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Abstract:
This thesis presents the respite of the analyses of the byproducts produced by the low-temperature coal
carbonisation project.

It also presents the design of a coal tar still for the commercial plant of the project in Red Lodge,
Montana.

The first chapter consists of coal, coke, and sulfur analyses with the drying test of Brophy coal from
Bed Lodge. Coals from Norway, North Dakota, Colorado, Utah, and three different Coal mines in Bed
Lodge, Montana were analysed. Various cokes produced by the batch-, the pilot-, and the commercial
plant were analyzed. Sulfur analyses indicated 1.57, 1.31, 3.55 and 3 per cents of sulfur in Brophy
Coal, in the coke, in the tar, and in the coal gas, respectively, A drying test of Brophy coal showed that
it has two constant drying rates after the falling rate period.

The second chapter deals with the by-products formation from various coals with the correlation of the
carbonisation temperature, The results were discussed of the amounts of the by-products produced
from coals mentioned above. Special studies of the by-product formation from Brophy coal found that
the best carbonization temperature was between 1100°F and 1200°F in. order for the coke to contain
less than 5 per cent volatile matter, and for the maximum yield of tar.

The third chapter consists of the coal tar analyses and the design of a distillation still for the
commercial plant. The properties of the tar after centrifuging at the plant showed the necessity to
reduce the light. Oil content under SIO0C and the heavy oil content over 355°C in order to meet the
grade A specification of creosote by American Mood Preservers' Association for coke residue, For the
design of the distillation still, attention was paid to the water contained in the tar, and on low fuel
consumption. The plant consists of two stills, two condensers, one heat exchanger, and a steam boiler.
It separates water from the tar and produces about 39 lbs, per hour of light oil, 442 Ibs, per hour (52
gals, per hour) of creosote* and 72 Ibs, per hour of pitch. This plant can be operated in any intervals,
but the steam boiler can supply steam to the coking plant operation regardless of the operation of the
distillation still.
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'but the steam boiler can supply steam to t
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ABSTRAGT

This thesis presents the resuylts of the analyses of the by-
products produced by the low~bemperature toal carbonization project.,
It also presents the design of a ¢oal tar still for the commercial
plant of the projeet in Red Lodge, Moribana,

‘ “The first chapter consists of coal, coke, and sulfur analyses. .
with the drying test of Brophy e¢al from Red Todge. Goals from .
Norway, Nowth Dakota, Coldrado, Utah, and three different coal mines -
in Red Lodge, Moentana were analyzed. Various cokes produced by the
batch~,” the pilob-; and the commercial plant were analyzed. Sulfur
analyses.indicated 1.57, 1,31, 3.55, and 3 per cents of sulfur in

Brophy ¢oal, in the coke, in the tar, and in the coal gas, resPeéﬁiir‘éli;

Y

A’ drying test of Brophy ceal showed thaty it has two consbant drying

rates after the falling rate perivd,

. .The second chapter deals with the by-products formation -from
varions coals with the correlation of the carbonization temperaturs.,
The results. wore diseussed of the amounts of the by-produgts preduced .
from coals .mentioned ahove, Speeial studies of the by-preduct forma-
tion from Brophy coal found that the best carbonization temperature
was: bebwaen 11G0°F and 1200°F in order for the coke Lo comtain less
than 5.per cent veolitile matbter; and for the maximum yield of tar,

. The third chapter consists of the coal tar analyses and the ,
desipgn of a distillation still for the commereial plant. ' The properties
of the tar after centrifuging ab the plant showed the necessity to re-
duce the light.oil content under 210°C and the heaty oil content over
355%¢ in-order 4o meet the grade A specification of creosote by .
American Wood Preservers' Assotiation for ¢oke residue. For the design
of the distillation still, attention was paid to the water contained

-in' the ‘tar; and on low fuel consumption, The plant consists of ‘two

stills, two condensers, onhe heat exchanger, and & steam boiler. It
separates water from the bar apnd produces sbout 39 lbs, per hour of
light oil, 442 1bs. per hour (52 gals, per hour) of creosote, and 72
ibs. per hour of piteh. This plant can bé operated in any intervals,
he ¢oking plani opevation re-

. gardless of the operation of the distillation still.
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el
INTRODUCTION
- Momhana is called the "Treasure State"s This might be true
as far a.rs‘ 'silvér and gold in the early da;‘rs‘, and for eopper, zing, and
manganese at the ﬁ:rese,nt time, ,S{bweve&', it would be the ‘Treasure State
with :ubs vast and Vamed coal resmz»ces A 3.f the grade was high enough -
to meet the requwementﬁ of pz‘eseno :mdustmes in the United Stat.es; .‘~
i’ram econamleal ﬁempomt» o o , .4
The law grade of- ‘r.he coal: has been the bnttle neek in the px'o«-

mot:ion and deVelopment of ¢oal min:mg and toal n.ndustmr in Hontana,

Ancther d:.sadvantageg industyy has been changing ita power source i‘rom |
ceal b@ petroleum, electricity, and may passa.bly make use of nuclear
energy in the fubure.
| The orlgir;al. purpase of the low-tenperatilre earbonization praaec-b L
at 'bhe Ehgz,neermg Experiment Station of Montena State College was 4o
investigate the possibility of establishing 4 coké industry in Montana.
In spﬁ.%e‘ eﬁ‘ the disadvantages and nétural,trend mentioned above, this
pmjacﬁ has w‘;he following advanbages ln Hen“aana and surrounding areas ,
such as the readlly avamlable markets of vamous smelting industries. 2
the low t:ansportamcn cost, and ample supply of yaw maverial. .
. Having ;mhemj&ed a similar work of carbonization of Montana é,:a_é_l’ :
in Mélisgcarie‘., ‘Montsna from P,D,P, Frpcess:‘mg; Ines, this project was '
started in '195% The early works of this projeet were done, first on
the :éoﬁsti?uc;tion of the prime experimenting apparatus by Rudy Herzel
(3) and the investigation of various types of cosl with the apperatus

by "Gnrdoz; Smith (5). Second, this -pmjaa‘iﬁ was developed with the design




B
of a continuous charring pilot plant by Robert Quesenberry (4) and was
operated by John Goodenbour (2), The third stage 'of this development
was done by Allén Ackers (1), vwho designed a commercial plant of a

continuous low-temperature carbonization in Red Dodge; Montand: Since

‘b'heé’e iﬁvéstiga.tionS'Were-moStiy subjeeted to the production of metals

'\

lurgical grade coke, it woyld be natural that the fourth stage was ta ‘ =

.,nvest:.ga.ﬁe the u*bxl:.zatz.on of its by-product, tars

Althaugh eoal snd its depivatives were well»%mm f’wm ancmni; R

times, the compos:ubn.en of caal a:;d the campanents of the by-products .
‘are scarcely knowm eﬁén at the present time. However, vegardless. of

whéﬁhér ‘ﬁhe tar is the main product or the by-product of the coal dp= .

' dustry, the importance of the tagy can ’oe proved by the faet that afi_mast,

all oi“ the substances in the tar, like naphthalene, can not be prodiced
by any. commercial synthetic methods at the present time, or possibly
in the fubure, and that the washing ¢il at the benzene yecovery plant

of ¢oal industry can roh be made from any source other than coal tar,

'Therefore, the primary expériments of goal by~products mush be carefully

investigabed in order to lmow the amount of valuable by-products from
‘ This bhesis congists of three parbsi fivsh; the analyses of eoal,
aoke, and silfur; second, ‘the analyses of bgr_a»preducﬁ formations from

vézvious coals and the t;orrelahi-oné of the bywproduct formations from -

" Brophy coal with the carbonization températiives tﬁird, the specification

the boiling point experiments of coal tar as the fundamental re-

search of the tar distillation eolumn design.




v

| I

-
: The apparatus with whlch this theszs is concerned is 1ncluded

in three different types of cokmg plants, F:Lrst is the batch plant,

. F:,gures 1 and 25 ealled a small ret;c:rt 5 seaoml, the P‘*Da.lh pq.lot; planﬁ

at Montana. State Gollege shown in Flgé 3, th:.rdx the carmnercial plant
at Red Lodge, Mont. (1), whlch :z.s now fm operation with the modzf:.ed
design of the ‘above pila’o p;anta . ‘

Because the commercial plant is proposed to ut:Ll:Lze Brophy coal
at Red Lodge,z the data in this thesis are mainly concerned mth tms
gaa} and its rio;sr---vaeaduc:’ws.2
,‘ In this thesis; the term "coke” is used ‘when, refermng 'to a coal
whz.ch agglomera‘bed when carbonizéd., If no agglomeration or .f,us:.ng
tal;es; place during carbonization, a sﬁxjia.te?:(i, produgt usually ;;fesults

and this will be called "char',
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Section I

-bnalyses

Introduction
. in any proééés,;infins?;m the material balance is the f;'imdaa%. o
me.nﬁa'i-i'éqtiireﬁénvt of :ité bpérat.iona This beg:ms from the analyses
of .{eeding matemal and, ends to "bhose oi" final produc‘hS.

Al‘hhough the mater:l.al balance of the eoking pilot planb aty

' ) Monbana State Gollege eould not be completed thls year due to the '

unsteady Gperatn,cns caused by the inconvenient coal - d coke stoni.* SRR

o ', age f:acil:z.tles B bh:Ls section descmbes the sa.mPling methnds of coal -

: j" and coks, ’ahew proximate analyses, and the sulfur analyses of

T Lhem.?

II.

. Sampling Methods and Preparation

A, Samplz;ag methods

 Because of the criticlsms made of the authort's analyses of
North Dakota lignmite coal, the suthor reviewed several references '
on standard sampling methods {2) (L) (9) {13). However, the author
found these methods were too complex to use at the ‘plan'bl; and
ther.ei‘ére did not use the. Also;, another reason was that the.

coal at the plant. should have enough mixing history during its

transpoytation from the mine,

. However, for the coal or coke storage pile, several points

were chosen for taking a shovelful sample from ¢ach point and the




'}vere usuall; applied ;md gave sat:.sfactory result« Sy

| g
total weight of these samples was appre:ﬁanaisely 25 lbs,
Durdng the plant bpera’tion, the sauple of coke was taken at -
'the ou’sleﬁ af water~gooled auger ai; proper time inbervale.
B, Preparatlm _
Althcugh standaz*d equ;.pmentrls necessary fozﬁ the preparatlon

a;t‘ a sa.mple a.ccox*dmg to the As'm mathads, the fallomng pronadures.':.. .'

F:,g, L shows f-he larges’a paz:'tlcle size in a satrple with :«:i:s

N amount; recommended 44 the reference (2)s
l's. Goal '
& miams}@m- Pirsh, 20 to 25 1bs, of the 61:1;%1&1&1
spmple was ’pas‘Sed through a Jaw cyusher thz*‘eé times, re-
ducing the largest size to approximately a half inch,

be Goffse-mili type of pgrinder: Eess than 300 gi p of

ground coal was tyausferred to g small coffee-mill type

of grinder redubing the sige fo finer then 20 mesh. This

was imfiediately stored in an sir-tight conbainer lest the '
meisture shonld detreage or inerease,.

&» Small Riffle samplers Sometimes this sampler was ¢on-

veniently used, bub wsually the air-tight conbainer was
- shaken Just before a sampls was baken. .
2., Goke
| Preparations similayr to those used for coal wers . |
applied for coke samples, for use of the jaw bméhem
,The géomd sample of coke was plaeced in an ajr-tight




ITL.

- w:.th h:tgh molecular weights by the coallflcation ?eaﬁtlénsq At.te:npts

Qs

. .i)ani?air_ier' because coke easily absorbs meisture from outside.

vﬂ.éal' An‘aiyaéé '

The pmneipal elements m coal are carbonﬁ a:wgeng hydregen; RO 3

ni’brageng aﬂd F1 port.:mn of sulfur cambmed in ‘&rery cﬁmplex molec:ules

to ;Lsclaﬁe individual oz-ganm aompcamcla in ccal haVe been a.lmost

' eni;a.rely unsuceessfulﬁ

Thereforeg the pr:c.mary met-hods for the arxalysas ef coals are

. the prommate analysls and the ulﬁzmate analys:.sa The f-‘omner is

most. mdely empleyed for mdnstmal use because it is a qtiiek and "

casy me‘bhod for an anal;y’hica" Mboratory mth average equipment.,

The prommate malysis descmbed :m a buil let.ln of the U S,
Bureay of Mines (6) was. mainly used here; ?‘ahdugh slight changes

were made according to the variation 0@_&}??3:1—_‘&’51&5&

A, Proximate. analysis .

.The weliacleaﬁed porcelain ¢rucible (.15 ¢.Cs) Was used for
the gontairer of aboub & one~gram sample, Weighing was performed
by the four decimal balance ﬂhmugha&%; the analysis. Fach sample
was tun six times.

1. Moisbture

There are two kinds of moisture analyses (9): ong ig for
the primary moisture on the surfage of the eoal, the othey _
is for the secondary moisbure in the coal, The first analysis
requires a heabing period of 2i; hours at 5098, Although the




=30=
‘iaﬁiz‘zzaw'moistwe analysis was used once with the drying test
. for %,h'e“ ground .qo_a,l by a ,j.,é,w erusher as :shmyr‘x in Figures 5
and 6, ué{qally t{hg‘moisb-ure in the ¢oal was m;aas;zred by put-
i;._ng the cmeib‘le' cohtaining ‘the sample inilso a constant _
, | ‘bem;yerature dryer ak 160% for 2 h@ﬂws, I':Lga 7 shows ttze . o
. mm:a.mwn reguired drying period of abaut 1.5 hourse

The difference be’c.ween the eqw.ln.br:_um mo:.sture contents

o irz Fn,gums 5 and 7 was causee% by the reducba.ozz of the pari,:lr:le

size, as Fhe, \E‘ef?erenee (2) mentmmsb ’l‘he same phenomena ,
‘occured mﬁh ‘bhe analys:Ls of Brophy eoalk as shom in Tablé I.,
| 2y Vulatlle maﬁteﬂ‘ , | N
| The Huffle furnace bullh By Gordon F. Smith (11) was come.
venien-n:hy nsed for this snalysis at 800 + 25°C for 7 minitbes.
3+ Fixed carbon ’ '
This was debermined by the dlffarence of other ct;amp@nentsa
4o Ash _
The same electrig furiace as for velatile matter was used
with air supply for over-night., '
B, Discussion of vesulbs
Table I shows the. data for eoals from Nerway, North :f.:ia,l»:ei;aqv
Colorade, Utah, and from three diffeyent coal companies in Red
Lodge, Montana, Special analyses were made for 42 different care
load samples ot the request of Brophy Coal Gompany in Red Iodge,

Montana..
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' ‘Ganeeming- the sé;mnercial earbcsnizatiéa plent designed for -

use of Bmphy regular coal, the average analysls of its coal :LS

' Ts 62 per c-ent mo:;.sf.w“e, 33 85 per cent. volatlle matter} 50435 PeE.

cen'i; f,Lxeci «xe.:t‘ban, amd 8(518 @er cent aﬁha _ Thaugh the values fer

_ .Bmphy i‘me ;:oal are different from these values of regular coalﬁ
- the consisyﬁncles are shown on dry basz.s in Table IT. Therefax#e,
s 8 speeial a%em;ion has to be paim to ﬁhe dvying of the fine ceal

o before i:bs use in opemtian, thus lessenmg the dlff:gculty in

- separaﬁmg water ;Eram bar,

Tho t:mt.lclsrn of az't analysz,s of l\forth Dakata, hgnlte aeal

_ mermmned in 8ec1:.ion I-11<4 must depend on the, different sample

and nob on ’che $au1p}ing methods in the authorts ;Labomtory, hew. .

_ cause not only the values on web basis in Table I are so dz,ffereniﬁ

.from eath other, it also the values on clr;;r basu.s in Table IT ave

very different,

'

The analysis results on Montaha Ivon & Coal Oo, are peor in

volatile matter and ash contents compared with Brophy coal, even

though the two éompam‘;eé are in the samg location,
The resulvs of Goloxado ¢oal and %itgh 408l show higher wolabile
matber content and less ash content than those of Red Liodge, Monbana
coalé, ' .
Gy Screen enalysis of Brophy coal
. Table III Shows the screen analysis of Brophy fine eoal. Aoy,
57 pex cenb. is larger thon 3/186"%, 7h per ¢ent is larger than 3/327,
and 83 per r¢en£ is lamgeé than 3/6L7, |

)
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Qoke Analysis

The same methods as for ceal were applied for coke analyses
aecording to the bulletin of the U, 8. Bureau of Mines (6), al-
though the moisture was measured oenly for samples from the .storége' .
pile. lLater, the molsture snalyses were required for the samples
frbmfsbhé iP,i:B.;;PQ» pilot plant operatien, because the coke in the
a,uger wag sprayed with water before sampling,

In thls paper, ’ahx'ee coke snalyses ave listed, two of them in

’.i.‘-able- ':;Evg on,e: on Figures 8 to 15, The fivst are the analyses of . e i

¢6;:e,_ prbduggd by a small vetert, the second of coke from the stm:c;*ﬁ_. |
age pilé’:, produged by the P.B.P. pilot plant, 'The third are the
analyses of the volatile matter in the coke during P.D.P, pilot

A plan'&' operation, This volatile mdbbter variation is cempared wi‘bh S

the ather variables of the plant operation.
A, Ana],;mes of coke produced by the small retort

'ﬁ;‘;he' results of these analyses will be discussed with the pro~
duction of tar in the next chapter.
B. Analyses of coke produced by the P.DiP. pilot plant ‘

| ‘l‘he'analfs}ses of this coke were gampled from the storage pile,
s0. thab -the data in Table IV inelude the moisture analyses, -Alaég_ o
these were converted to dry ba,Sis'f*o'%? the comparison with other
apalyses,

< On dry basis, the analyses of coke predu'ce& from Brophy regular

¢oal show the fact that the volatile matter in fine coke is less -
than in coarse c¢oke, and the fixed carbon of fine aeke :Ls larger
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than ﬁk:ia"b of ¢oarse coke, This might be caused in the carbon- |
i,zg’c.io.;a“ period, _;becanz_se fgi;ae' c;bal particles would -bQ easily, carbons
ized and volatize its gomponents, The analyses of ‘the. coke pro-
rmced from Brophy fine eoal alse shows abou'ﬁ the same resulis as

fp_r the _;E'ine coke from Brophy regular coals Therefore, a briqueﬁ. o

process’ of fine coke may be possible in the fubure, if the e{aeonémi:i;f ‘
-Si"‘buaﬁion ,permits.s Usually the fine -eske involves less moisture o

'“hhan uhe coarse coke, This is cauged by the difficulty of, mm.aﬁure

vapomzation in poreus larger coke, ‘

Gq Volat;le matter anal;yses of goke frt;m the . pile‘l.- plan't opera.tn.an‘
Figures 8 to 15 ave the graphic emressions of volatile matber

pércen*bages versus time, compared w::hh the heat ‘blower temperature,v '
,aarboniza@icn temperature? the feed gas rate, and the auger speed,
’I‘hé., purposy of these graphs i$3 firsb, to find the correlations

among the variables; second; to find the most effective variable

on the volatile matter changes third, to set the limitationsg of

the variables, Although it.is very hard to predich.from these
short periods m‘{ plant operation, and from the few data on the
auger speed and, volatile matter, the writer summari zes the results
and recommendations from the investigations of the lfiigures -85 belows
"1, Correlations |
The volatile mather first depends on the carbonization
temperature, and the. temperabure de,éen,ds on the feed gas rate
and the auger speed. The temperature and other two factors

are restricbed with the upper Iimit of the heaﬂp blower temp-
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erature not to exeeed 1200°F,
The change of the feed gis rate seems 10 appear more

vapidly on the heat blower temperature rather tham on the

' carbonization bemperature, Conversely, therlatter is mare

"ea31ly affected by the auger speed, -

Therefore, though the velat11$ matter; of course, depends

. o the carbomzat.mn ﬁemperatura, 11; also largerly depends -
. on ths auger speed. Namely, a slxght change of the auger

. speed seems ta have considerable effect on the volatile

mattero

I‘b i¢ the duthoris op:mitan that the speed of the auger |

" is'not a neg’ligible factor and should be recorded in the data, .

The qhange of the carboniretion temperature seenis o ap-=

" pear on the volatile mabber about 3(3 to 60 minutes 1a.tem

This means that the travel of the ¢oke takes thot mych time

from the middle of the vetort, where the thermocoupls of

carboriization bemperature measurement is located, to the oute .

let of the auger.
Therefore, %:.héﬁgh. thé previous researcher mentions about
15 o 20 minubes for the required savbonization periad. {»1])7?‘

the author expects aboub 60 to 90 minutes for the éntire petis

dod of carbonization from the top of the rebors to the outlet
‘of the auger, Thie typical example is shown én Pigs 9 at the
- change of feeding coal from Brophy regular ¢oal to Roubt éoal,
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Although the change of the feed gas rate appears on the
temperabure of the heat. blower in a half hour or so s the

ghange in the carbonisation temperature dees not appeay for

- another 30 minutes.

‘Therefore, combining with the required time period From

- ‘the carbonization tempersture to the volatile matter, 30 to
60 minutés, the total time lag between the changes of feed N
gas rate and of the volatile matber probably ranges from G0

| o 120 minutes.

However, hecause the change of the auger spéed appears

on the carbonization temperature in 30 minutes, the total time

1é.g between the auger speed and the volatile matter changes
iﬁpmbably',éﬁ 6 90 minutes,

The volabile matter change of Run No. 10 is fairly smoebh,
but the total average is higher than those of other NS, |
even ithoﬁgh‘ the carbonizabion tempevabure is about. 50 to 100%F
higher than others.

This might be caused by seasonable w_ea't}herg that is, mosh
of the heat supplied ﬁas co.nsn;n_ed for preheating_' and drying |
of goal web by sﬁow, Aitvhcugh. there is no data on the auger
speed, if the same speed was applied as before, the carboni-
zation period Iwas nol long enough for wet coal in winter.
Probably in ¢old Weathefg; the carbonization zone g¢ould go

down close to the hottom of the petort.
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The seasonable change also affected the gas feed rate,
Compar:mg F;Lg., & with Fig. 15, » the ga.s foed rate of the latter
is about’ dauble the fermer, to get about the saie vola.t:;.le
mat.ter percentagea Namely;, the same pexeentage of volatz,le

matter in summer can be ob‘c.amed with less gas feed rate and

' 19Wer carbem.zabmn temperatuwe than in mnteru

. 2e Vamables

As mentloned above, the most effect:.\re ‘\rarn.able on the

velatn.le matter is the carbon:r.zation \‘,empe::c'at.i‘.u.zz'czar9 but the

‘ temperature Ms ‘affected mcore b;r the auger speed than by the

o feed gas ‘rate c':hamgeQ

Alﬁhaugh the maih purpose of the plant ope:c*ation is to
oﬁt-am a. coke with volat:.le natber :Less than ths 5 per aen{}
specif:;catlon s it tahes qu.lte a bib of time foz- informati@n :

regardmg the percen'ba.ge of volai;:a.le matter i:.o veach the ap«a

'era;torg for 'ins'tane‘e,- 1.5 $6 2 hours from the change of the

feed gas vate to the sampling, and 1.0 te :La 5 hours from the
change of the auger speed to the sampling. Alse, the analysis

of the volabilé matber takes at least oné hou:r,9 and ma;r be '

delayed to the next day.

Therefore » the plant opsrator has to guess fx'om the car‘btmu
ization *bsmperature what pez‘cen"hage ‘of coke mll cone out i‘rom
the augey m the next 30 to 60 minubes, |

Since the carbonizatien temperature cha.hge ig delayed

about 30 'ij,.o 60 minutes from the feed gas rate change and 30.

| L S
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minutes from the auger speed change, the operator has to judgs,
what will happen on the carbonmization temperature by the change
of the feed gas rate or the auger speed after the above time
period, - Alsog he must be able to judge what wﬂ,}, happen to .
ishe volaclle matver after 1 o5 to 2,0 hours ai‘ter the clange

-Qf t’he feed gas rate, aﬂd 10 to 1,5 hours a,ftef the ¢hange PR

c£ the auger speéd.’

The author consz.ders the carbonization temperature a mam
cor.ﬂ;ml indicators the heat blower tempsrature, & minor conitrol
indicator. The feed gas rate and the auger speed ape thv main o
control factors of the retort operation, the labber showing X
its change more quickly on the carbonization bemperatiire than
the former. .

The author would iikep if he could assemble enough data
on the steady operation, to investigate how much change of
feed gas rate or a.uger' spe¢d makes how much temperabure change _
on the carbonization temperature, and the same for the chonge. |
of volatile matter, '

3« Iimita$ioﬁs

The temperature of the heat blower and carbonization in _'
the retort are the two géntrol. imdicétors.g The former wag
maintained close to 1200°F and the .’L;aﬁiger—.beﬁweeh 1000°F and
1200°F, usually kee'ping_,%.he difference between them from 100

to 200°F, Albhough the =garb¢nizati?on-temper'ahure increases .
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with the increase of the heat blower temperatuve, the -cgrbozi-~

ization temperature was preferably keph under 1050°F, because.

~ the Heat blower beeomes reé hot& over 1200°F,.

Iicwever R considexﬂ.ng the results of the coke analy$es frem
small vetort experiments, the -a\iﬁh,c_rr»s opinion is that 105,99}?
is the border line to obtain the coke vnder the. 5 per gent

s@écificatﬁ,an, , ”hat 13, the réesulbs would be myeh berb“ber 3.f

- the best beﬁueen 1100 and 1Q90 P,

‘.h‘,:, . Mﬂé‘sce_lla:neaus

Concerning the results of the coke enslyses from small

Li_L

| v."bhe retart could be operated between 1050 and 120E>°I‘ » prsbabl;y o

retort experiments, the author thinks that most carbonizatien - . .

takes,plaqe wnder the m;iddle of the retort whers the thermo-
co.u‘ple_ measuring thé carbonization temperamé is located, o
Then, the retort will be divided into the following zones from
the top of the retor;:‘e first, the prelisating zone; second, the
drying 2zone évolving mosbly wé‘ogr; third, 'ﬁiae primary éarbon-
ization zone evolying mostly the light park 'cf ﬁhe volatile
matter; fourbth, Lhe carbonizabion wone aVolﬁ'ng the middle and
heavy parbe; and fift‘h,' the final carbonization zone -91?91‘!1@
mostly ﬁi‘bch and bar. '

Because the aubhor thinks that the final gone is impovhent
for produging the volatile mabber under the 5 per ¢ent spegifi=

ca.t:x.on » he desired to set anotheyr thermocouple in the zone

| close to the oubtlet af coke,
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- Figures 8 to 15 would be convenient for the plant opera-.
t:mn and shduld be dram during the operation. ‘From these -
: flmres it, nay. be poss:.bl,e bo develep a quality control ehart
' settmg the. proper limitations of the variables. B .
Thls year, due 40 the :.nterruptlons gaused by, consbruq:tzon
on the campua 5 The tohal plant opevation period for 'hak:mg i
data 1«ras4unfertunaﬁely very shorb, 386.5 hours, or aboub 16
ﬂ :Qays throughout the years Therefore, it is hard %o predz.ct- o
" the exach.factors fyom these data and it will be ne¢essary to T

analyze the factors in the figuwres from fubure data. .

:D. Analyses of ¢oke produded by the Red Lodge commergial plant

The results of the. coke produced at the commercizl plant in
Bed Lodge, Montena are shown in Table IV, - .

The values of the volatile rﬁé.’q.t‘eze on dry basis aye .i‘afn‘_«rlyl:imw
proved. compared with the vesults of the coke. produ'ced at the pilod.
plant 'bfj.MQnﬁana State College. The ’ma'in, reason is probably. the - |
use of a highexr gazﬂbonigaﬁioﬁ temperaiure at the Red Lodge -qome;?gial_
plant than a§ the pilot plant., The lower volabile matbter content o
a,léo‘ vesults. in. the higher fixed carbon conten® thén those of the
cokes. produced at the pilet, .planhﬁ

As mentioned before,. the volatile matter of coarse coke is

higher than that of the fine cokej therefore, there is less fixed .

carbon in coarse coke than in fine eoke,
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Sulfur Analyses
4. Introduction
In the chemlcal industry, sulfur mey Ee of the sources of
aofno'sioﬁg | Once during the author's experiments, the steam heat-
ing cg@per’ pipe in the tar distillation column was badly corroded
and m’ade-"it' necessary to investigate the sulfur' content in the "ba‘r*“
Alscs 5 -the material balanee of the P.B,P, pilot plant was beﬂ
:Lng :.nVestq.gated at the same time, 'bhe x’esearcher analyzed the
sulfur in Brophy regular coal and coke, trying to establish the

material balance of sulfur throughout the plant,

: R Analyses

Sulfur in coal usuelly occurs :‘m. the form of inorganic and
organic¢ compounds, and mostly as FeSp. The analysis of sulfur in
coals is classified into three kinds: total sulfur, incombustible
sulfur, combustible sulfur, depending upon the sulfur state in coal,
and pyrite, sulfate;, or organic sulfur, respectively (9), |

In this section only the total sulfur in coal was analyzed
following the ASTB& standard method (4).
¢, Data

Table V shows the results of sulfur analyses: 1.57 per cenb
in Brophy regular coal, 1.3l per cent in Brophy regular coke, and
3.55 per cent in the tar residue prodi;c'ed fyom Brophy coal.

Gomparing this with the values noted in the literature, refer-
enge (13) quotes 0.5 to 3.0 per g¢enb for Aﬁier-ifcan ¢oals now ubtilized
in industry, although it may run to 5 per cent in some western coals,.
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Referénce {3) shows about 1 per cent for Monbana coal and 3.5k per
cent for North Dakota lignite. Reference (8) shows 0.33 per cent
for Wyoming ¢oal; Ll.42 per cent for North Dakote coals |
Dy Material balance -

‘Figl;. >16-' shows the material balance of the plant and the sui; .' ,
furs The ‘data of the formed were obtained from the resulss of b' G
predﬁét-s aﬁalys‘es by small retort experiments. - Thée weight' percentx'
ages cf the by-products shown in the figure are repréesented by the
réctangulax‘ ares,

The ealculations of sulfur pereenbages based on the tobal
sulfur i;g'éh‘e original coal show the fairly matched results with

the values of the reference (13), On the obher hand, the mabterial

halance of the by-products at F.D.P. pilot plant would be within

the 1imits shown in Fig. 16
\

ang Test of Coal
In the coal (;arbonuation 1ndustxzy3, the water content in coal.

causes more heat consumption in the retort and the difficult seps

' az-amon of ;L’é fyrom the tar in the by-vprodua% recovery process, so

that a prehéating and dryirig process before &arbonizm;:‘ton might be

valuable, Alsa 5 far the Peﬁ P, carbopization ;proceas, a gas with

a hea‘blng value as high as 950 ’.Bd:.m. per ¢ubic foot of ceal gas

(13‘} isg pmduced at about 4000 to 5000 -fts/’con‘ of coal as desaribed
in the next chapter, Therefors, the awthor intended to utilize ‘

this waste gas for the drying of eoal, but he could not complete
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the design for the continyous rotary dryer,
The primary expef-iméntal results are shown in Fig_ures 5 and
‘6. Comerraing the dry:mg rate of coal shown in Fig. 6, the con~-
' $t'an'i; drymg per:Lod is nob shown bub the falling rate .period is.-
_ ﬂsually, aecordmg to the dry:mg ﬁhéez‘y (5)s there should nob be

_any eons’cant drymg pemod aftér the falling vate drying pemo&,

However, the reference (7) shows 5 constant period afber the fale .
- :Lm_g- vate period for the drying. esperiment of rice, and the re fe;?vv;
ence (12) shows the upward cutrve after thé falling rate period for

| :_'hh‘é, ﬁrymg of p,.a.ste; As mentioned in the latter reference, "bh'ass‘ o

‘ phenomena are eaused by cracking of the drying material and ek~

posing the new wetted surface to the drylng air. Thereforeg ‘bhese

constant rate drying periods of eoal iﬁ the authorts exper:o.menﬁ
wers prqbably caused by the same reasons as those given in the
references, |

The part of the stralghi: line in Fig, 6 is expressed as,
dx = 2,12x ~ O, 12 (L)
- b : '
where

dx = drying rate (Lbs. Hy0/br. lbs. of dry coal)
db :

X = free moisture donbent (1bs, flge/lbs.

of dry coal)
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Chapter II

BY~PRODUGTS FORMATION
' BY
LOW-TENPERATURE -CARBONL ZATTON




{J

L)

o O L)

,,__23_5
Section I
By-products Foynation frem Vapious Coals

I. Tnbroductior N
- The PTormation of substances in eoal ﬂymproduqta is usuailﬁ ’

thought of as the thermal decompesition of the volatile matters -
in coal.. The mechanism of the reaction ig difficult to dstermine,

'béﬁgﬁse.éf the high temperature of the decomposition, the bavely -
kééwn aheﬁi&al stodeture of coalQ and of the complex conditions

in #ﬁe coke~ovens Therefore, only a f@ﬁ“bﬁ the quantitgﬁiVe

relationships have besn investigated to date, especially for high- . L l"A

temperature carbonization,

- This chaptgrlis primarily concerned with the analysis of ﬁhe'
byuprpduets-cf lqwutemperaiure carbonization, Ib further_includeél
the gathéripg of the éeneral eon¢ephts concerning the amount of {he
byuproducts-aﬁd thelr rélaticnship§ to bthe carbonization temper~
ature; ‘ . .
This section will ﬁs devoted %o the analysis éf the Eyupfaaucts

from various coals,

" I1y  Experimental Procediyes

About 250 gr. of ¢lean quarier-ingh alundum balls were pladed
on the bottom of the small retort and the ground cosl was put above
this filler, The filler and grouwnd coal were separabely weighed

and reeorded before conducting the experiments.
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Three Variacs were set at the same watbages with a waty meter,
After all 'of' the apparatus were set as illustrated in Fig. 2, the
followz‘cn'g readings were taken at 15 minute intervalss the tempei-e
a-bure in the retort, *bhe bemperatyres: of the conta:merg and the .~
valume of the gas released. , ‘

nBJh.eri the gas was being released at a fa‘be of less than 0-002 :
ft3 per nu,z:m.‘t,eh the heaters Were turned off, and the tobal amount

of by—prbducts in each container was we:.ghed. The £iller and oeke

" were alsm ‘weighed together, and the Joss in welght was asswned

IIX.

ta be the by—-produets releaseds Sinee the first container cone
'i;aa_.ned a large volume of wabery the products were plaged in the ‘
centrifugal separator which enabled the measuring of the amounts

of light oil, water, and heavy tar.

Apparatus

The old small retort, which was used for over & year, was
com_pletely altered due to numerous compllcations, Onie example was
the plugglng in the fa.rst ¢ondensger by heav:y tay whieh caused
e;x'-mrs in by-products calculation: Another -difficulty was that
cbntrolling the power inpﬁt to the retort by an amueter caused in-
consistent bemperature disbtribution in the petort throughout the
experiment. " | | |

The packed column of the 0ld apparatus was further replaced

with condensers, since most of the hay mists remeined on the suw-

face of the packings instead of condensing im the containers.
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Tige L and 2 show the old and new apparatus for the. small
:r:etort expemmen’cm
“ i’he‘ method of %emperaéare control in the retort was changed
from am;pex'e to wabbage » since the smpere method fa:nled to give &
hnear functmri with the temperaturey '

© The ;heavy tar wa;s deposmte:d i thé.'fir-si condenser of bhe old .~ .~ -

' ‘apparatus s '‘even though the watez' leVel in the conlmg tank remained

1ower than the condensing tube¢ ‘lheref'ere 9 the eendenser wasg -

changed- to & vertical situation inmediately £allowiﬁg the autle%}

: ' Off the.-mtdrt to let heavy tar flow down easily, Also, the new -

'ISV',.-:

c@ﬁdenser"wa& made of. glass, which enabled the o,pératoz*--iso prevent .
the plugging of heavy tar in the entey tube and 4o change the

coolant to warm wabers Temperatures in the ¢ontainers were

) measureq,

. The condensers ab the outleb of the gontainers were Lo ensure

. ‘the condensatign of as much light oil as possible. Furthernore,

they were set vertical, for it wWas ofben necessary to force the
¢ondensate down by warning the outside of the center tubess The
last condenser being ,iarg,er than the o%:hers, was used £0 condense

21l of the light oil, This was not placed vertical beeause of its

original form,

Results of E:qpax‘imwt 5

The results , a8 indicated in Table VI, show the amount of by

products produced from vapious coals ab low~temperature carbon~
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ization. The daba on the amount of oil and water produced from

 Knife River Lignite and Roubt coal are nob lisbed on the table

sineé the old small retort was used throughout the experimentss

g A, Qoke

1,  Goke yleld

_ Although these data can not be cempaved with each obher

. due b0 the different 'c:ax-bﬁﬁizaﬁion temperatures; generally ',,,_ p

.s_paaking, Noxway coal had the best yleld of coke, aboubt 86 ‘
o per cent on webt basis. On the other hand, North Rakota lig~ |
nlte coal had the poorest yield, aboub 50 per cents The
yields from three coals ape. 69 per gent for Colorado doal,
bl per cent for Ubah coal, anci 63 per ¢ent for Red Todge;
Moptbana coal,
2y Goke analysis
On coke analysis, Norway eoal had the smallest ash cone |
tent of about 9 per cenl and thée highest fized carbon content
of about 88 per cent, The lignite goal from North Dakota |
produced the reverse reéults; that is, the largest ash conbent
of about 18 per cent and the smallest fiwed carbon content 6;6
about 71 per ¢ent« The values from the other three coals
ranged from 10 $o 17 per ¢ent of ash and from T4 to 86 per
genb of fixed evarben. Fop volatile matter, Norway ¢oke pro-
duced a fairly smell volabile matter content as compared to

the highest value from Golorado ¢oal,
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Ly 0il yield
Norway coal had a smaller oil yield than American coal,
This indicates that the Noyway coal is best suited for cokix’;_g
-goal b\.ﬂ% not for the eoal tay industry, |
' - Utah coal prodnced more oil than Red Lodge coal, One
- eé;planatibn may be the highew yvolatile matter econtent found _
| in Utah coal than, in Red Lodge eoal,
2, Specific gravity

The determination on the specific gravity of oil was an

approximation because of the dlffieulty involved in aeparating»' P

water from oil and of the small quantiby of oil produced, 'The
data on Table VI show that Norway coal produced .mere 1ipght .oi"l
' than American coals: The specific gravity of oil from Red .

Ledge, Montana coal was clos¢ to the specification value of

‘crgosei&ew |
G, Aoueous distillate

In the tar industvy, the separation of water from tar or light
oil is always a problem, Al*hhpug‘ﬁ Norway c¢oal showsd the lowest
water content, this was probebly due to the coal‘being’ ground and
dried before shipment, HRed Lodge coal produced twice as much water
volune as oil, DBesides the high water content being a probable
¢haracteristic of Red Lodge coal, the fact that the coal was re;- '
ceived coarse and web may have been the reason. Therefore, the |

separation of water from Bed Lodge ¢oal would be a problem in its
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by-products recovery process.,

B,

Gas

1, -Gas amount o

. The volume of gas prodused from Amerlcan eoals fell be~-
tween.&OOO to &000 ft3 per ton of coal.  In cOntrast. Norway

ceal praduced a gas volume between 1500 to 23@0’fﬁ3 per ton -

of coal. The data of Shreve (1) showed aboub 3000 o 4000

 ”£t? of gas produced per tOﬁ of coal for the low-bemperature

carbonizabion of Americsn coals, indicating that the vesults

obtaitied are probably correct.

'2,' Ap§r931mate:d¢nsiﬁyvof coal pas

The‘wéighﬁ‘losses,were gonsidered to be due to the
escaping gas. These losses were gonverted into the dénsity
of coal gas anﬁ $he resulbs eoincided with the values given

in the text of Babcock and Wilcox (3).
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Section II

By-produets Formation from Brophy Gosl

Introduction

This section eoncerns the finding of the mechanism of coal
carbonzzatlon at low-temperature, and -a comparison of the results -; .
wiﬁh the p;;-ev:.ous data ag cited in various literature, Furthemnore;.

s:.nce ‘the eé}m“nermal plant of P.D.P, ‘Progessing, Inc. ab Red Ladge, SRR

B Morrbana is uta.ln.zmg Brophy coal, these experiments were espeelally

devoted i;o the mvest:.g;atmn of the relationsh:!.ps of Brophy coal ) ' ;-"',; -
carbonizatlon with the carbonization temperature, -
The experimental procedures and apparatus used in this section.

were similar to those of Section Ts

Sqmaary of Resulbts and Discission
The results of by-products formation £rom Brophy coal at lows
temperature carbonlzation were tabulabted in Table VIT and graph-
leally expressed in Figs, 17 to 23,
A, CGCoke
1. Coke yield
hg shown in Pig. 17, though there are not 5o many data
gt high temperature, the curves of welght percentage yield of
Brophy eoke are fairly similar to those of the references,
szd, ag converting to dry basis, the eurve of Brophy c¢oke

very closely fits theu,.




J

)

oA ) L)

<30~
Although the yield of eoke, weight percent; at high
temperature earbonization beyond 700°C becomes constant, the

- : . -
‘percentages around 500 or 600 € varies widely. - For the P.D.P, -

plant eperation, the retort: temperature between 1000 to 1100°F

correspond to this region, Therefore, the temperature control

 dn this. reglon must be yery important in affecting thé:amouﬁt :
..o_f éo,k‘e yield, the other by-products yield, and the percen"hag_-e“
of '{rol’atile matter. This is because the coke under 5 peér -een_rl';g' '
','af,ﬁpecification value will be obtained over 600°¢ as shown

in Fig, 18, and because the oil yield shows the maximum vield .

around . 600°¢ p

As for the upwdrd part at low temperature; the writer

 vecalls the difficult operstion of Routk coal from Golorado

which included high volatile mabber, As the temperature dee

ereased uncier 1000°p, the‘lvolatile matber in th,e coke inereased
so rapidly thabt the operators ﬁoulé;not find.ihe,rightltemper+
a;tures for the desirable x}dié.t;ile mather contex,‘rb » 18 per cent,
This eondition also shéWa ubrin the curve of cdke.peréamtage,
Pig, 17. |
2+ Goke analysis

a. Volatile matter

Fig. 18 shows the volatile mabter content in coke
.veraus carbonization temperature. The points are seat-
btered over a wide range because the volatile matter an-

alysis depends greatly on the temperature and the time
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period in a furnace during the analyses, However;, it

would be noticed that the temperature around 500 to

- éOO G are the lowest temparature necessary to obtam
under 5 per cent volatile matter in ¢@ke.

- leed carbon |

Figa 19 shows the flxed carbon gonbent in coke

versus carbomzation temperaturm The results af Bmpﬁisr o

,qgal are about 10 per cez,zt lower than tha‘li, of the wefurs

‘enge, which presuiﬁably was caused by the higher ash con-

_tent. Although the curve becomes level at high bempers

. étureﬁ 75 pené‘ cént of spec_zifiea,ﬁim valug can‘be abtaiﬁxed -
. satiﬁ'»faﬁ‘bi?.?ii& aﬁ.'anar temperature over 500°C, |

| .e.,., Ash |

Figs 20 shows the ash content in coke versus carbons

ization temperature: The cuzve of Brophy coke ig'fairly'

. f£lab and is sboub one per cent higher than those ¢f the .

references,. Ib will be noticed that the curves decrsase
with deerease in temperatures The tobal amount of ash

in vnit coke should be the same, This faet would be
caused by the correlation with volatile matter percentage
which increages rapidly with tempeérature decreasse,

A comparison of the values in Fig: 18, 19, and 20
with the data of the P.B.P, pi‘iot plant operation in
Table IV shows that the latter on dry basis correspond
to the vesults of the small retort at abouk 500°C (930°F),
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B, 0Ll
| -l Oil yield
The results in Table VI show that more light oil than .
fa'r Was p;*oduce;d from o tg,x; of \cogl., ~This faet is the reverse .

of . the results in the reference (6}, . However, during the ex-~.

periments the amthor noticed bhat- the oil by-produet was haxd o

to ,sgpa.rate. from the waber and it was bard to. determine the .
density begause.thig oil always chenged its density with an |
a unknown factor,. vAlﬁﬁo, if the term "ar and Iight oil! were
. ‘ debermined according to the boiling point range, the samples
».oii’ o}i‘lﬂ ﬁere too small to.meke the béiling point test. There~
i’o'_m@_ Table VII shows a ,Icpmpar.ison of the total yield of oil
' - with the summation of tar and light ¢il in the reference .('6),;
. Table VII shows the ma;dmum tar yleld Lo be around 4009C -
for about 19 gals. of oil from one ton . of Brophy goal, This
value is smaller than that of the previous researcher (1),
bub it might be caused by the eonversion factor using dif-
ferent densities, .

Again, . the author would say that the carbonization temp-
erature around 400°C is also the important point for oil
yield,. |
2. Density of tar |

The density of tar shown inm Table VII is an estimation
because of the difficulty of the tar determination &b mention-

ed above,
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Assuming the densities of t,he'rei‘érenc_:es (13) and {7)
-for Brophy tar to be correct, the carbonization temperature -
., around 6OOQG1would:pradu¢e‘a»tar=whieh_meet$'With %hefétandara
specification of density, 1.03, for cressote,
‘The. aubhorts eéxperiences ab the:settling of tar'in a

o decanter were that some of it sbayed ab the fop, some at the

'Qﬁiddle of watey, and the vest on the bottom, Also, frequnﬁ¥y:'\h“fs_fr

ﬁ-é.pdmﬁignlof~ﬁhe toé;dr béttom.?eplaﬁqdfeach.otheﬁ{ This
 ;,ﬁgags,that,an iadirect ﬁatér“QQOIer 1s necessary instead-ef
‘:”tha pﬁessn# tar trap gt the P.D.P, pilot plant, and préferw |

.Jably@:a drying process for the -coal shanlg precede.the‘earb§n~r

ization process, ‘

N

G. Agueous distillate

Fig. 21.shows. the weight percent .of agueous distillate from

one ton of ¢oaly The resulbs are abowy 10 per cent higher than

" those of the peferende which. also affebted the vesulis of the coke

yield as shown in Fig. 17.

This high percentage of waber also requires a prebtreatment of
the eoal before carbonization because of the difficulty of separa~
tion of the tar in an emvlsion state from waber.

This élso emphasizes, the fact thab %ﬁe‘useraf a waker cooler

- at the dar trap 15 not convenient because the by-products already

include & great deal of water and the separation of tay from water

is a well-known pﬁoblemfin-the coking indusbry. The reference {12)
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ghows a sonvenient indirect primery cooler which the P.U.P, come
merc¢ial plant may be ab,lé_ to apply. .
Dg- Gas
| 1, Gas gmount |
Fig, 22 shows the amount of gas produced with a correla~
‘tioxi‘ of the ¢arbonization ‘temperatu%« . The resulbs are faip-
-lﬁ_vyréﬂl;l matched with the curve of the reference,
| : The increase in production of gas as the temperature -
- ingreases x",.s caused by the def:’ompositiaon of volabile matber -
':‘ in goal and coal pas. . This alse might be praved from the
yesulbs in Table VIT and Fig, 22, Namely, the higher bemps
.erature causes a move rapid decomposition of the. coal and
le.'-:‘>sens the yield of tar, and it also causes the. decomposifion
1§f '@:éal gas and lessens its densiby ag shown in réferénces (2:)"
“and (3).. o , :

According to. these results, the author questions the daba
eb:i;aingd, by the previous researcher (1), who obtained arouwnd.
7000 to 8000 £t of gas from a ton of coal, Presumably, his
e:fpe‘rimems used higher carbonization bemperature, sromd 800 -

to, 99@%;, though hé did not indicate the temperatyre,
2. Approximate densﬁ.tﬁr of coal gas
Fig. 23 shows the approximate density of cozl gas with
. the carbonization temperabure, Thls 'densi'by was galoulabed

by dividing the total weight loss by the gas volume.
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In spite of many facbors of estimation such as the bale

- ance error, the deposition of light oil in the condenser which

. was nob taken into ‘agcount, and the gae leaking, the resulbs . . .-

are fairly close to that of the. reference.

-Although the author could not peerm gas analysis; the

‘_,'Allghﬁer density ef eoal gas may be mdlcated by the high conw -

tent of the lighter gas compared to that of aiy as shmm in

the references (2), (3), and (9).

Mechanism of Low#I_'emperaﬁura Garboniéatipn
}Bégause of the compleﬁt;s; of coal substances and- cazr;bani'éati-on ‘:
conditions, usually the me;&héﬁi-sm of the geal carbonization is
nog pa;i& attention toy only the final products are considered.
| ‘Eh:ls part of this sSqtién is devobed to the analysis pf’ the

mechanism of Brophy coal carbonizatlon. As the am,c__)uu# of produced

gas was the enly me‘asuremeniz of time function, the following disw

cusgion is limited to the mechanism of gas evolution at 1§Ws§4bemp« '\
erature carbonization.
. The results of Run-No, 2 and Run No. 7 wers ﬁe‘glecte.a jn this

section because of their diseonbinuous heating period.

;‘h s Cupulative gas amount versus time

Figs 24 dhows the cumilitive gas amount versus carbonization
time, This figure shows the similar curves on an arithmetic graph.
Although the garbonigzation temperature of Run No. 3 is named as

585°C (the final veading), this temperature seems Yower than thab
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of other eiperiments. If the temperature is assumed to be 675°C,

‘there seems Some correlation between gas amount, carbonization

temperature, and carbonization time,
B:, Gas rate versus bime

Fig, 25 shows the vate of gas produced versus bime. The

- curves are similar to each othey and their characteristics agree . -

with the resulbs of wood carbomization in the reference (10).

For all of these curves it appears to the author that there

' are'ﬁﬁ;éé sﬁaggs on the carbonizafion mechanism, The first sbage
" is the time lag vequired for the preheating of thé retort, the

¢ondensation of water and light oil, The Second sbage s the steep -

inérease of the gas rate presumably caused by the primary decom-

:' pﬁgition of coal. The third stage would be the decreasing cuprve
of the rate sbill evolving the gas decomposed by the secondary
' ':c-'eac“eion .. |
s Gas rabe versus carbonization bemperature

Fig. 26 shows the progress of gas evolution with temperature, -

The distinguishing poink in this figure is that all of the maxinum
values are gathered between 400 to 500°C, and that they are similay
in having a slowly rising gurve at the front followed by a steep
par@ up to the maximan point,. Then, they fall to thelr final
carbonization temperature.. According to the experimental obsery-
abiaﬁs,.the aythor presumes that the space on the slowly rising
c¢urve was occupied with the water which condensed in conbainers
following its exit from the retort, Also, most of the light oil
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was probably evolved betwsen 150 and 300°C and sondensed in the
conbainers. Therefare, ‘the authar can say that the prim&ry de~
cémpositiog of eoal probably oceurs under 450°C,

ir there'had beén some devices 40 meastre the original gas

,ampunt and the ameunt of light oil and tar, their amounts would
©£ill up much of the space above the left side of the curves, and
| wvuld make symetvical curyes threughout the eafbonizatlan temperm
,: aturee dnd also, 1t would be possxble to draw curves for water; :

j. 11ght oil, #ar, and uncondens1ble.gas which mlght help to find the .
“nmmimum p01nts of Llight oil and tar-yme;dsq

'D,,eﬂarhonization temperature vepsus bime

7 Fig@ 27 shows the carbonization temperaﬁure inereése~with the

: tlme, _The cutwes show a similar increase for the ‘eumlative gas

amount, but they are not. in order with the earbanizatlon temper~

ature:g
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Chapter TIi

PRODUGTION OF CREOSOTE
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Section I

Properties af'&reosoﬁe

In@reduétibn .

Besides eoke as the magor produot of P,Q P. Processlng, Incq,
coal tar is a byuproducﬁ.

Goal tar ig & mlxturé of weny chemical eompoundsa such as  ,
hght 03-19 pymdine basas » phenols, naphthalene, anthra;:ene, heavy
oils, pi%ch, and ether camplex eompounds, Although the éharaeter-' |
istigs of eoal tar depend on the type of coal, the temperatiure of
carbonization, it is the most inexpensgive raw matér:ial for supply-
ing benzene, toluene, xylend, and nunerous other componnds to the
cheni cal. industyy,

However; the folicwing descriptions and experiments are
focused on the production of ecreosote from the coal bar ab low. -
tempetatﬁre carbonfization. |

The ecoal tar from low-bemperabure carbonization is distinguish-

ed by its low specifiec ,g'xravit-y and consists of aliphatic compounds
instead of aromatic gbmpouﬁds@.which:aréapreseht in eoal far prow
duced by high temperature carbonization, Fig, 28 shows the var=
ia@ions of coal tar compositions with carbonizabion bemperature,
High earbonigzation bemperatiure causés eracking action on the
olatile matter evolved from coal, As the carbonization Lemper-
ature increases, the loss of the valuable light consﬁiﬁuénts are

vaporized or cracked to gases., Fig. 22 illustrakes the effect of
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carbonization temperaturs _oh the amount of gas evolved,
Anether limitation is im the specification of ereosote,
ﬂreosote from weod bay was first used as an mb:.septw in E gland,
but with' the development, of the wood-preserviag, the coal-s-‘bar' ne.

&ﬁs‘tr’:‘,’-{as_, and the pebroleus industry in rvecend yearsy the. term

i cﬁeosﬂﬁe‘ ‘gradually cadie to be applied to the heavy dis’c;illa&es ‘
‘Erom coal~bar, and fhe. use. of the term has become more and more -

'e'xhended. Presen‘t.ly, it is commonly used 11‘1 referrmg 10 the d.w‘t.:n.l-(= 8 B

lates heavier than water from any "Z'.ar or. taz*-—llke substanées., ﬂreo« '

- sote;, therefore; is uswally named by specifiing its source, such ag.

eoal-tar ereosote, petroleum~tar creosote, water-gas ereosobe, wood-~ S
ta:z’ creosote.

Creoseﬁe has extensive uses in many fieldsr such as wood pre-

. sewatlon, fuel oil, Diesel engine fuel, sheep dips and disinfegt-

ant flmds, lubricating grease, blaek varnish, and roofing paints.

' -F&';g thege particular applications the consuters prefer their own -

specifications according to its use. ZEven for wood preservation,

| a nimber of spec¢ifications for amalyziﬁg ¢reosote oil have been

proposed and ‘ars in fopde. For instancs, specifications are pube
lished by American Woed Preservers' Assoclation; the American Soo-
ie‘ts; for Testing Materials, the American Railway Engineering Assoc~
iation, and by the U. S, Government,

As mentionéd above, this paper will ;Qg focused -on the creosote
for wood preservation according to the specifications by the Amer-

ican Wood Preservers! Association, because it is the main purpose
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of the utilization of coal bar produged by P.D.P. Processing, Inos

Spevifications of {reosote-foal-Tar Solubion
Wood preservation is a means of é?atecting timber. from decay

caused by fungi, thereby maintaining the original strength of the E

-wood, for 'a.long peried of bime, Goal-tar greosobe, becanse of its.. ol

long, successful seérvice, has been the leading wood preservative e

| For gsnerél use all ovér the world, It has been shown (11} thét’" s
' 7G%fb$”ﬁhe timbers breated by 4 to & Ibs, of creosobe per cubic .:

- foot of wood have rebained their original strength for four years,

éontrasted with untreated timbers after three years,

ks the specifications of the Amevican Wood Presepverst Assoes {~
iaﬁionm'enticns3 sﬁandaré creosobe is a distillate of coal tar
produced by high temperature carbonizabion of bibuninous coal,
The_charaeterishics of the sbandard ciessobe are specified by the
specification P 1-52 of the American Wood Preservers' Association,
However, coal-bar itself, the mixtures of creosote and coal«bar
hawre also been used for bhe sane purposes of wood preservation,
‘The reason for using‘éoalétar and the mixtures is to reduce the
price of the wood préservetives. The characterisbics of theé miz-
tures are specified by the Asgociation's specification P 2-5%,
Therefore, considering the coal-tar from P,D.P. Processing, Ine.,
as a mixture of cressote amd coal-bar, it is better to compaie

it with the specification P 2-51 lisbed in Table VIII,
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ﬂwiﬂg to the fact thaﬁ~éda1~%ar creosole is a gomparabively

eheap article, and that it is an wnattractive substance to the

esearch chemlsﬁ, 1ts composmtien has not been ﬁheroughly ine

vestigated;. The awbhor’s original assigament was to design a

dlstmllatlon column o separate ereesote from coal~tar, There-
.fore, zhe exper;ments ox coal*tar were foaused on the anestlgau
t;on.of the amount of sach fraction in the coal-tar.

A, ﬁpeciflcation of coa’«tar from the P, DmPe pilet plant.

o Table IX shaws the seVeral results of coalwtar produced aﬁ

_the PiDyP, pilot plant of Wbmbana State Qellbge and at the P.B.F.

cqmmerclal plant in Red Lodge, Montana.

1a nghﬁ oil from dlstillatlon columy

Light oil was dlstlllated by a steanm heated batch 8bill
‘whi.ch separatad‘watez from ¢oal tar.- Therefore, it is natural
-that the water content was very small; the specific graﬁity
was lighber bﬁaﬂ water, and 1&ﬁgeiquantiti¢$ of . light cén*
stituenbs were pr@Seﬁto-.HQWEVGr, as seen in the disbillation
analysis, some of high boiling fragtion were in the light oil, .
presumably caused by the local snperdhééting of coal bar on
the sbeam pipe. Though the fixed carbon percentage in the
distillaﬁlon residue was very hlgh; the tetal percenﬁage in
the light oil was very small bee@use of the small amount of

the dlstlllation,r951due@
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2. Tar from gas absorpbion column
The amownt of tar f£rom the gas sbsorption colum is

given in thé second eolumn of Table T¥. This tar was allowed

- to separate from water in-a.'laboraﬁgry decanter in a consbtant ° - |

. femperature bath for 2l hours, “Therefore, the water content; .
| .of these z_*gsulté is fairly éipse to th,é' s;wscifiﬁatiqn of

'éfé'ea‘ﬁatewcoalﬁbar solubion, The specific granrin‘s’v of the tar = °

: .-also meeizs the grad,e 4 regicn of the speciflca"bicn of the

American Wood Preserverst &ssocma’twns ‘

. Though the lwel:empez?atum c;voal,t'ar ,ha's.to show 2 }égggu
quantity of light fractien, the rgsulés ghow very few 1igﬁt |
oll comstituéents, bub d:oeis. show a large quanbity of distile
lation residue, which gives a high coke residue. pércent:age:,
Sinee the retort had holes on the center ajlinder s the light

constituents may have been gombusbed during the earbonization,

This trouble influenced high ash centent in the disbillation

vesidug which was capried over with coal gas, The co’nclusion

orn the ey is thak iﬁ does not meet with #:he specifica't:.on ef

",areosete—coalmtar saluhwn in Table VIIL

Assuming the boiling point ranges of the substances
$11ustrated in Fig, 28 as 235°C for light oil and crude .

naphtha, 3159 for creosote, 355°¢ for anthm@éng , the cumula~

tive percentages of these substances gives a deereasing curve

with an increase of carbonization bemperature as shown in

Fig, 29, Qomparing these cmnulativé curves with the results
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of P Dol u&fs it i seen thab the boiling point raage of

) bhe tar corrsspands %0 the values around 750 to 775% in-

Figs, 29, Thex-e‘fore,; the above mentioned trouble in the - .

P,,DBP re‘tori‘. caused the 'same cracking action on volatile

- mabter as’ ha.gh—tempera’cure carbonizatz.on s even thaugh ‘Ghé
- eperat::.ng carbonization temperaburs was below 60006‘»

' 3, Tar after cenbrifuging

As mentioned in Chapters I and IT, the separation of
tar from water is a difficuls problem in the coal industey.
The problem is that tar occurs as an emulsion in waber,

Because of the high moisture conbent in Brophy coal, and’

- because of the dirvechk cooling mebhod of coal gas in the tar

trap, the decantation of tar has nob been successfﬂl in

separabing the tar from the water, A4lso, the specific grav—-

‘ ity of P.B.P, var is almost equa;l 1;0 the 5pe¢1xm grauty

of water, The values are illustrated in F:Lg. 30.

It was proposed to separate che water i’rom the ﬁar by

centmfugmg. The Sample after @entmfugmg was analyzed

. and the results dre given in Table IX, which - -shows. the water

perc'e‘ntag‘e of 8,10 per aent " This means that the ‘{i‘a’r ‘has to.

/"be distilled in ardex* ’bo meet m{sh the specifwatmna, ax’“ber

it has been centrifuged. - Though this waber perc.entage-:t..s .
higher than that of the original érude tar, ﬁhe two showld
not be Goﬁtpa;z"éa because the éam@le‘ of the ‘erude tar‘ﬁa's j;)%e'é-
pared in'a constant bemperature bath wiich can ot be duplice
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~gted in a commereclal plant,

‘I'he ceni,rlfuge has a mechanlsm :f.‘or reducmg the caka
residue percentage £rom:16.h bo 11,3 and also redueing the

specific graviby from 1,085 to 1,069, This cpmpameSﬂﬁavovw :

ably $0 %ﬁe-g:ade Dot the-spegificaiionif03»th9~cake'resi&ue :
: and the grade 4 for the ép’écifié gravity sipaeificé,%ieng 1‘-’-0:1:" :
: uhe dlsﬁlllation analysis,. the tar after being e¢ntr1fuged
. meabs with the grade B-of - the spee:.fmations‘. 'I‘he pementage o
of hlgh fracﬁien Over- 355°C is reducéd by centrnfuglngp The o
analysis of distillation. residue shpws—ab@ut_@ha.ﬁame ﬁesu;§s 
_éé that for tar from the gas absorption columna~,Th§s'méaﬁs‘

* that the reduction of percent coke vesidue {free carbon) from

16,4 to 11,3 was caused only byfﬁhe rveduction of the pereent-

age of distillation yesidue, Namely, it was veduced from 100

= 36,85 = 63,158 to 160 ~ 57.86 = 42, L%,

L, Crude tar fyom Red Eodge commerical planﬁ
The commerclal planit, of BiD.P, Processing, Ing. sbarbed

its operation in July 195?, and the follawxﬂg_desgrmptloné

~are concerning the reésults of the first crude. tar p?@duced .

at the plants

2. Orude tay (Sample No. 1)
The results of the crude tar are shown im Table IX,

The specific grawity of this tar is higher then bhat of

tar produaé& from a pilet plant ab Montana Skate @oilege' ‘

- ag shown in the second and third ecolumns of the same
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table: ‘The reason for this higher speeific gravity is
p?obably eaused by the higher carbonizabion temperature

used at the comméreial plent (1100 to 1300°F) than at-

" the pilot plent, 4s shown in the veferences (13) ang “

{7), the specific gravity of tar is increased with the

increase of the ecarbonization tempefatur’e-; However,

this specific gravity of ‘the tar produced at the com- o

mercial plant meebs the grade A of the specification of .

' ereosote by the American Wood Preservers' Association,

‘The water conbent in this crude tar is eﬁremelyj '

low compaved with the wabter in the tar produced at the

pilot plant. This is mainly explained by the fact thak. - :

the commergial plant déeﬁ‘ not use the bay trap _w:%:th water .
spray, and that the gas absorber in the commercial plant
is operabed lm,r re-¢iroulated by-products instead of waber ‘
which was applied abt the pilot plants Another reasen is
probably bhe high6¥' specific gravity as mentioned abéve ; -' -
Namely, the high specific gravity makes easier décan’c,aéior;-_
of tar f rom water. This low water percentage meets the
grade A of the specification of creosote listed in Table |
ViTl.

Howsver, this does not mean that bhe crude tar can’

S

‘be gold as commercial cpeosobe without prebreatment, be-

eause the resulbs Were obhbained from the tar which was

separated from wat'_er by a laberatery decanber left bo
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stand.OVEmnight, and becauséz%he author observed a.large
quantity of water on the tep layer in the decanter.

Abgut the d¢SL111atien analysis, large quanbities
of light constituents we;e‘presant compared with the

vesilts of the erude tar produced at the pilot plant of

':Mbntana State COllege. Thls fach éhows that the coms
;mﬂrclal plant ab Red Lodgs completely elimmnatad the

‘dlfflculty'of the.nombustmmﬂ of light oil eenatltuenta

which %roubled us ab the pilot plant., This alsa de-

ereases the amaunt of the distillation residue Erom

100 = 36. 85,0 63.15% to 100 ~ 50,208 = 49,80 Howe

ever, these results can meet only the grade D of the

 specifieation,extept for the percentage of the light

oils, Another disadvantage of this cride tor is the high

' distillationvresidue'over 355@6i

~ Bince there is no combustion of light constituents
at the commereial plant, the free ¢arbon in the distils
lation residue is increased from 28.6 per cent for the

tar produced at the pilot plant to 37.3 per cent, HNamely,

the fre¢ carbon vemained in the tar without gvolving as

carbon monoxide or carbon dioxide,

Thls high free carbon content and the high disbil-

'lation resldue causes the high coke resldue percentage

- em_l&,B which does not meet the 11.0 per eent of the grade
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B gpecification as shown in Table VIII.

As it is shown in the results of the distillation
analysis, there is no ash in the tar. This neans that
-the toal gas does not carry any dust from the retort
to the by-products recovery process. |
b, Crude tar (Sample No, 2)

The results of the crude tar (Sample No. 2), which - ' a

. was sampled later than Sample No, 1, are improved to

. meet the specification of creosote. The results are

shown in Table IX.
The wakter percentage and coke residug perceéntage
are reduged from 2,8 of Sample No. 1 to 2,07 of Bample

Noi 2, and from 18.3 of Sample No, 1 to 15,5 of Sample

 No. 2, respectively., Also, the results of the distil-

lation analyses are considerably improved and meet bhe

grade B of the specification, except for the percentage
of light oil. The results of the dist.'illaft;iqn residie
are aboubt the same as those of Sample No, 1.
c, Tar after centiifuging

The cenbtrifuge used for the sample of tar prodieced

at the pilot plant was installed at the commercial plant

in Red Lodge, Monbana.

The results of the analysis of.lfbhe tar 'trea‘he'd by
this centrifuge are given in Table IX.
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Though the purbose of this centrifuge was to

separate water from tar, the water content in this tar
wap not reduced as the author éxpected, However, singe.
the author observed a large quantityr9£ waterjin Sampie
No, 1 and Sample No, 2, bu@“ng water in the tar after
eentrifuging, the water content im the original sample
'should show the larger percentages in Samples No. 1 and .

No. 2, and less percentage in the-tar_after‘centrifuging@ f"

“The guthor also would like %o remind the reader that

‘these. samples were fireated by a laboratory decanter QVepﬁ‘f‘:‘ '

night. Therefore, the waber percentages shown in these

samples were the water which could not be separated by 4 .

. . cenbrifuge or a decantation method because of the emulsion

sbate of waber in btar, However, the water percentage of
the tar afber centrifuging meebs the 3 per cent of the
specification of credsole, .

The épecific-gravity'ﬁf the tar after centrifuging
is 1,100 which megls the grade A of thefépegifiﬁabidnu
The specific gravity of bhe tar after centrifuging was

lower than those of Bamples No, 1 and No. 2. The same

h phenonena is shown for thé results of the samples pro=

duced at the pilot plant, The reason ig the reduction’

 of the heavy oil over 355°C by the cenbtrifuge,

The results of the dlsbillatlon aﬁ&lySlS also meets

. w1th the grade A of the specification except for the
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pereentage of light oil, The distinguished mechanisms

~of this centrifuge are the reductions of light oil wnder
210% .and of heavy oil.over 355°, compsred with the

results of Samples No, 1 and No. 2 with the result of

the, tar after centrifuging.

The free carbon gontent in this tar is about the

same as in Samples No, 1 and No. 2. ' The reason why thqf

free carbon eontenbs in the samples from the Red Iodge

plant are lavger than those of the samples from the pilet

\plant is probably becsuse of the higher sarbonization

temperatuve used at the Red lodge plant, besides the
eliminatiﬁn of the combustion of light.oil in the vetors
as mentioned before. ThatAis; the higher carbonizatidn
temperatiure gausss the higher fyee carbony Therefore,
whengver the Red Iodge plant i$ operated at around 1300°F

carbonization temperature, the author expeets that the

- free carbon gontent in the tar produced abt the commercial

plant will include about the same amount as the resulys.
shown in.Table IX in the future.

In other words, the high ¢oke residue in the bay

after cenbrifuging, which does not meet the specification,

~ can be veduced only by distilling off the heavy oil over

355°C, but not by the free carbon content in the distil-

- lation residue. I% was felt by the author bhat it might

e N N
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be pessible to reduce the heavy oil over 355°¢ by
passing the cyude tar through the centrifugé twe or

three times,

" In order for the ¢oke residup of the tap after ¢

centrifuging to meet ‘the grade & of the specification -

{5 per cent), the percenbage .of the distillates up bo

"555°G has to be incpessed to about 87 per cent from the.

60,61 per eent of the results showa in Table IX,
 Caleulations are as followss |

 Asoupming aboul 38 per cent for the free eapbiom

¢ontent in the distillation residue,

- (per gent _of disﬁgliaﬂion'fesidue)(ﬁﬁ) = §
\PEY Cef A A

So,
the proposed pey cent of distillation pesidue to meet
the grade A of the spegification =

A ‘ (1@0) = 13a15
(38)

I‘h'ei’l-,
the per cent of the distillate up to 355°¢
= 100 = 13.15 « 86,65 £ 87 per cent,

However, though the results in Table IX show about

2 10 per cent reduction of the disbillation residue, the
avthor Belisves that Unfbvtnnaﬁely this method of redug-

.ing the distillapion vesidue by the centrifuge mebhod
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mentioned above can not be reduced anéther 27 per ¢eﬁt,
Therefore, the author's recommendations for the

designing of a distillation still at the commercial
plant in Red Lodge, Montena, ave as follows: First, the
distillation still musk ensure leés possibility of'w%%éf'
‘boﬁtent~than.3_per cent “of ‘the gpecification, even SR
- though the feed tar to the distillabtion still is separs
abed from water by a centrifuge. Second, the distile
:laﬁion still should bé effeetivé to distill off the

"light oil to meet the § per gent of the specification,. .

© Third, in order to reduge the high coke residue percent-

age, it should be necessary o distill off the high
portion of the feed tar,
Gommereial ereosobe

A commercial creosote was analyzed and the results come

paved favorably with the specifications. One noticeable
obgervation was high content of naphbhalene, which essily
crystallized at room temperature, in the fraction between
210 to 235%C. P.D.P, lOWbteméeratﬁre tar has never shown
étystallization-of‘naphﬁhalene or aromebic ecmpounds in any
fractions, Also, the small quantities of the fractions under
210°¢ and over 355°C means that the creosote has to be a

distillate of coal tar.
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B. Practional distillation of light oil and bar
' Thé experiments of fractional distillation of light eil
and bar were practiced under vacuum of 60mm Hg. The result&.s

are shqwn in Tigss 32 and’ _33; ‘respectively, The diagram of -

_the apparatus is illustrabted in Fig. 31. -

w0l 1dght oil

Fig. 32 shows the distillation curve of the light |

© - .0ils -The water percentage of this experiment is 10,25 - .

"\ per cent in volume which is.a higher value than the
results in Table IX. As shown in Fig. 32, the light

constituents like benzene or toluene are under 5 per

cent: by volume (dry basis), According to Vhe chavact=' = .

eristics of low~temperature carboniszabion, the aromatic
sér‘ies should be very small in qusntiby; however, the
Light constituents of paraffin series should be in large
quantity. This centradict‘ién with the experimental re-
. sults had Be be eaused-foy the ommbus%ioﬁ of some light -
oil in the vetorh,

After this Iight oil portion, the curve sﬁeadilyh
incresses with a boiling 'point'incz'eiase.@ Therefore,
this curve do¢s not show any definite components, and the

" curve shows that the llght c’n‘i:g is o mizture, The end
point is.250°C under atmospheric pressure and the pers

centage at. this point is about the same as the value of
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the percentage up to 355°G in Table IX, .
2. Tar |
The same methods as used on the 1ight.qil were
used on the erude tar obtained from the gas absorption
column at the P.D.P. pilot plant. As the results show

in Fig, 33, the cufve increases linearly with the temp-

_erature, The end point is approximately 355°G under .,
atmospheric pressure, and the distillation residue is

about the same amount as for theé crude tar from the gas L,"'.l

absorption ¢olumi. Also, ﬁﬁe'Values for each fraction
in Table IX approximately correspond to the eurve in
this Figure. This increase of the tar fractional distil-

lation turve also shows the mixed components in the

‘crude tar just like the light oil,
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Primary l}esigning of Goal Tar Distillation Still

Introduction

A gredt variety of woal tar distillation stills have been

- used up to the present time. « Though these distillation stills

are mainly divided into twd classes, a babch process and a gon=

$inuouns pmeéss, the following designing is limited to the bai‘aéh
process. "'.]'?he‘ péason is that the commercial plant of szﬁ.-,r-;,. Pro-

ces,gingy Ine, does ot produce enough quantity of tar to consbimet -

| 5 comtinvous distillation still.

~ In s batch process, many typss of distillation stills have

been used sinee the 19th dezmgfy}a These bateh stills are also
glaééified into two hypés, vertical and horizontal, Both the
vertical @nd horizontil stills have a fractionation column, bub
in some cases it is attached on the top of the still, and in others
it is separate from the still, |

Alﬁhg)ugh the vertical stills are usually used in Britein and
on the European -ccntinén#s » bhe horizental stills ax»é cushomarily
uéed for bateh disisilla’oion in the United States. 'The author uses
the horizontal bateh still for the distillation of coal tar pro- |
duced at the Red Lodge commereial plant in Red Lodge, Montana. As
for the frachionation c¢olumn, the author ‘doesjnnt think it necessary
bévause the main purpose of the distillation at the commércial

plant is to produce creesote which has a wide boliling point range.
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Hdwever, the single babeh still has several disadvantages.

One of the disadwfan{{ages is that the more the light oil constit-

“uents are vaporized, the more the residue begomes viscous, tlere-

by causing local overheabing of tar.. The .obher disadvantage is the

difficult -operation in case of the foaming of tar during the ddsbil- -

latlon, which may eause the still to explode, or the tar to over-
flow :mta & -condenser, either of wh:mh is dangerous, _ :
The fol.,uwing deseriptions will :Lllustra’oe in detail each - .

feature of the distillation 8611l for the coal tar produced af the

' aommerc:.al plant. of PuD.P, Processlng, Tnc. at Red Lodge, Montana, -

P,urpo.s'és

As nierﬁ;iémedin the ﬁreﬁaus section, the analyses of the tar
afier 'ceﬁtr'ifuging, whieh prodﬁced at the commereial plant in -}Zed.
Lodge, did not meet the grade A of the specification of the Amer~
ican Wood Presérvérs* Association.

The disédvam‘s_ages were the high percentages of light oil and
of the coke residue, Therefore; the purposes of tle distiliatibn
still at the commercial plant have to he the reductions of light
0il ander 210°C and of the distillebion residue bver "355%; Also s
it would be necessary to ensure less possibility of water content |

in the commercial creosobes

Distillabion Stills at the Red Lodge Gommercial Plant

A, Capacity
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The aubthor arbitrarily‘aho@ses 100 ton of goal g day for .
the charring plant operation 1n the future,_ Consldering the
losses of bay at .gas abserpbiqn columns and ab a centrafugea the
auihor asgumes 15 gals. of the crude tar produced from one ton of
'Brephy caal, Thi&‘méans that 1509 gals, of the érude tar a day .
Wlll be ppaduaed at the conmeyaial planta This quantiby is stlil

npt large enough to eonstfuct a eant;nuous distillabion still

‘ pract*ced at the present modern coking industiy, bub can. be handled’

f'lby a sem¢»batch 5till for short periods or for feirly. tong. aon~' Y

*lltmnuous operabion.,,
| Also, owing ta the serious disadvantages of a single batch
'$till ag menblened ‘before, the aubhoy suggests setting up two
stills for each fraction and one heat exnhangerg ?he priuaey
designs pf these,distillaﬁioﬂ stills are shown in.Figurés 3k, 35,
and 36, | |
B, Distillation stills
1. Crude bar
The cﬁude‘tar passed through a eéntrifuge otice is sbored
in a closed tank to prevent the increase of water content by
| weamhert Or; the ciude tar can be pumped directly 1nto a
heat exchanger. Since thig entire dlstzllation'pracess uges
the gravity £low of tar in the stills, the sborage tank has
to he highér/than-tha'heigh#»aﬁ-the stills, and in case of
pumping tar, the pressure of pumping has to be high eanough to
push tar through the heat exchanger and the stills.
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2., Heat e;cchangep
The crude ter enters inbe the ennulay space of the heat
exchanger at the back end, This heat exchanger is entively

immersed in the path of waste heat flue fprom No, 1 and No. 2

' .'éti‘lis, and has a ¢tentey bube in which th‘c-:' putgeing pitch

from No, 2 still is passed. Therefoys, not oply the ingoing

e omde tar is varmed from oubside by the waste heah £lue, .

' ’but it :;.s also warmed from inside by the oubgoing pitch wha.eh‘ ,

is reversely cooled down to the desirable bemperature,
3.,.» Fo. 1 still

Leaving the heat exchanger the hot tar enters the first

- 8td1l, flows down the caseade and along bhe still,

Orig of the visks during the distillation process of tay
is "foaming" which the auther frequéntly experienced abt the
laborétory gxperiments of tar distillation analysés, VWhen
the ingoing crude tay is used for condensing purposes, there

ig a tendency for the wabter in fthe crude tar to accumulate,

. ferming "pockets™ of waber which vaccasionally‘ pass forwapd 4o

the still., As the temperature of the tar in the still ds

' seldom helow 200°6, it follows that > when the water comes into

contact with the hot bar, "foaming! will oceur. ’J{hi-s dife-

“fieulty can be eliminabed by fixing in ‘the vapour space of

the No, 1 still a cascade, down which the ¢rude. bar must £low,

in a thin layer; before it can enter the distilling tar,




Namely, the crude tar is not used for condensing the

light oils, and accumulations of water ave bhereby éﬁfoided,,

~ fore it enteps the body of hot tar in the still. The depth

"of the tar on the'cascade favorabiﬁ*"does'néﬁ exgeed half an': ..

inch, and the depth of the tar in the stlll gene:r-ally one~

o -t.mrd the diameter of the $till, |
" By keeping the temperature of the vapours lea.ii;mg“ thé':;:',
:‘ No 1 still under 200%¢, almost all of the ligh‘b‘a‘i'l and T
 water will be distilled off in this still,

he No, 2 still

. “The tar 1éaveé the Fo, 1 still from its front end and _
flows through a p;ipé' into the front end of the No, 2 still,
travels through a p.ipe. in this still which exbends to the

ba¢k end, and is discharged there within the still (see Fig.

35). The tar now flows forward to the front of the Wo, 2

§ti1l;, and collechks in a pipe at the front end which carries

it down to the heat exchanger.

A perforated steam pipe is fixed in the second still for
stean distillation of high fractions between 270°C and 355°C,
thereby causing the low température operation in this sbill,
5, Piteh

Leaving the No., 2 still at the front end the pibeh is.

conveyed into the centér tube at the front end. As the' pitch.

is exchanging heat with the ingoing crude ter, it leaves at.

- and also the water contained in the crude tar is rema\fed be-

A}
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 the back end of the heab exchanger,

The peceiver of the piteh is a conveyor with & downe |
ward concaviby ab the ceniver. 'his eonveysr is sprayed with_‘

waber af several points and the pitch on it is cooled #11l it -

. reaches to the end of the'con%eyﬁr,'-A seraper éﬁ-thé-en&‘af
' the gonveydr serapes off the pitich and discharges iﬁ-inhafaﬂii""ﬂ5fl“

cars -

6.. Furnace

. No, 1 snd No, 2 stills are heabed by direct hoat, bub the .

- ‘héat. exchanger is heated by washe gases from the first two

shills. [The supply of heat cgn, however, be regulated by .

- moveble dampers fixed over. portholes im the curbsin -arch

under the sﬁillséi,The'sliding‘dampefa are opsrated froin the

- :fromt end of the still setbings
© 7. Steam boller

At the end of the furnace, thers isa Sbeam boiler gone-.'

. struched similay to No, 1 and No. 2 stills. The steam boiler

can be heated diiectly by the gas burner under the boiler
while the tay distillation sbilly are not operated. When the -

distillation of tar is conbinued, this boiler is heated by

hot waste gases from the heab exchanger chamber, and dan be,

supplied extra heat by a gas burper under the boiler,

This boiler supplies steam.not only to the enbire plant

~ operation, but also te No, 2 still for stesm distillaticn,
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8, Condensers
The fractions of distillates pass thrOugh.éépering
. Vapour pipes to rectangular condensers, fitted with Hgu
bend cast-iron pipes. After.leaving the condensers the
~oils pass through cast-iron oil traps for separatiﬁg‘fOul-”
gases, The working of the stills is controlled by thermom-
'eféfs at the front end, and'a wide variety of fractions may
be obtained by Tveducing the sliding dampers,
The steam pipes in the condensers are for the purposes
of waiming £he~éondensers in case of plugging the condensing

- pipes or cleaning the pipes.

8. LConstruction of the distillation stills

" 'The entire furnace has to be constructed of fire bricks. in-
side and by‘regular bricks oubside, No. 1, No. 2 stills, and heat
exchanger are preferably made of stainless steel to prevent cor-

rosion by sulfur in tar, and the steam boiler is made of regular

o sbdsl.

The threefgron bars aérGSSIthe sbills'and boi;e: are 50 pre-
vent the explosion of the stills, For inspection purposes, the
front end piate of the still is bolted to the>stillp and may be
gonveniently removed when desired¢' The back end plate is welded
to the still, All connections from one still to another are f;xed’
outside abt the front end of the stills, They are not sﬁbmitted to

the heat of the flue gases, hence thers is no risk of carbonization
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