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- Prior ‘to. the tlne when “the flrst Englneers for Fuel and Heat
Technlque obtalned thelr ecucatlon at the "Spe01al“Branch for =

Combustlon and Gas Technlquo" of the Technlcal Unlver51ty of Vienna,
. L ~

Austrla, founded 1920 , the problems of chenlcul coai”utlllzatlon'

"and of heat transfer were solved, by engineers,” who were tralneﬁ at

”the'Fakulties of Chenistry'“ﬁhd of Engineering anf'ht Mining School;}

e

that thls SpeclaL Rronch mct o den&nﬂof ‘the 1nnustry of Austrla and

of the surrounclnb countrles and hlS v1ew was endorsec by the fact

P

that even . 1n tlnes of: 1ndustr1al anc economlcal cepr9381ons, when :

4

hogt of the éxaauat&s of Technlcal Un&v&r51tlcs.w@;e~wathout

enployncnt, all of the Engincers. for Fuel and Hpat Technlc found

........ —

JObS ea311y.»
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R In 1926 the “Technology of Fucls By‘H. Sf?ﬁ—ﬁE‘ana H,- Ulmann,.
4 .

EcItlon Fe Deutlcke, Vlenna, Was publlsher for the purgose of

A -

]egucatlon on the Institute of Tbchnology of Fuels‘and asi&n auxiliary

- . s N : o P _
rnctns to engincers in the industry, occupiec with fuel and heat - -
problens.—-=

/ | ' |
—_— In the followlng dccace the progress on all flelds of the fuel

Y o (ol heat” technlque was remurkable._ The developnent of new Iow

vH‘ )



temperature carbonlzatlon prooesses ior black coals, the progress
“in the manufacture of synthe31s guses, and in the llquefactlon of

coals as well as 1n the recouery of sulfur and in the'removal of

- o

1 ‘_,

..carbon- monox1de from co&l gases were partly v1olent.‘ The progress

: . x____#___;__f—
in standardlzatlon and: 1n the development of new iueI'teotlna and

_'lnvestlgat‘ g”methods in my Viennese laboratory and 1n other

R

_research laboratorles was Worthy of notice too.

'%'Others'of my'reasons for the.ed%tion-of'the."Short Textbook"

Sviere malntalnlng the tradltlon of E. Stracbe, who dled 1927, and

.prov1d1ng the lecturcs oI the succeedlng tr4n31terJ dlrector,'

‘ = .
W J. Muller, who was lProfessor of Inorgunlc Technology and Expert“

i
) L PR —~I\N -

in ohemlcal Corr051on of Letals; w1th the knowledye up to date.

[OT—

I was abln to tuke lnto con51deratlon & decade's experlence
R

St e T

on the usefulness f our teuchlng method &@s. I w&s 1n touch w1th the

-«

1ndustry and gEPI‘OXInatelv the flrst ilftv graduates of our schoolﬁf

S. and Ph..D Englneers,'who were employed in brewerles, 1ron
and enamellng works, in gas works as well as in gas apparatus and

gas englne 1ndustr1es,'1n the ceramlcs, chamotte and nagnesite

-1ndustr1es metal foundrles in the wood carbonlzatlon 1ndustry,_ -

in’ the b01ler, heatlné and owen ﬂndustrles &nd air condrtlonlngllq

1ndustr1et, in the 011 and 011 burner 1ndustrles, in publlc serv1ce,

1n 501ent1flc and research laboratorles and as consultants for

T, -1:\.\.1-: . 1'.'.» .

heat and fuel tecnnque. - . f“'": ; ~”_;,‘.,_;_,;l»f

Slnce coaauthor Muller could participate but*on insigni ficant

parts, I took over more than . GO per cent of the work which ls -

p01nted out in the prefdce to the flrst edltlon.

,,,,,

' My 1ntens1onsln present1n5 the soatus of knowledge dlffered in

i PSS

several v1ews fron those of Strache. Accordlng to thelr 1mportance



I stressed moré emphasis on the‘chémical'kineticsuofwtﬁewcﬁmbusﬁién

*

processcs, on the noﬂern theorles of producer reuctlons anc on the-

!

iunaanﬁntdl 1nterpretat10n of the technologlchl methods of separatlng

o

 solid, 11qu1d andc gaseous substances, the' latter ln.cooperutlcn_ﬁn —

[ T . s e— L PR T e

wi ﬂi W. Je’ Luller .

Thé”firstfedition'hac a favoureble crltlclsn and sclé five tlnes,

&8 [ood &S St:gghnglnénn{s'"Technolo . of Fuels" » so’that a'double

--edition becane nécessary four years”later.

In the follow1ng pabes the contents, the prefaces to Bbth~qf

the edltlons and\the 1ntroduct1cn to the "Short Tey%book"'are N

R [,

representeg aqgordlng to Tay own translutlons.e
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;: '.; _“ Preface to the Flrst Edltlon"
. ST T T ey

' Almest'evbryoﬁe of tﬁe chemiStEﬁnd engineers; workiné ix
the. 1ndustry; hts to deal w1th problems of the- technlque of
ifuels.: It w1ll be-rtcognlzedrﬁv them, that there are several
excellent bcoks on speclal flelds, but that a short presentatign

oﬂlthe technoloyv cof fuels is mlssing whlch takes into con81der-

A

atlon 1ts p&rtly v1olent developnent of the past_geca(e.' The

P“""“"" Pp—

present book trles to flll out thls lack in; @1te ature. and. to"'7
’ glve'a short- but'conplete as»pos31blecomp11atlcn of the

1 ~ ‘
;;501ent1flc fundamentals, on which" the fuel techn1@ue 1smbased3.

'.“ 4 \r. i

‘as well-as of the speclal taﬂnology‘of fuels. The book is_.

~therefore destlned for the students of chemlstry and englneerlng;

sclences as well as for chemlsts and englneers, occuplea w1th‘

- -

problems on fuel and heat technlque, The intensive’ treatment

F

of the phy51cal phy31co-cheﬁlcal*anu chemlcal funuamept&ls

offers to—the readers the opportunlty of hav1ng avallable the

P



sc1ent1flc fumdamentals w1thout being obllged to use other
professlonal book51 Scholorship 1n phy51cs and chemlstry is>

‘ pressupposee 1n such an extent as it is requlred by the under—i

bracuate exan;nutlon (dlploma pre—examlnatlon) The semewhat v
i

_extended deallng w1th the - physico-chemlcal funuamentals meets'
a demand of maklng the book useful to such ‘engineers. too, who L

....\...,

have not studled phJSlcal chemistry. _The descrlptlon of the

— et

general technologlcal methous“aecordlng to the.appreved scheme‘.

of phases will probablytbe.of.ﬁse to reaéers not especialiy

1nterested in Iuel technlque.

The funaamental ane the tecnnolcblcal chapters correSponﬁ

L~l._

/-‘Q{«
Technlcal University of Vlenna (Muller) Tn order to ‘help overe

e

approxlnutely to the 1ectures on the technclogy of fuels at the

come 01ff1cu1t1es of beglnners when performlng calculatlons of

Ty .
p

fuel ancrheat-technf ”éf a number of examples has been 1ncorporated.

‘The laboratory tESLlné method of general 1nterest are describec

. J
in order-to.lncrease the usefulness'ofhthe Bebk. .The methodsnf
S 1

presented are stanéuralzed to o certaln extent and are approved
' 3

and partly developec in the Institute of Technclogy of Fuels.

The last three chapters of the book are wrltten by only one ‘of us

(
(Graf) who wa.s cbllggd £} elubor&te—mest—ef the other part of the

book\too o [ o \

Presenting the exceedingly. extensive subject on a relatively
small space,heoessitated-of course restrictions in selecting cf”

that$rhlch is essential and in the extent of presentatlons,‘ We
M N . .

hope to have founﬁ the rlght measure.
The llne traw1ngs cf the fun<amenta1 chupters and of the

‘“Laberetory_Testing 'ethods®™ hgve been prepared mainly at the

11



Instltuteur‘The’teehnical illuetrations'hEVeubeen"cbntribuﬁed
bJ conpanles, to whlch we return our thanks. we are indebtedw

_to the ealtoq, Mr. H. Deutlcke, for the care glven to the book.

S dagm. -

We appreclate all sugLestlonsof colleaguee deallng w1ﬁh
- i
al e :
themeontents of this book. ST B - .
e . e

o o T — e ’

Vienna,iﬁarch 1959 : S S W}-Muller, E. Gr&f

Bl

‘Preféce to the Seccnd and Third Edition -
. . v v '_,‘;_ , - . . v sy

: After thF ceath of my former princlpal and hcnoured cq-author'.
—4 ) - o

We Je Muller, Professor, Ph.D., the publlcatlcn of a new editien'seon

e LT
fbecane necessary but wes, retarded by wer dlfflcultleS- o .
The appreclatlon by the clrcle of reaoers and - the criticism

of Drofess1gan colleagues certlflee that the Text Book net a

: eenanc»an( that it reached our 1n in presentlng the matermel

, o

anﬁlln selectlnr fundamenteal examples as well as in-its

" A

organizatimn and structure. Infthe new edition enlargements and

.inprovements coul& be ihoorporated repeatedly,. stimulated partly ..

““byrsuLLestlons of col BAZUES .

-In the 1ntr~cuctnry chapter I the tables pertalnlng reserves

and procuctlcn of fuels were aéaptec ta the clrcumstances leen
C : : ) { .
- by the unicn of Austria WIth Germany an€ the p&ragraph ccentaining

T

- g

" the genLraphlcal alstrlbutlon of ccals in Centr&l Europe exteneed.

Cy R o

vf
In chapter II w1th the phy51cal anc chemical fundamentals

the fﬁrmula of the flcwjres1stance in fuel bees byfR. Fehling hae

been 1nserted NEWEr . temperature measurlng methods—ecnspdered

TS



'énd-better valtes“of the specific heat of biaek'and brown cbels,

publlshea recently, and a fawnula of the SpGCIflc heat of black

[ S 1

ccal brlquettes, fcunﬂ in cwn experlments, were acded.' : —_

The calcalus of the burnlnb tlme of coal particles, important

»for the combustlon klnetlcs, has been 1ncorpnrateu~accor01ng to_

T

»calculatlons of W. GumL " The. paratraph w1th the heat transfer has
been enriehed\by_newer heat © ”bnnucthlty»coeff1c1ents of coals
and cokes. &4 more simple‘formnlamfor the heat tranfer coefficient

LOf 011 is presentec anc thé ranlawlcn cf technlcal g&ses accordlng;

B R B et
,,,,

tc the last stetus of calcul&tlons of e Sch&ck,pr

v Inm chapter III,'ceallng w1$h ccal chemlcal fundamentals, L

—
-d |

scme more aata ofithe propert1es=of lew temperature earbonrzatlon

o ——
:

'prﬁeucts of ccals cuuld be nace ‘anc- the knock—test—values of -

. . . . ) . ."-;‘\;14...... e
clesel oils broubht up tc date. ‘ L

] : : T ';'__ _—

- hi . S gy

-»‘ Recardlng the descrlptlons of hlgh temperature carbonlzatlon

: ; .
furnaees (chapuer V), I acknowledge subgestlons for 1mprovement

ana placlnb at my nlsposal better 1llustratlons, offered by'
. o
Dr. A Thou. I amulneebtec_to Prof. R. Helnze too for.alluslons

%

...............

concerning est German low temperature carbonizaticn prcces es.

e .
The rapid evolutlcn on thls flelr is strifing.. -Some processeS'

createu in the flrst ‘time cf development could be onltted and the

) ) . !
communlty tﬂpe,of a contlnuously oper&tee—eeramlc—low—temperatune——

.—————J— T

[Rv

furnace 1ncorporated. In the same chapter the fcllrw1n5 processes

were taken 1nto ccn81deratlon‘ -uﬁanewer Koppers—Potash process
._.—___—-bi

and the StaatsnlJnen—otto—proaess of su@fur reccvery, the -

Wintershull—Schmalfeldt pr(cess of cantlnunuslj nperated water-gas
. r ] I e
procucti- nienc the F. Flscher - H. Plchler—prncess of mldclefpressure.

LI



”éynthesis-of gasoline.

The chapter ceallng w1th combustlon of fuels (VI could be
. ' "1

enrlcheo by cata of own measurfnents on the combusticn rate\of
oll-heatlng, J.{" - '- ' “"—im;

— Acoorclng to many wishes of reauers I have enlarfea the chapter

“Examples" by four more examples. One examplé (No. 10) shows the. .

use of the new formula of gas raclatlon anﬂ ancther (No..ll) the '

radiation of incandescent_areas. One exanple (Ko, 13) contrlbutes
ﬁcfthe“ﬁryihg of brown coals‘aﬁd enother (No. 1b) to the drylng of
blacklcoal brlquettes. ‘The latter-shows the initial-demchstration .

on a laboratory scale acccrulnb to own proposals anc the appllcatlon

s

of results to -the oonstructlon of & ccmmerclal plant based upon iwlf
; ,

In chapter VIII w1th the "Lahoratory Testlng Methods" the

Py

fusicn of st&ndarcs, glven by the union of nustpa&-with the Relch

and own’ experlences w1th sane testlng methous have been ccn31dered

The chapter has been enlarbec by Bauer-Jenkner's laboratcry s

cckinyg; test and P._Damm—R Kattw1nkel'g methoa cf measur:nb the

-

' qbtlutlnatlng values’of coals.

~

I w1sh to acknowledge helpful suggestlon offered by cdlleagues,

ahd hupe_that”ﬁhe new -edltlon'W1ll be accepteu'w1th the same

s ” b cla N

generous response as the previcus one.. & =

VlennJ, August 19&& E. Graf



1N TRODUCTION

“The technolopy in 1ts w1dest sense,sls the science of the

Y

_1ndustr1%l recovery and manufacture of n&tural products to

'products of mens requlrement and 1ncludes therefore the descrlptlén

o AR S

of prpcesses, whi:-h- 1ead frommthe recovery of raw materlals to the

Fproductlon of 1ntermed1ate produets and to final products.

4

S QAR ——

[ The descrlptlon of these processes cen be made under dlfferent

I"—_“"_ .

p01nts of V1ew. Theoretlcally'we may dlstingulsh between methods Whlch
cause merely a change of theeferm:ofwthe.product- prlh&lpl&lly

. des1gnated as mechanrcal technology, and those methods whlch cause

a m&terlal change of the product rdegi’_tted as chemlcal technology.

becuuse most of the manufactur1ng processes 1nclude mechanlcal

conversions as well as chemlcal, i. e. meterial ones, whlch clasp

one 1nto the other* regardlng many processes. For example the

flrst step in manufacturlng metals, the mining of ores, “I's faore-
R - -
' most.a mechenical process. The conversion of . the ore into the

metal is bound up with a process of material change, therefore_a

chemlcalrprocess, whereas the productlon of the’ goodS'for mans.

. usé is carried out by means of mechanical methods,

[ -

-

The productlon of fuels beg__p*predomlnantly with meehanlcal

processes. The manufacture of brlquettes ar gases 1ncludes already»

i

chemical processes and flnally the productlon of heat and pmwer

is based . on the chemlcalfprbccss of energy evolutlon,

For the educatlonal deallng w1th the cla881f1catlon ints

—- g

groups of material has been 1nducted because the technlclan

15



needs'a“condensed'deséription of all qf;those hephods, used on -

hlS prof6351onal fleld. ’ | ‘ -v - T ';d

¢

"F Such a group of materlal of Lreatsst tcchnlcal and

economical significance are the Luels, Slnce,thousands of years
. l‘ ’n

TH ORI e e il C— -
s&la, ‘" The sratus of culture of—a‘natlon can be meesured by 1ts-

'they represent the base of culture on earth. When“Liebigf7

_soap,consumptlon“, SO We are now more authorlzed to compare a.
v A ~-

nations living s tandard wi%h the conSumption of fuels, regarding

— ]

pchlefly those used .for 58%2} gencr&tlon.
Untll the end of the 18th century the prlmltlvelv recovered
natural fuels perved p&rtlculurlv to heat homes and work places.

1., Pid s R I

.ﬁBut*aﬂrelutively.small"pQPETOf 1t'was used for the recovery

'and manufacture: of metals.w Aftgr the 1nvcnt10n of the steam englne .

2 -

by Watt,. that nude posolble to repluce human poWer by calorlflc_fi

"gencrgggg.epergy, a new epoch of nan'swcultural ewolu+1on has—.
. B ty - ."] “.A.

started, The increase in the use of calorific gcneraﬁed enorgy
_to. Work processes is expressed by the enormous augmentatmoh of

fuel productlon since, the beglnnlng of the 19th century.‘ Ir 1800
1
the world’s coal production wa.s approxlmutely 11 mllllon tons

D —

and hos mountec since this tine to l)OO_mllllon tons, whereby

f&boutlone~thiru‘of the“produccd coal WAas uséd for_power generation.
o B -..wn. . . .',- ." . . . .. .' . ‘ ,‘
The 81bnlrlcanoe oi the fuels within the genclaileqonomy of
: St

'cnergy 1s thercfore st&ted in the £1 st 1ntroduotory_chapter of

the book. a ~ LT i T - .'_J |
e | 2 s

The thcoxetlc&l fundamentﬁls in representlng technlcal processes,

are to bc found in the prov1nces of knowltdge of the pnys1cs, the -

A ! -
|-

“phy31cat“chemlstry;andmiheuchemlstry. ‘The second_chepter

1(_5



contains thérefore the laws of physicsand ﬁhysic?l chemistry;

- ' te - e A .. . ’ . . K
necessary to fuel technician, and the pethods of measuring

oased on theSe laws, whereby'exampl s are selected according
to the. purpose. of contemplatlons.--
. The next chapter deals w1th the ba51c fuel chemistry. Thc

fourth chapter descrlbes the_+echnlca1 processes—whlch are used

'not only- for the purposes of fuel productlon and fuel reflnlng

‘methods, but are of general significance, so thet this chapter

|
~ i

1s tltled as- "General Technologlcal Fundamentals“

The 11rst scction of the book, contalnlng fundamental
knowledge 1n'four chapters, is followed by the-second»sectlon;:

‘enclosing the "Special Fuel'Technologyn”whichiis treated in two
o » . . ,.l. ,

groups; ' T

B Chapter: V,‘Wlth "Reflnln( Fuels® and

o Chapter Vi, with "Burnlng Fuels".

Fuel reflnlng processes generally 1nc1ude all the mechanical

thermal ana chemical proceSSes, leadlng from the raw fuels to
e

T et

such heat and power yleldlng products, whlch offor a rnore
: o

e sem RS

gdvantageous ‘use andlsenye best to'certaln purposes. Reflnln
) -
solid fuels~begins'With the s1mple d1v1d1ng in proper particles

and the separatlon fron unde51red‘adm1xfures.f It encloses

AR RS SATR

f“rther arylng, brlquettlrg, carbonlzatlon, gasflc.

( : .
llquefactlon of coals and the methods of purlfylng and separatlng

— oy _‘

“used hereby. The recent development of fuel technic shows th&t

coals are not. .only used for thensupply of energy, but more and -

- ] o

riore ‘act & part as most 1mportant raw materlals to the chemlcal

'1ndustrliand furthermore thut the most economic use of the fuels.

¢

[.W-, b S
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in their moet'proper*form‘is-d geheral:dehahd'of_aﬁﬁi&{ﬁé"

Spdringly'to our profit the wealth of our earth's resources;

especlally those of our exhaustlble natural fuels.

- s

SIn 5p1te ofwlts gredt 51gn1flcance the - combustlon of fuels

‘1n englnes 1s but sllg}tly touched here, becauso 1t is beyond

\
R

- the . scope of fuel technology.'

Separately, as an appendix. to the technology proper,.
in. ﬁhe thlrd sectlon, the two chapters ”Calculation Methods"
and “Laboratory Testlng Methods“ are pleced for practlcal
Vreesons- thev“Calculatlon' ethods“,.ln order not to dlsfu;b_
;'the coherence of the chapter with the phy51oa1 and phy51co-~
chemlcal fundamentals, the “Testlng Methods" in order to_

» represent as a compact entlrety these 1nvestigetlon methods,

manlfold approved 1n the—%aboratory and destlned essentlally

to the pract;ceu.
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