraso C

dtd not allor for major constnrctton changes ln the trapptng system.

The protluct was slaply corlected fronr arl points and comblned.

Early supplies of sardust rrcre durnped on the rred dogn track by mis-
take' In rnorrlng the sarddust, stgnificant amounts of tfie sand flonr the track
rere plcked up. The resurt was a strady pluggtng and subsequent fatlure of
the screen at the bottom of the snbker stack by glassy crinkers. TSis prob-
Iem, once recognlzed, was elfuulnated by dLscarding the contarninated sawdust.

Qree ttrls nas done, no cllnkers de\reloped.

lfaterl'al failures of the smoker stack rere a signtficant problen. Tha

heat generated by the hrrning sawdust ras sufflcient to defonn the smoker

stack, causing the yleld to be reduced by charureling and actual reductton
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ln capacity (ft nelted dotrn). AgaLn, ttp subsequent in-gIass studles shorrcd

that reLt-donn could be eliminated by jacketlng the srnoker stack and extrac-

ttng the heat rlth a heat exchange rnedium, thus linlting the temperahrre.

fhls cotrld also provide a source of heat for the subsequent processlng ra-

qtdred to recov€r the solu3nt and finlsh ttra btnder.

'Qte ottpr material failure was the development of leaks in the smoker

atack. I'Ihen these exist€d, th6 r1eld rag reduced, prinarlly by the in-
creased trndency of the ftre to channel toward the addltlonal air supplied

by the leak.

Phase C lnvolved in excess of 5O attenpts and lrOO hours of operating

Processor II. I{hen the bl.rrder had been flnlshed, the yi91d fron thj.s phase

ras about 1l gallons. Consideratiqr of the fastors desclibed herein leaves

the oplnlon ttrat this nothod, rrlth adequate plocessor desi.gn, rourd be

feasible to operate and would be energlr extenstne.

Dullng thts phase of the work, laboratory studles r*Bre conducted sr

blends of different penetration grade binders and blnders rrlth aspftralt.

The shrdy of blends ilvolrring dtfferent penetratlon grade blnders indt-

catcd that a desired penetratlon grade could be obtatned by blending indi-
vldual binders which had penetrations that bracketed the desired nalue.

Thls nas shcrtn rhen the log of ttre penetratton grade of the blend was plot-

ted agalnst the welght percentage composition of the mL:cbure. This plot

gav€ e reasonab\r straight line rrlth intercepts at the penetration values

of the tro binders used in the bIend.

' An e:cample from thls work is shorn tn Ftgure / rrhere blends of binders

rrlt'tr penetratton grades of lr and 100 were shrdied. A narlety of penetratlon

grades rtare lnv€stigated to a lesser ertant and the results seerEd consis-

tant rLth this e:camp1e. In order to further ccnrfirm this flndlng, sevelal

predatarmlned penetration gradas rfr,re successfully prepared ttrrorgh blendlng.

T
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Ttrus, a destred penetrattcn grade blnder could be produced by blendlng pro-

ducts from several runs and tt, therefore, beearne nnnecessary to flx the

end polnt of ttre firtal cook donn st€p.

The studles involvLng blends of asptralt and blnders tnittally showed

penetratton vaLues much larger than etther of the ccrnponents. Iilhen the

saru sanples were looked at sone months later, the penetratLon was dornr ln

the range orlginally e:qpected. Insufflcient mlxing may have caused thLs

result.

Other work shoned that the penetration grade of the blnder material

ras unchanged after nine cycles of heattng to 302otr' (t5OoC) and maintaln-

tng ttris temperature for flve nlnutes, follored by slor cooltng. This

Lndlcatod that normal processing through a hot mlx plant should cause no

changes iJr th€ penetration properties of the binder.

July 1, 1977 uas the date of the last operation of Processor II. ThB

demoLition of ttp old stadturn, rhere it was located, required that the util-
l.ttes be disconnected and no further rung eould be made at that locatlon.

Ihring the swiltsr, the Diviston of Researeh and Planning of the

Arkansas Hlgtmay Departnent nas given a sample for testlne in tholr lab.

The results of thesa tests are shol,n in Figure B. From ttrese tests it ras

oH.ous that the blnder produced was not strong enough and that lt orddlzed

too easlIy.

Sottp of the realmesses were likely due to the btndelts density betng

greater than asphalt, so that equlnalent mL:os should contain more IIRC-3?

blnder, be watght, than would be required lf asphalt vere used.

No effort bad been made to remone ratpr soluble ccrrponents from the

blnder. When the sample was soaked ln water durlng the standard test pro-

cedures these components may have leached out, further neakening the test

sarnple.
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'/Solubtlfty fn Trichloroethylene - 93,12 , :

Solubillty ln Acecone - 99.7L
fftneoactc VtscosiEy at 275a8 - 29 ceotletokea DZtlc
qlbsolute VlscosiEy at, 140qP - L78 poiaes p7r1i
)GpeclEic Graviuy aE 600r - 1.18 D1o
Ittrio ?llnr oven Losc - l6,EZ D.fl54 ,

Note: Residue tests nere irrpoeslble to obEala after the thln filo oven
tesG due to the oalerlal beeoning hard aud crysCalized.

Comparlsou of i.Ilxes

,5
rIGI'RE 8

,ARKANSAS STATE HIGHWAY DEPARTMENT

E<?jElrenEal ULx
StabtltEy Flotl

34,58
3/{.28
438 g

tct [f.!tt-20f-r0rL3&r-Cte..

Control llix

l"
I

!

Flor

Aggregata for a'oove ulxaa uaa a bi.end of floe sand aod cruahed syenite froo
Grauice }louoEaiB Quarriaa. Ehe gradatl:n for a1i speciroens lraa as follows:

SLsve Size 314" ']rlzu 
318" I1o.4 i.Io.10 lto.40 No.80 No.200

PercanB reEaiDed O- - 4 11 37 st 76 a9 o')

Bluder Conteot
5.A7"
5.57
6.o7.

Noto:

Stabtlity
1153
L240
LZ45

10
'1 ,

I4

llheo heated to 1250" eari abova- Ehe rnaterlal nroduces fures and ao
obJectl,onable odor. lbs bls&r ror tr\e contr<if nfx lraa 8n AC 20
fro ltecl{lllaa Pa&roleun Gorp., i{or-ohlet,, Ark osaa.

l€sEAR?H sEC..P & F OlV.

ARK. STATE }{IGHV./AY DEPT

m

ffi
\

FEB ,1977

cet So Teague , Reaearcb Secclos

LITTLE ROCI(, ARK.

REPORT 08 TBSTS ON BDIDEB B'M }IOOD RESIDIIE
ERC-37

q

!iti
:t*
fIiiis



,7

t
Drtrg the remainder of the perlod, th€ flnal processJ-ng of all batches uas

completed and all binder (18-20 gallons) obtatned during the proJect (ex-

cept a small sample of each batch) was comblred tnto one kettle ln prepara-

.tion for the constnrction of a test patch.

In the faII, when all things were considered, all parties agreed not

to rlsk the entire batch ln a single test patch but rather to saw the bin-

der for studLeg designed to lmprorrc lts quality, to lnvestJ.gate its combt-

natlon lrlth asphalt for possible use as an extender, and to dewlop blends

rrlth other materlals to produce productx that should be irrrrediately useful.
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IEA,SE D SITDTES

lRocDIIRffi, TESr nESIILTS, AtlD DISCUSSIoII

qEsT tRocEpuRES

l&e aanples resultlng fron tJre varlous treatnents of LSUphalt In ttrc
f,ol1orlng studieg rera tested by sorre or aLl of tJre following method.s:

Penetratlon @ 2!oC (D-5), Softenlng Point (D-r5), Specif!.c Gravtty @

aSoc (l-70), rlaeh Point & Flre point (a-ge) r I?rLn Filn oven Test (D-1 75il ,
Solublltty of Situoens l,Iaterial (Sortrlet l'lettrod.). Some addlttonal solu-
blllties uere measured. by AS|l}1 Method. D-2042.

Ia noet casea the eample slze vas too snall to includ.e all tests.
lIost [hln Flln Oven test regults represent only one eanpJ.e, horever, nhen

oultlBle oanples vere run, ttre preclelon vas ercellentr and taken to Justlfy
tJre lncluslon of data from a si.ngle nrn.

1[,he Sltumen content, (i.e. materia] soluble in CS2) was obtained by
Soxlrlet ertractiou of each sanpJ,e for 24 hours. fhle frag done to avold the

hazards of openly handllng carbon dlsulfld.e. ASUphaIt was tested by AST|{

D-2O42 a.nd showed the sa&e eolubillty ae that obtalned by tJre Soxhlet nettrod.
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3lends of ASUphalt

llhe earller stuclles tJrat were cond.ucted. uslng blends of asphalt and the

erperlmental bind.er, as ve11 as, those made using only ASUphalt of varlous

penetratlon gra.des (ffrase C Studies) suggested that blending rnethods might

be useful ln producing improved propertles of the bl.nder afi/ or other rnaterials

of Llmlteil speciflc us€o [tre substances that were selected for lnvestigations

as blendlng agents were asphalt cement (50-70 penetration grade), sulfur, cured

nrbber, semi-cured rrebber and polyethylene ( a thennoplastlc ). TLre atternpted

bl.ends and ttre resultlng rnaterials are described in the following eections and

are separated according to the blendlng agent used..

Su1fi:r B1ends:

Sulfur was chosen as a blendlng agent because of the well documented

stud.ies of sulfur-asphalt mixes and ttre techniques that have been reported.

Asphalt was used in analogous studies of sulfur blends Ln order to compare and.

contrast the effects of sulfur ad.dltion to the intlividual bindlers. Mlrtures

of ASUphalt-Su1fur and Asphalt-Sulfur were mad.e simultaneously usLng the sarae

procedures and. conditions. Penetration testsr results and. a sr.uunarized treat-

nent process for each series of blended sarnples are shown ln Tab1es Y anil 1i1[.

In the case of ASUphalt-Sulfi:.r blends it was observed ttrat at temperatures

requlred to malntain the mj.rtures in the molten state hyd.rogen sulflde gas

appeared to be evolved. llhi.s r*as lnterpeted to lndlcate tJrat the sulfur trast

not only a physically blended agent but that lt at least partlally reacted

wlth the blnder. It was expected that some oritiation by the suLfur would. be

observed. based upon the previously noted. rair' oridations. lltrese reactions

rere vigorous and resulted in frothing of the mkes lf elevated tenperatures

nere malntained. No evolutlon of gas rras obse:sred r:nder the same condltlons

ln t'he case of Aephalt-Sulfur blends. ft ras, therefore, concluded that the

a
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tso systems should not be e:rpected to shold analogous trends.

Ihe collected data showed t}at the addition of sulfur to asphalt

would result in an increased penetration value. lhe observed trend

couLd resuLt from the physical bJ.ocktng of the intermolecular forces

behreen ttre molecul-ar units of asphalt by tfre sulfur molecules. Ttre

addltion of sulfr:r to A.SUphalL generally resuJ-ted ln reduced penetration

vaLr:es as would result if sulfur oxidation of the binderfs molecules

occurred and woul-d be very marked if cross-linklng or. bridge formation

resul-ted. Otirer saqles shorved only sma11 and incidental dranges as lf

ttre presence of the added suLfur had lltt1e or no effect. It was deter-

uined'Later that sulfur tends to separate from ASUphalt upon slow cooLing

of the blends and crystaltzes lnto a soLid fron l*rich the A^SIIphalt can be

uashed with solvents.

It was concluded that the evolution of IIrS gas and the increased

brlttleness of blends containing A"SUphaJ-t and sulfur would nake then both

i4ractical and potentially hazardor:s.

A potentially useful sulfur-asphalt product was produced in the

course of these studies. Ihe lnvestlgators choose not to pursue its

development because of tJ:e scope and objectlves of thls projecE. It

was declded to report the following fin&ings and ideas in the hopes that

ottrers, who are investigatlng the potenti.al uses of sulfur, rrrEry find a

successful app lication.

At teryeratures beh^reen 160'C(320oF) and 200'C(392oF) ttquid sulfur

changes from a ye11ow, transparent, and raobile ll.quld into a brown viscor.rs

fluld containing high molecular weight polyreric sulfur moLecules instead

of the S, rings normally present in the crystal-1ine solid at room teqera-

ture. Upon slos cooling the equiJ.lbrft:m between rings and dralns wll-l
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shlft to ttre ring form and the characterlstlc fight yel-1ow col-or of solld

sulfur returnEi as lt forns crystals. If the p.olyuerle forn of sulfur

Ls qutckly cooled, such as by pourlng into ice water, it will solidlfy

before the equillbrir:m reaction back to riags can take place and a hard,

aoorphor:s or plastic solid is formed. On ttre surface of the amorphor.s

solr.d there appears to be a sloru shlft of the equllibrium in favor of the

Sg specLes and the solld w111 slowly become coated wlth Ilght yeJ-Lor

porrdered surfur.

Ttre procedures foLlovzed ln the formation of blends contalning sulfur

ttould have follovred the path of t, %S, + polymers. SJ-ov cooling

rrould have al-lor^red the separatlon of most of the sulfur into S, r.nits in

a crystal-lne structure whidr would have excluded the liquid binder. In

aE atteupt to rrtraptt the blend in a homogeneous m{xture before separatlon

could Lake pl-ace, several hot (180"C, 356oF) bJ-ends of sulfur-asphal-t

and sulfur-A.SUphalt were rapidly cooled by pourlng the mixture lnto ice

water. he result was a solid, pelletized materlal that had various

degrees of tackyness depending upon ttre pereent asphalt or ASUphalt r:sed.

Ia all cases an aggregate type product was formed. With sulfur contents

of about 80-907", there was no tendenry for the lrmFS to stick togettrer and

they coul-d be broken w:ith a ha-"'er into sma1l-er pieces. Ia the range of

502 sulfur and either 50"/" 60-70 penetratlon a.sphalt cernent or 50% A.SUphaLt,

the materl-als produced did have adheslve surfaces and could be coryacted

togettrer rxrder pressure. In all cases the sollds could be easily stuck

together by passing a bransen burner fl"oe over thei.r surfaces. With con-

tlnued heatlng it was possible to coryletely melt the soli.ds asi was

opected. After tlro years only sllght surface deeoqosition ha,s resulted.

trrese uaterlaLs seened to hold pronise as synttretic aggregate, conventionaL
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patdrlng materials or an easily handled, hot-ntx blnder and patdr

materlal.

Blends with Polvethylene :

Ttrernoplastics can be softened or even melted, molded and eool-ed

to produce new objects. thLs process can be repeated several times with-

out decouposltion of the polymers due to ther^nal degradation. ltrermosetting

plastlcs cannot be mel-ted without chenical brealcdown. ltrus, attenpts

rsere made to produce blends of ASUphalt and thermoplastic polyethylene.

Polyethylene was ctrosen because of lts avalLablLity as a waste materi-al

at aeveral manufacturing concerns in Arkansas. It was hoped ttrat the

addLtlon of sma1l amourts of polymer molecuLes mlght pioduce a more uEie-

ful blnder dr.Ie to increased fLexibllLfy and strength.

SeveraL attempts were made to prepare mi:<es r:sing polyethyJ-ene from

vartous sources and havlng different physical forms. In aL1 cases the

results were ni1. the te4eratures required to melt the polyethylene

caused rapid decouposition of the blnder. In the trlals at lower tempera-

tures the polyner softened but forred mats on the surface of the liquified

binder and no nirrtng could be accoryLlshed. tlus, thJ-s line of studles

was dLscontlnr:ed.
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Asphalt Slencls:

Severa1 serles of asphalt containing blends have been prepared and

atudled during tlre course of t}le proJect. They nere nade fron asphalt

that vas obtained from more ttran one source and. ASIIBhalt that nas of

varLous ages ancl had been subJected to iilfferent heat-cooling cycles.

In adclltlon, t,he blends rere prepared by several lnvestlgatoro aacl tJre

tegts rere run by varlous persotra. lltre obsenred trends d.lcl not apPear

to be operator ox srource dependent.

Early ln tbe project lt was reported that test reeulte seened. to

change nlth aglng of tlre bIend.ed. saraples. In order to varlfy or dLsprove

t&c effect of age a set of blencls uere Drepared in Julyr 1.978, Theee

oanples uere Berlodlcl.y checked tJrroughout ttre remalnder of tlre proJect.

Slgplficant cha,nges in the penetratl.on valuee a.nd the ooftenlng polnts

of ttrs blencls rrere not detected..

flne results of the penetratlon tests on two serles of blends are

ghorn ln Table VII. Ctraphs of the values given for tJre tvo serles are

are shoun seBarately tn Figrues 8 & 9 and combLned ln Figure '10. fhe early

atud,ies of .ASUphalt-Asphalt blencls had been conflnecl to ttre compositS.on

ran€E of zero to fifty perceat asphalt (i.e. the range of 50 to 1O0 on

t&e graphe). As can be seen fmn tJre d.ata ttre use of ASUBhalt as en

crtendcr of asphalt rould have to be carefully controled elnce ttre addltlou

of amall amounts of elther naterial to the other causes large cbarrgBe ln

tJrc ptryslcal p:roBerties. Addlttonelly, ln ttre range of tJrlrty to seventy

pcrccnt ASUphalt thc blends exhibLt very lor* coheslvc natures. I,lhl1c lt

uay bc posslble to usc blends of these two materlaLs for speclfic nlrposes

thelr use in the conat::uction of naterialg that vould. be ln contact wlth
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FIGI'RE 8
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those that oontaln eLttre:c blnder in lts pure fo:m would certalnly resuLt la

unpredictable changee at the strrfaoe of contact.

It should be noted that ttre blendlng of asphalt vittr ttre ASUphal.t

bLnder produced mixes that had ttre odor of ASUphaS.t. llhe reduction of the

odor nas one of the objectives of thls proJect, however, bleudtng techalques

alraye resulted, in nixes that smeLled Ilke burnlng rood.

3Ignds of ASUphalt vith @.!t
Please aee 11 of tJris report.
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Extraction Studies

It was thought that selectlve removal of some portion of the

A.SUphalt rtght iryrove lts suitabllity for hlghway use. lbo cate-

gorles were defined l-n tfiis work. Ihe first tras removal- with varlous

llqtdds (solvents), and the second was extraction with various gases.

ftre objective'of the study linited the processes for extractlor to

those which eryloyed soLvents whldr lrere cormon, relatlvely lne:gensive,

and to those methods whidr di.d not lnvolve conplex precedures. Both

categor:les are described below.

Extraction with Liquids

After considering severaL posslbLe methods, the following simple

Lab procedure was r:sed for the extraction with the soLvents Mettranol,

I{ater, Ilexan:e, Acetone, DLoxane, €Dd Trichloroettrylene.

ftre geoeral extraction procedure was to place appro:dmateJ-y 500 gransi

of ASIIphalt in a one L1ter, rotrod bottom flask fitted through a standard

taPer JoLnt to a refluxing condenser. To thls flask, 250 nl of the sol-

vetrt was added. In order to obtain adequate uj.:dng, the flask was heated

overnLght wlth gentLe reflu:<ing of the mixture. At the end of thls period,

the sample was either flltered warm wtren uost of the .dSUphaLt dissol-ved

(Ibthanol, Acetone, Dioxane, TCE) or decanted and washed with cold solvent

when ASUphal-t was only slightly soh:ble (Water, Hexane). Fina11y, ttre

product was ttdriedr' ln a rotary evaporator at about 70"C and 5 m IIg.

trre arrmonla saryLe was extracted by a cotrtinuous procedure r:ntil no

further dranges ln the pH of ttre extracted sol-utlon occurred. Ttris pro-

cedtrre rras excessivel-y J-ong, (3 weeks) and the resulting product was not

obrrlously better than those obtained in the shorter process, so additLonaL

coutlnuous extraction processes were not ernployed.
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Itre resuLts of testlng the products obtained by these roettrods are

eholnn in Tab l'e \IIII .

Ihe ASUphalt was relatlvely soluble ln l(ethanol, Acetone, Dioxane,

and Trlchloroethyl-ene (TCE). In all cases, it was vlsibly softer and had

a Loryer softening point, hlglrer penetration, and Loruer fLash and fire

Polnts. Only the hexane and arnmonia extracted samples had l-ower l-oss on

heatlng. the lot^rer flash points presented an lncreased hazard to handLing

and no further atteryts at extractloDs were made.

Ihe e:planation of these dranges in tested properties nay be formed

ln aoy of three modeLs. Ihe flrst was simpLy that the solvents afflnlty

for the A.SUphalt was suctr that lt was aot totally removed from ttre sample

by the rotary evaporatlon process. It was observed io other studles ttrat

wtren the ASUphaLt was heated gently and sr:bjected to high vacur:m (.2 m IIg)

lt outgassed extensively for J-ong periods.. ltris indicated that ttte affinlty

for o:<ygen was high. this affinity is knorrn for many phenolic compor:rids

wlth pyrogallol being the reagent for the quantitative analysis of oxygen

ln aLr. lhe more polar solvents wor:l-d be e:cpected to compete with the

oxygen for the available cites and subsequently less easily removed at the

teryeratures and pressures used herein for solvent removal. lhe second

possibility was that the sol-vents reacted drenieally to break dorrn tJ:e

product to more voLatile, smal-Ier average molecular weiglrt uaterials whlctr

would accoLrxt for the test results. lhis was sorewhat supported by gas

drronatography studies but was not concluslve. The third posslbility was

that sel.ective removal of silal-l portions of the sary1e caused the dranges.

frls was most probable wlth hexane and amonla but no mettrod of confirnlng

this has been successful.
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Due to tJre general decrease ln quality lndlcated by ttre test results,

these procedures rrere Judged to be rnaceeptable for the intended purpose

aod more time lras direeted to the other areas of the work.

the extractions with varior:s pII water solutions were unsuccessful dr:e

to ttre formation of emulslons. lhis was consistent wlth ttre tentatlve

ldentification of significant aPotarts of dicarbo:rylic aclds in the ASUphalt

by gas drronatography. Wtren extraction wasi performed with delonized water,

the flnal pII of the water was 4.0 whlch aLso indLcated the presence of

carbo:ryllc acids

Eydroctrloric acld was llberated when carbon tetrachlorlde was used

as ttre solvent in the normal procedure and was renoved.from the 1lst of

posslble soLveots due to ttre corrosive nature of the hydroctrloric acj.d.

Extractlon witl: Gases

ASUphaIt saqles of approxlmately 500 g were heated to varlous temp-

eratures and Acetylene, Dry Nltrogen, Carbon DloxJ-de, Ilydrogen, Natural

Gas, and Air were br:bbLed through them in these studies. the tine period

for the gas passage was typicaLly 24 hours with a f1ol,r rate of 15 nUnin.

One of the 500 gram samples was subjected to steam distillation and has

been lacluded ln Table IX wlth the results of the test performed on the

saryles resul-ting from gas extraction.

As shosn ln the test results, the trends of tfre softening point and

penetration were similar for all gases used for extractlon. Eactr lncrease

ln temperature resulced ln a hlgher softening point and a smaller pene-

tratloo. Only Natural Gas and Water reduced the fl-ash point and then

ouly at lorv temperature. Ttrls ls probabLy due to the affinity of the

NaturaL Gas for tJ:e A.SUphalt, catrsing sone gaEi to be hel-d at the lower

teryerature in the one case, whil-e in the other case, steem treatment
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probably hydrolyzed some esters to soaLLer, more vo1atlLe compourds.

0nLy tn the case of Alr at 230oC was the Blttrnen content slgnifi-

cantly changed. It is thought that the further oxidation to dlcarbo:ryIic

acids accorrrts for ttris change. the accoryErnying change ln loss on heat-

rng tends to confirn this judgnent.

Stea.m treatments increased the loss on heating by elther increasing

the amormt of volatile components as lndicated by the decreased fLash

polnt ard/or residual- water content due to polar interaction with ASUphalt.

Both of these possibllitles seem Likely.

ALl cases euployed were superior to air extractlon and lndicated

that the final processing of the A^SUphalt would have produced more and

better blnder if a vacuum cookdown or a gas bubbler had been used for the

flnaL processing. Carbon dlo:d.de appears to be most prom{sing from thls

data.

Gas Chromatography Stu&ies

Ihe objective of thls phase of the work was to ldentify as nany

of the dremical components of ASUphaLt as possible. Ttre nethod was

chosen based on the equlpment availab]-e and ttre suspected nature of

coryooents of the material. No effort was rnade to ldentlfy the 1-ow

moleeular weight components whtctr were eittrer present in the material

or fored by tJ..ermal decompositioa ln the drromatography. In retrospect,

thls was a poor decision as more luformation on the Lower welght products

would have been he1pful.

'Early work, whidr was performed on a Goqr-Mac 750, single col-uur

gas ctrronatograph equlpped with a flame ionLzatloo detector, iudicated
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tlrat more. ttra 25 cornpoaents were detectabLe when the A.SUphalt was

{njected directly lnto the ctrronatograph. Ttre certainty that the hleh

teryerature involved i.n these studles caused extensl've deconposition

Left ttre actual identity of the coryonents of the A.SUphalt ln question.

Io order to avoid thernal decoryosition and to render the higher

molecular weight substances nore voLatile, derivatives were prepared and

chronatographed. lfethyl esters were forre,d to stabtLLze ttre organic

acLds present and silane derivatlves were forned for the acids and

pheuols. these are cotmon procedures for gas ctrromatographic analysis

and no special- tectrniques were r.rsed.

EsterLfication Procedure

Ihe nethyl esters were prepared frou ttMethyl-8rr concentrate, sqppli.ed

by ttre Plerce Chen{cal Corporatlon. It is a DMF-Dinethyl Acetal r:sed in

ttre esterLfication of carboxylic aclds. Ttre esterifi.cation reactioris by-

produets are dimethylformaui.fu (DMF) and mettranol.

Rq)08 + (cu
(acld)

OGI^t5
a)2ff€ R@0cu3 + CII3oII + (Gs)

ffig (ester)

GI0
,

-tF (cxl

(DlE)
)

3

!,!ethyl-8 also reacts with water aod alcohoJs, producing nettranol and wlth

certaln diols eryoxides are produced.

ltlo procedures were used to prepare ttre esters depending on the

physlcal nature of the saryIe. For li-quid s."nFles, 30 UL of the uaterial

was drara into a syrlage and injected into an alr tight vlal containing

300 u1 of "lhttryl-8". Ihe vtal was then heated at 6O"C for 15 Einutes.

Durtng this tire tha solutions r:suaLly turned yeJ-lor^r. Aliquotes of this

mLxture wele lniected into the drrom,tograph.

- tJtren tJle sample was a solid or a viscor:s L1quid, it was dlssolved
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ln a solvent, usually nettranoL (benezene when not soluable ln metlranoL)

and filtered. A 3OO p1 saryl-e of this mlxture was injected lnto a

vlal containing 300 ul- of "Mettryl-8tt atd heated at 60oC for 15 minutes.

Allquotes of t}tis nlxture were injected into the drromatograph.

Sllvation Procedure

lhe sLl-ere derivatives were prepared usiag a m{xture of 250 Ul

DMF, 100 u1 of "IRI-SIL" concentrate (a mixture of hexamethyLdlsilLzxte

(HloS) and triuethyldrlorosllozaae (TMCS)) and 50 uI of GSA (N,0-bls-

(trtnethylsilyl) - acetamtde), alL suppLied by Pierce Ctremlcal Corporatlo,n.

A 1OO pJ- sarryle of material &issolved ln a suitable solvent (DMF) was

added to thls udxture and vigoror:sIy shaken. Ileat and'a whlte precipitate

(NB4C1) were generally produced,

3ROE + (I{eaSlNIISll(e3 + (CI3) 3SiC1);J :nOSr(GI3) 3 + NH4 CI

RI.SIL

Ihe precLpltate was allovred to settle and samples were carefully drann

fron the superrrat€rnt liquid and injected lnto the chromatograph.

Inatruue-ntation

A11 of the sampl-es were analyzed with a Perkln-E'lner Model 39208

Gas Chrouatograph equipped with dual fIa* lonization detectors. he

cofum. tenperature was linearly progrrrrmed aecording to one of the four

teryerature progrAme given in Table X.

I\yo coh:mrs were used for the separatlonsr. For esters a six foot,

0.125 inctr ID, stai.nless steel col-uur padced with 10% SLLar 10C on

LOOILhO resh Gas Ctrrom Q with nitrogen fLowing at L5 nUminute was used.

For'silanes a slx foot, 0.125 lnctr ID, stainless steel coLumr packed

dft 5Z SE 30 on L00/L20 mesh WEP with nitrogen flowltrg at 10 n-l/ninute
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sas used. hese cohms were supplied by Alltec}r Associates, Inc.

Interpretatlon of Results

To couflrm the esterification procedure, known carbo:ryllc aclds

were carried througlr ttre procedr:res. the rrretentlon tine[ obtained was

coryared with those of quant grade roethyJ- esters obtained from ttre

PolyscLence Corporatlon. the peaks obtained from the carbo:<yllc acld

derivatlres and from the corresponding methyL-esters coryared wel1.

Ttro peaks fornrd ln tJ:e "Ibttryl-8" alone were also present in the

derlvatlves. lhey. were at 0.6 and 8.1 ninutes after injection. Injections

of rmreacted earbo:<ylic acids eluted more rapidly than ttreir corresponding

ester and were poorly resolved

Known oethyl ester 'xtures were then tnjected l-nto the gas

ctrromatograph under ttre sarro conditions and teuperature program and a

eerLes of well resoLved peaks was observed on the chromatogram. these

pealcs rere ldentlfied by systematical-ly addlng to the ester rrlxture a

snalI amount of a known pure ester, and noting whidr of the peaks was

eularged. he indivldual peaks lrere tentatlvely identified by this
t'splking" tedraiqr:e when no spJ.itting of the peaks dr:e to the spiking

was obserred. Si.nce a honologotrs series of nethyJ- esters was r.sed,

a plot ras made of the J-og of ttre "retention timer versus the ntmber of

carbo.s present in the coryound and a straigbt llne graph was obtained.

Ia a llke -oner, dfunethyJ. esters, mettryl esters of r:nsaturated

carboxylLc acLds, aromatlc rethyl esters and phenols were examtned. ftre

trreEntLon timetr in eadr ca.se was uoted for coryarison and identificatlon

of ttre saryles rnder Lnvestlgation.

Several kaown phenolic coqounds were subjected to silylation

to coaflrm the procedure and to provide standards of f'retention tlre" for



I

60

coryarLson with the unknormrs. these procedures were successfuL a'rd were

nsed to Ldentlfy the components of tJ:e rnaterial beLng studled. It was

for:nd that ln sone cases better resolutloo could be obtained by separation

of phenollc and acid coryonents, prior to sllyLation and this was done.

Table X glves the coqLete llst of standards r.sed in this study. It

also glves the relatlve retention tlres (RII) for eadr coLumr and tempera-

ture program.

I{hl1e couparlson of these retentlon tLrrEs with the unknolrn and

eplklng procedures are not sufficient informatlon for absol-ute ldentlfi-

catlon, they represent ttre best info:mation obtained in this work and

the compor:nds for.rnd will be referred to as tentatively'identlfied.

Results and Dlscr:ssion:

A.SIJphalt:

A saryle of A^SUphalt coll-ected from one of the open cookdolrns was

used as the typical sampLe and was identlfied as 'fOpen /115". Ihis

sary1e was collected directly frou the final- processlng and had not

been subJected to additlonal heating or rni:red wlth other batches.

Gas dlromatographic results on the esterified nlxture of thls sarnple

produeed 20 peaks, with four esters being tentatively identifled by

splklng. I1re coryor:nds identified weres

Dlnethyl naLonate
Dfunethyl succinate
I&'thyL benzoate
Dlnethyl terphthalate

SLlane derivatlves were not clearly ctrrouatographed for tJ:is satrFle

so separatLon was carried out rrith soLveat extraction whereby carbo:<ylic

aclds were partlally separated from phenoJ.s. the carbo:<yL1c acld portion

was thrrs more con@,ntrated and revealed L1 peaks when the esterlfied
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TABLE X

*COMP0UI\:D A$ EtiIER AS SILATiTE
RRr [i\,rlrl RRT [r,llNl

========= = ==== === == ========== ===:====== ===== ========= == =: ==EENZET\|E (a) 0.6 (4) 0. a
BUTAOI|,TOIC ACID, (1,4-) (l) a.9 (4) 10.9
cRESOL, (r'rETA ) r

.. CRESOL , ( OR IHO )
SRESSL, (P ARA)

. DECANOIC AC II)
_OECAN0Lr (1-)

(a) 18.5

( 1) e.8
(2) 7. I

la.4
l6, g

14.3
7.5

a0 .0
e4.6
lT .a
e4 .6
aa. I
15.1
eg .9
33.7
l0.l
23.6
30.5
9.8

18.9

26.5
12. 3

46.6

(4)
-_(4)

(4)

(4)
(4 )-

(4)

(4)

27.7
5.9

7.9
?.3
8.0

- 0IHYDR(lXYAEl'lhrZtJIC AC ID r (3r 4-)
-T}II'IETHYL BUTA-1,4.0IN(]ATE* (E)

(3)
-oiuerHyL cIs-a-nurErioATE iit
- OIMETHYI ETHAT) I liUA TF (e)

0II,IETHYL HEPTA-1r 7-L)Ilv0ATEr (a)
(3)

_.O{llarnvr- H€xl-t r6-6INoATE (?)
-DJl,t;:THYt-. ISOPhTHALATE (a)
--DIt"IETHYL 0CTA-1r8-i.lIltnAIE (a)
_0IMETHyL PEr.rrA-lr5-t)I),,(JAIE (al
-OIMETHYL PHTHALATET (E)

(3)-oiugrnvu PR0PA-tr3-0ItruArEt (?)
0IMETHYL TEREPHTHALqfEr (e)

.bruerxvu TRAfrs-2-rirTErioA TE [:]
DIMETHyL-2r 3-i.rIHyDd()Xy- (31

_ lrO-BtjTADIll(IATE
0I|'IETHYLDECA- 1 r I 0-{-r Ihi0ATE (a)

- DII.IETHYLF()Qr"]AI,iI{)E ( j)
0It"IETHYLN()r\A-1r9-t)Irr0ATE * (I)

_ DITERIE,tI I y1-4-trF Th yLPHErl0L r (2, 6-)

13. e

l0.a

(4) _7.3

(4) Li.,4

(4)
(4)
(4)

1.1
l9.l
16.3

o0DECANIIIC ACIrr (r) 2.9
DOOECAN0L, (l-) (a) 8.3

_ ETHYL 4-HYl)R()X yrrEi\jZ0A TEr
ETHYLPHENOL, (0RTH0) r (a) t9.e

-ETHYLPHETnIr (PaHa; (a) el,0
-I|EPTA^J0IC AC I0 (l ) a.a
.HEXANOIC ACID (r) E"E

HYORO X Y [,.E T H YL-A 7 5-D I TE r(E I I rYL PXEII(}L
HY0R0X YPHE\0L r (0R Txo) r

.-METHAT{nL (3) 1.7
l,lETH0 X Y-4-PRltPErr YLPHEit0L r ( 2- ) *
t{E TH0 X Y L - q - H Y I) k t'.r Y L -'l E ;, 7 A L I) Er{ Y 0 E, ( 2 - ) r
METII0XYPHEI0L, (2-) t

-i4E.THYL CISTCISTCIS-9r l?r (e) 27.8

(3)
(4)
(4)
(4)
(4)
(3)
(3'

40.0
g.a

10.3
6.7
5,9

a5. g
l3.l

20.
19.
[0.

(3)
(3)
(r)

i
0
a

a
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TABLE X C0r\rTII\UEi)

RELATIVE FETEi{TIOI,I TItlES IRItTl IiF ALL COMP0TIIIOS

_C0t,lP0tlllD AS fSTtR AS SILA|'IE

. --=---=- 
jEri---

_l5-0C T A t) EC A T tl I E it;o A T F

OCTAOECAOI[\OATET
METHYL C I S.9-TlCTADECEIIIIATE
METHYL DEC A II{}A T E

,{ETHYL t)r)DECAt;(IATE
METHYL HEPTAtTOATt-*

I,IETHYL HEX AOEC AIJOA TE
f.fETHYL HE X Aftllr()A TE *

(a)
(a)
(3)
(2)
(3)
(a)

??.4
6.5

13.0
3.6
6.2

41.1
4.9
3.0
5.4

a3. g

4.3
8.5

l7 .5
e7- 5

3.3
?.9
a.l

L7 .7
a.8

3.2
1.4

l5 .7

(4) 4. E

t

(3)
(a)
(a)
(a)
(a)
(a)
(a)
(t,

METHYL IIO^IANOATE
HETHYL OCTA0ECATToATE*

I{ETHYL TETRADECAi\OATE
*4€f HYL- [-PHEiiiYL- t -

METHYL 0CTAiroATE
METHYL SOI+EIAIE

}IYOROXYET}I'\NOATE
. METHYL-4-HYDHt-' 1 YttENZ0 A t E r
oCTADECAN0IC ACrt-, (t)
PENTqpIi,rOIC ACIDrItr5-] (1)
PENTAf{OIC ACIN (T)
PHEt\,lOLi (a)
PROPA0I!'.IOIC ACrt.), (1,3-) (1)
SEOOHEPTI,LOSE AI-IHYDI.., IL)E IAOI.TOHYOA INE
TERTHt,T yL-4-r.!E THr! X y pHEr\0L, ( p- ) *
TETI{AI)ECANo IC Ac IL) ( I )
TOLUENE (A)
TRII,IEThYL CIT"IATE C5)

(3) 1r.;
(4) 16.0

(4) a.,
(3) 30.6
[3] 19.9

(4) 0.7

E INAL
TIHE
6 MIN

. "-.0 MIN
E:HIII
{ - l{ltr

lptrlEfHYLPHErv(tL,(2r3r5-)* (3) a.9
XYLENET (i'rETA) _ (4) 3.?
XYLEI\EI (oRTHt)) : .- . . C4) 3.1

-.XYLENE, (PARA) (4) 3.{
- --- -------_

TEMPER6 f tIRE PRUtiIiAI,!S FOR GLC:
COOE RAf{GE RAIE INITIALNo. oc oc rrHE
(1) 90-a60 4/MIt'r l|lIN
(a) 90-260 4/r.1lf! 0I|IN
(3) 60-260 4/ttIN 0l4IN
(4) 60-e0o ,r/HIN 0 PlIf{
STLAR 10C FLt)', RATE 0F l5 1.11_7rr,!li,l \IIF0GEN.
SE 30 FL0tl RAIF: t)F 10 PiL/'1Il NITF0GEI\
r=TENTATIVELY IDEIiTIFIED Iru A SAI.iPLE
EOF..

)

(4) A.4

t
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uLxture was drrouatographed. 1\ro addltional esters were ldentJ.fled as:

I)luethyl pinelate
Dlaethyl azeLate

lhe phenoJ.:lc fraction was silanlzed and the chromatograph revealed

15 peaks, ttrree rfiere teotatively identLfled as:

BEA
m-CresoL
Ieoeugenol

A eouplete list of coupounds were used as references for the

A.SQhalt drromatographs is given in labLe )CI.

Gas Extracted A.SUphalti

Vartous gas treatuents lrere eryloyed in thls study. Ihe resultlng

tar waa analyzed for eactr by the proeedures descrlbed. No new coryor:nds

{.denttfLed from ttrese chronatograrrEt .

tlhen treatc.d wtih Eydrogen none of tJ:e originally identlfled cor

pouods !$ere present. tlhile olygen and carbon dloxide treatment seened

to reEove nost of the coryor:nds lcith Longer retentlon tiEes, Little

else. was notable from these studles.

Liqutd Extracted A^SUphalt:

Seve,ral f-iquid extractlons were carrled out on ASUphalt and eadr

product was analy zed by gas ctrromatography. When mettranol rila,s the

sohieat, additLonal esters were ldentified Ln the ehronatographs. lhey

weBe:

l&thyl caproate
lGthyl heptanoate
Pyrocatechol

Dlstf.llates of ASUphalt:

' Several ctrrooatographs were obtained for ttre derlvatLves of the

heary dlstillates obtalned dr:ring ASliphalt production both from dlrect
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TAELE XI

LIST 0F C0Mp0lJN0s fl{ECKEt) FnE Iri aSt,PHALT
---;-----
'STANDARNS ATTEI,PTED frIIT fiESIILT

- li----- ------;-_SAMPLE: 
OPEfu 15 TAR IIiITIAL TEf"P3 9(, C

.!4ETHYL 
CAP,QOATE

METHYL i{EPTA'\J(]A TE
METHYL i)EC AI'.(IA TE_METHYL 

LAII(A TE
}.IETHYL ,qYR TSTATE

-.ME IH Y L .5 TE A I{ A T E

D Il-,tETHYL il A Lrli.r A TE
-DTMETttYL SIJSERATE
0If.IETHYL St,CC I iril TE

-DIMETHYL }'IALE/ITE
+4f I+f{L L Ji\l0LEiYA FF
-I{ETHYL LIll0LEATE
-METH Y L .8 E,\rZ rl A I E

-DIMETHYL ISilPHT}iAI-ATE_DIT,IETHYL 
TEREPHTHALA TE

BHT

3.
3.
8.

14.
17.
?3.
10.

irIN.
I'i I l,i .
TITN.
}IIN.
MIf\.
IIN.
PiII\.
lnIN.
taIN.
P, IN.
t,Ii.l.
I IN.
MIli.
MIN.
MIT.i,

0
6
5
0
5
E

I
t
6
a

I'JEGATIVE
NEGA T I VE
iIEGATIVE
t\rEGA T I VE
t\EGA T I VE
t\JE6A T I VE
POSIIIVE

. IVEGA TI VE
. 

POS I I.I VE

NEGATIVE
Q€6A T I V€
NEGA T I VE
POSI T I VE
NE6ATIVE
POSITIVE

22.
la.

.8

.6

.0

.2

.3

t4
2l
e6
t2
27
e6

-SAI,'PLE: ACID FXTHACTIO:.J PRODIICT II'JITIAL TEMP.6O C

5.5 14I N.
25.3 r-'l rN .
3tl .6 ,,1 IN.
30.2 ,''l !l\!.
a0.2 iiiff'.i.
e9.6 trIFi.

a

METHYL HEPTAhJ(IATE.DIMETHYL 
SEBACATE

DIMETHYL PHTHALATE
" I.IETHYL OLE A TE
I}IMETHYL PIl'IELATE.DIMETHYL AZELATE

-F-CRESoL - *---- '7.
SEo0HEPTI,LOSE A|il"tY0RIDE - 30.
*guArAC0L -..t0.
BHA I

NEGA T I VE
IIEGA T IVE
POSITIVE
fJEGAIIVE
POSITIVE
POSITIVE

(?)

NEGATIVE
NE6AT I V E

I{EGAT IVE
iTEGATIVE
POS I TI VE
NEGA T I VE
POSTT IVE
POS ITIVE
NE6ATIVE

t SAMPLE: PHEi{OLIC EXTiTACTIOTI PROOLICT INITIAL TEI.tP. 5O C

8H
6 l'i

t[l
?Pl
5 t"l

3 i"r

8M
I t'i

0 tvi

I
I
T
0
9

I
a

a

a

a

a

rN.
ffY.
rN.
fi,i.
fN.
Iiv.
ff\i.
Ili.
IN.

-I,fjCRES0L
ISOEUGEIJOL z
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proeesslng and from the TCE solvent recovery distlllation. A total of

13 coryounds were ldentified by drrooatography of the derlvatlve m{xtures

of these distlllates. he eompor:nd.s identified along wlth those trled

are gLven la Table XII.

h,structive Di.sti1l-ates g[ A^SUDhalt :

Pyrolysis of ASl}phalt resulted in liquLd distlLLates whidr were

derlvatLzed and drromatographed. Fi've coupouads were tentatlvely

ldeatlfled ln these samples. fttey are:

" Dinethyl adipate
p-EthyJ- phenol-
lGthyl paraben
Isoeugenol
BEA

Reference Materials:

A saryLe of Delta 2656 AsphaLt was derlvatized and drrouatographed.

llhe resulting ctrromatograph inad 22 peaks. Direiryl succinate and

dlnethyl terephthalate were the only substances tentatlveLy ldentlfled

lu asphalt.

Saryles of ta1l o11 fron crude to llght fatry acids were anaLyzed.

trre drronatographs revealed fron 17 to 27 peaks of whlch a few had

sin{lar retentlon times to ttrose in ASUphalt. Norre of the peaks were

those Ldentified in ASIIphalt, horrever. Ihe presence of the Cl-8 fatty

acLd.s was confirmed in aL1 the tall o11 samFles and was consplcuously

absent in A.SUphaLt. Ihis aLong with the differenoe in soh:bllity was

taken to indLcate that ASUphalt was significantly dlfferent from ta11 o11

and uo further work was done.

' Pyrolytlc olL produced by the Tectr Air process was also derlvatized

and drromatographed. Several peaks siniLar to A,SUphalt were observed

a

a

a
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TAtsLE X I I

. GLC STI'OIES OF THE NISTILLATES OF ASIIPHALT--:-:---:- --;-----
-SIIIIOATIO A T TEI.,PTED IIRT RESULT-;;-----

-------------- --
-METHYL PENTANOATE
METHYL OLEATE-DIMETHYL PII,IELITE.OIMETHYL 

PHTHAIATE
-OIMETHYL AZELA TE
'l,rETHYL hEPT At:(jA rE.OI}IETHYL 

SI.ICC IruA TE.METHYL 
CAPROAIE

-o-HYDR0)(f -1, $-
-0IIERTBt,TYL PhEN'OL
.ETHYL PARAdEN
-METHYL PATT.ABEN
-e; 3e 5; TR I rrE rF{ YLP HENoL
-PYROCATEcHOL
-6UA I AC0L.M-CRESOL
.O;ETHYLPHENOL
'8H r*VIru 

ILL I rv
-P-ETHyLPHE,{OL
-O IMETHYL TE iTEPH TH AL A TE
-P-CRE S(lL
-J1 4-0 IhYoROXYLBEITZOIC ACID
- 0-CRES0L

e0.0 MIN.-i7.9 tiIN.
I l"lIa\.
2 !iIt'l.
a Mlrti.

7.6 l'lIf'J.
9.3 M IN.

?3.e PrfN.
19.0 l'1I,'J'
10.3't4rN.

6.0 fuItt,
27.7 t,|f li.' * 7.3 t'l [tv.

--- -' 3.6 MIN.
29.8;'1IN.-- a5.a eIN.'-33.5 MII';.

-.. POSITIVE
TTIEGATIVE* 
POSI TIVE
POSITIVE.POSITIVE

ItTEGA T I VE
.POSITIVE
I.JEGA T I V.E

POSITIVE

POSITIVE
POSITlVE
POSITIVE
POSIIIVE
NEGA T I VE
POS IT I VE
POSITIVE
I!E6ATIVE
POSITIVE
i{EGA T I VE
NEGAT IVE
i{EGATIVE- ..NE6A TI VE.. 
f{E6ATIVE

a6.5
5.6

16.8
4.7

25.9

rlIf.i.
MIlv.
mf tJ.
MIlv.
I.4 I N.

2.
15.
10.

a

-HEPTANOIC ACID_F|EXANOIC 
AC II) 5.9 MfN. NEGATIVE

a

t

!

t

'u
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but noae were ldentlfled. Ihe soh:biLity of tl:e pyrolytlc oil was

known to be quite different fron .{.SUphalt so no furttrer work was Per-

forned.

Su!@afi of GLC Studies:

1A.e data sumarized here whiLe ouly partially coucLusive represeots

ove,r 400 hours of work Ln the lab. In aLL, 9 coupor:nds were tentatively

ideotified in AStlphalt as being either dicarbo:qyl-ic acids, pheaols, or

both. Ihree addltional coryor:nds were found in the tar utrieh had been

extracted with mettranol, two lDonocarbo:rylic acids and one phenol-.

th.irteen coryor:nds w€re tentati:}y ideatified in the distlllates and five

ln the pyr.olysis products of ASUphaLt.

tJri.s infoz:naEiou ao defiaite coacLusions about +" cheuietry of

the productioa of A.SUphalt can be drarsn. It does provide a general

kaorledge of what ls preseat and tends to indicate that tJ:e A^SUphaLt

would be less stabLe than asphalt in r:se.1

I

a

",

_:.-'--*_"-rt
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