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Tue iaprevesnsat of Dahlia lignite as ft fuel for dome*tie e«
well «* industrial use baa boon the subject ef such concern to
those intimately connected lith the wolfare of the state. !t«
potential value of tiite fool to the development of the serthwost
has long been realise*. Xt ie for this reason that the school of
utree has been so actively anaaged la »todies that will ultimately
lead to the solutiorn of thi# porploxinc «e well as intereetia*
9*0Meat.

She late Oeaa d. t« Suhooch (1) asd hie assistants worked out
a 9*00oas for the osrhoalaa»ion sad brj~uettias ef Dakota Lignite.
Duo* however, to economic conditions* Idle presets hue not been
commercial! *ad.

within the peat few ywuse* the school of Miaoe* under the
aetive direotloa of »*. 1* f« Oawer# has attacked this problem
from another point of viawf namely, the improvement of thte fuel
fcy the direct removal of a Uwm fraction ef Ite eelelure, it was
realised that any preeaee to he successful will have to aiaimles

the awake* of eteps retuirai la the processing aad» likewise* it



meet NOL involve too sm i a ««e!y

XU reviewins the literature it wee foeat that Fleleeaer U )(
hod developed e process whereby Aaetrjlaa brown reel woe driest
successfully by the wee of saturated k&osat at elevated pressures*
3iaee a eoneiteration of tie underlying priaeiplea of steam dry*
lag. ihdiaatad It# possibilities it wo* deelded to attijr this pro*
ease with Dakota lignite*

This work eae first started st the «aivarsity of north Defeats
during the peer 1986*39* faring the yoar 1939%ao the work ess
eeotftaasd at the university of ttdnnoscta by hr* Irvin Levins under
a eseparative otvaamaat reached by Jr« A* *« Quaker of the Quiver*
eity of north Dakota and £x» C» a* Mate of tbe University ef
Mlunseats* the roaalta ef this study are to be feaad in the fear*
aal ef Xadaetrlal and da«tt]aeria& che*istry (S}»

The work during 1939*30 woe limited te the development ef aa
apparatue eulteble for study with Dakota fuel and te a detailed
study ef the neehaaiaa of tbie proeess* As s direct result* only
three different Dakota lignites were studied*

Xu outlining the werk for the prebeat year* it woe deelded te

extend thle study with llgante fres other deposite within this

state* The results ef this study are irted la Fart 1 ef this
thesis*

SI FKaXKMfdh

apparatus*

The assembly ef the apparatue deed in the present Invoetige*

ties is shown is Figure X* a gee fire* boiler A woe mounted on a
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Figure 2-A.
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nan of too Soup* mMmu Inna nNan nest »!*e«« in « tola eotooa e*«*
in owlesf to U «aHI] it on« $****e efelasting inring fooooooinn#
ami toon envefally »looe4 1ft to* eeatto of to* *e*#«* In toe

rnttooinve*

ijoft M«yi«tiM nf too stmootonnk to* non on* *«*«f*|lr no*
novnn and too volant* of to* toa no* iHnnaiafft oeoeveito to too
aetoet |not a«#eel*#i*

ke iifforono™* in vtowte of to* ImM# eefor* *»* Iy* e
eeeeftn* «to toon enUnletet" flu mUb of tot* tiffenoeoe to too

oftfliMl onlwno »n* token nf toe tkklk of okniakee** *e* ft*Um tsf

neealt* one* ettotnoi*



Jihvintake# *e 8«»

X0
19 ftr*
ft M *
St la evident that *t» alJt»sc ine#«*«e* with i»e»*»«e |# th#

«o*feftM p«Mi«wpe*

I* ft# %iH* ffarfta® *#OH#H# ft#ta eateadel to it,fall#

tmm M ti -1## «»1  cfivij* |t *w# fewaft that tit Uftftit# fna

tt#«# deposit# ft# a#t *#U aafttftft f«* ftffffia& ty till# ?##«#H«e

ft*  «araia*j t#»t» *a# #aftidtdt »m  «tftMi 4#t#ft
fipiit>
ftr  fHft# IKVO feMift

fta#t «# «tmm Ewirdim» St
latH®HE 1M HHEM#ETt

«e*fH*y* to# Iftftftitft of #htfftateftSft
» ftao™#Htt#HH#H With

ft* ftitt *«#t»it# of #aa Mat hawt t**a ntiflel.
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Wwm** ** >Hre e*< gu#



1*fft XO¢&
wMmwtiGHmM®* m mu*m,mi mm exx

mmutmm if mtmmnm=*

wrrnmtmm*

X x*« bum ftlaltl out shot too of t&o
»«l«Hf*i]r lan ftort oaXaa |i«aftt# of ports* fifttot* into = f«*i of
ttgfe M il v«X*o ottt oofttfetoftas* fcftaAjttftd *»« Mvfltfti «aftXitt*o
tlaftl to ffto «0*Ao +0*1* to# it** ft ftfitjo* r*»**o«h $u**e
I*a *t tit j*keoX Of ttfta «f «ft* ItHifOOOtt? of £***. Mott*
=** pha»sm of lki« pnUn Wit %t t 4»ft*ci of XXfUtt* if
smtooft*** *t«MU

f&* **o*it* pm**t*A |l fftot X *f *&** ti*»i# a* t#U fi

th«** of toot*** ®m.gm oa*j tUaa («) QO tool «*»* e**¢*y | f M

of **ot*Xa jMMMEA U p Ila fE*X*a ft » «aei Mf**X*o0 to H i
ooftoftooi Mot 00*0 Slot Mo \d&bil »6 oftIXooXf#  Xooftiifto

Of *&« OonOtMOtXoO Of tio it o«* MoffiiUlt to ftotomiiiio
ft* ofcot tooftoft Of Mi« til* eh*Rita® oeoofo, Moooo0O*

oftotfttft ooMftft** &o*ooKtot t**oXf to t ooto ttft* IIIff thfcftit

2X**« aiftftftf OftOtac too to if too foootoottftf fOOt#*#
ia oonoMoiotOf ao«ft* oXtaioatits thio «ad«*i*ftiX« pmpmtf

Xt eworn* **ey «t* fooooo#* of ft* oi™ itaoo mnm *i* j»«toot

atsit oovt Ofttlofoeteo&Xf olooo It «0 * ooXX e*t«tXi«i<Ht fftet ttot
ooXXoltftl a*t*ot*X» ttot «o ileal** otto « oocrooftfttiftX mbmoption

«#» oortofta olio* aXoo* It O«™ tin* t&o afttttto™* of o0AX

t* i1t* XtftftXto wooXt aatoolftXXy tr«i It* tout!*# vitXoo*



ooMiimitM*
4# * feftgfc 1«w
tawtnemmv* 44# ©taootofi
440 00U O»tXtt* i
ft# 44«00f O# 0001 1
40800 U) 10 00 f«li#WOl

*B4 1HOOO <«MMnuf yl«404* bucnl:
f*oth» l«v&M to* ala#t*#! MY
4*1* likierr Ilk* «H 1l Ha* « &***

X* *«# 440***## 4*04
**e 1*9% 10 #001404 i
dtriait i «o«m « «wfcp« m il i* *

»Ktel waaU 4i«] IM« IK* ««l***e

4 WS WMV FIVAAAAN v VWY
M tma « t0O«o»0ii«*i

1l«lm iMitttf €tmm

I 1« 14« «U | fU»
to «h« t*y la « slabit

IM ««»e#*P  a*#®*!las to
laity f«0 oil II*« vOt«y«

) JttH9* Of 0001 IttfiAC th*
O0# 0tOOO »tiOMt *# in* oil#
;«8« 00014 ta«0 to oat«*lally

*04*#04 «00 MO*Ht«ftUy «4»41t&0« *00I | &

Ml 4*0l4«a* 4fcOi0fo*0* 4« *40

4ff*«t Of 010MMIO&L #00101000

«4 0iO»ttlk4d yttMMMUINM «» tfe ac Of U#alt« a«4 tt0 000#Its Of

IMi »t«dy 0*O IMVIMOOAO4 1»

'14# 00y« ft0004*1 O#£0*0*00 000
0004 10 400 0SO0*tM0O04«l »O0Ok 400001
Y40 400110100 4» to 10]«04«4 00# OO«

100

Oilally 440 0*00 tt« tt«t
|]O ®&d4 1 (000 *1$»0 1«)

JtO 001000*



to Mm *#*« of floo Qt «Ottidd«f f#*M» tfi* *##t#te 41
=onotstMtot a# *smm it »* *mm til# f*O# tfc# t«*fe
f 1st* «8n WIO«i*V«*

SftHflItU *

3nmljH*ao« MI# fo&lo*™n& eu *ilttr «a*i,»i*a# »## «««*»

(Il to* m am»n* mto* m% mmutnm «itt #*#5>*

Itl mu&wm v»*n on »i*fe

(a) a»iM e#* so# Uioooft on «mioifi*4 »itfe «***ye

It) uttvm n#w aapd#Hu rnrnMmwm *reftne

It) iJ#tikm I»tr»f "Mtddr tftto ftojJo# HI1 #WIHftH 7% «l«w ,

It) Hi a, KM«i#r anfitiH til*

jALSIM* totiod «e«**<* M m** <HIfOOttf **7¥* *&e
mi## «i fo*ot aims tt# KtttfF mm > #ta» At BoalAh WWh it «Htt»e
OSSMbttt«&%x* m»  Aoac*idJkwl OOHA ##t VP*W1 «#«U tt#

peo  Yudy «H*F (FFFFre T e «#* #ir »T11] off#%o*

AINMt tt 2#o«<» *t fWiii M H *«e €toaM@P*& itto *fc« otto#too#

*&H*H* t#«t a trt hmi toot atittt #ey ffaithy a HO# ft#
OO0Iifls* «f ilot poo*## is*# taate *»
HAL «&e tfttis itil A* t *## t to tt# tHtioHt **e*ft

*#t tit Mat# 000i* #HH#ec**« tot#

Hi# » its## pAs-iot tot %*ot
oroaitrE ** | va# i, I -.ai ##S t**a olftoia#t *Ai**# t#
a Aftt Hi no to*# of otoo# flto «#» XtH4 fey tail*# §e  ?2%* fte

a «#« #sMr*a #am «&«wwny t« h «h i tm loot of *»# exn*#*«# t# *#

i#4##tH« irt« to* «#Htool### it#> a#fowi *** &*m*Im* pmmmm fe*t



Hie&e* i&0i Of 4&« #b* o«04« road*a®, 19tl*t pmmm»m9
mm M nmdMWN pwmmmm nor* ******m |»6f; ftftft ala»to» tit
prmmmom feoft ottttlaest 44* aoatoois* faitfaa*

oof* «m» rnoavoft la oa« **y wle**<a» bo ftotoraloft 14« ftffftot nmm %m

<ift#rod osf Arytae*
cftftloa« fft ftOforOttfti portof I# ftofifiod a* *a#

p«#l»ra frost too |1 » 440* «*« aotoftlar | pmamanm wmaunt® «M  of ff
l«U «» «& m 40# roioaftft pomoft 4ft la otfeor »e**# 14 4* (4c
prvimH Mt maintftetilfed ft 4» ffto ftotofttar## 14 ift
fftrifts 441# fM M 40*4 tfc« «o»oft to daUitoica™
fft« forotloa ft# *ft« oaftaMAlea y«rie-i % 4# totoroiao™ by if*
fftftfidy «ft4 oftlfttor# ftoatftftf of t'a* of* fite im dcw ftftft

fw Id ftoria* fftif fftttoft We jlfttomipto the Offftttt Of lie ftftOOfttti
ft# aoa«Obftftft« ftft th# tkm&Mn or «tyt»«* tfo toolft fftofffte# bailor
$**#««*e oOad »H*e 04 fftft 4ft®lastdac«
and o4 taw «aft of 4fo» oatan 4to* par *

ilolftoftft ftftriftd. Oft tin |1 Olid ft# eotaroiioo #«*§oft wife
ft oft# «4ftrod fstft tfic# ftOOI iftOAlfti Oft folftfo ftftftift taboo* f&ft
prftoftorft eras foftftdtiL&r »e*«««& bo ftl cflc Vttm# tcbh# ft* IM
ftotfft ft# 4b« 004ft# rooftVOA itfcft.'Oisb fult® f |* ta« oot«h« of ««»e
foaoftf fttftoa 4a f* oaft tao iftioao o# oeofton€ftOOOf4# ftftr *or#

roftorM #Hee## ® ntoatoft*

MW M ME&XM&* * e p*d**r4 ta ta« oat##!##H#H acft
r«ftaftft fttooftpaorift* fair* ft fto« #4ftO«4 ood vclve* t o | | «H#e«e™»
Air «a« Mhoo* taroo”a tao o«*4 aoo# « portaft of too aoora*

fa# wAftdo*» ft# rftoorfti on# #Oit*oft la te# ftoliftiun oalortfo tftftOf
oo Oftatft a*



w/Zmm

O/7 Injec tor
I flip* from <Sfeém Line

3 ~Is Cep drilled iv/lh & fo/es

C-/3&"fi/flr 1o Auloc/eilse

0= 'klpipe from Ol f/eserro/r
Tee



Ktk
fiifI*ftinftry yr™MtgUwut | bO© E«we?** ftfttft #U ««»
fir#* tl«d *a* m «l«ilegd ft]ffi*ft&*tftr ####H»*e* 99#$** mmUtlpmm
Vttiili tiM antoe!*##* A mktam | «i *sv @& t# i*|*#« noit #<H5%e

«h#t #il« A* ftac #e*e#>« ti tle# **##&#H#H« th# m almm*
*ef«# thtH fti#® v«lttc(li wd tMi
ft#*tft 414 aot fftftftUuft* AffIftiftftuf*  *» ft tit# «O(ttr*tfic4

» U »a« »oft 4ft eoafM| OIlift titft loft## fftft ft #ft*i#4 of «ta»

*wH#ticd«ftt 1ft ftftith© ft* AMMK *&OF2fttfttt *fe " »*FcA#t ftib* M*ft af «**£#
FUE g a*»a* *»i «# ifc* jok 4ft«f »*e m*w A**IfASA »# tft*
pwo lw tt ftftoftft* ft*** ftficx 4*#|Vv* Vftftit «*« BOB#«#Wbijl taivVMMI
«bovft ft** ««*«« *# ftfta ttMMAKMMt ftofti o# thtt ftittfttuftft
mmEtmt* ffttft tft ft fiujptfeft# jp4iftotfta oSiftr OftftO us* fdds+ H3
ft# t&ft Uftsttft ***8*e tft* #HHHt=f"®HF
Aft ORfUIMMM tudt «U  Aft# ftftftt toft4 foftr ftitk Aft ftftftftftftft  \Vilm
[Iftftitft ftQoftft# *«*# UtU# atftorMft* ftiftftftitf tft* M ft Bfttftrir*«
Hotlftl *#4 f*© llaftftft* oil ftftftft a*#o ttftftuftftftftitfft™ 4ftft m
Aftttfitdi  #© t2if tftfti ftftftt ftftfti Ottt 4#«* tftfft # freftfei*
ft# aft#* atstag «itft A*tftr#

Afte ft# tftf&IftE AMA&ftifir4 »ift @M tn« *«eo* ftftftwititft » ®«r
fr #tiftft*A ftftt ftftftt fkift atft tXidtftftt «B ft V=G iff ft#ftH «&#H#»
wmtm ft* mnt&et mitit *49# titit ft*ft*iift»t r»»4 t« feetfetftftft ftttk tfte
MHCUAftat #H****#e »*y t« t» fHitftt 4ft* t« ft # ffthtft tt>«t thit* atM»*b«6
ott After*##*# ftli#t fM «# «* ojr Aft#* «# fttft ire«**** ft# tkft Imp ft*4
As# nenlnlmm mtommkvw* Tkt mm®™ 1atm fim% #»##etr*« I*ft# tk#

lunp Aft# ftft# AftE** *» e tktt* 9«Mr«ntUft ««*
*g*i **!«#»



Ftwaljji pooio#. *b« «O»ly it« oor®© po*f#a#*i by

fif#« *#m#*1*# too 09%«H am™i botli #PP®«*#« Mill too# la*
ttine m# «*<»e 0il mtki«9ott »» **paf **«* « loo#** Stan*
ri#»* it mm fount that *b# <0*1 «## twy ktilri &« m
ibt* to tbo oosriy i««lta« bofooo Dm mm%>

a »o* talMIDI* toooofitteiy* ft* ystooSofo win oboa«o* #0 tbot
OCKIQIOft »«O IftfM M f#O» tb# Of mm r»M t»IW tiM
eAt an ooafoiiottto vac = Tfil« #000 = poo*

(toot of ft»r isoof pbyolooi *t«Mbgtt bo Nt #0®* mzmMwtmn?™ in it*

eeeA of tbo SooSioy «scttitti<4 it* ail w«rM I* mt mm Um$m bo*
»Xin«Di *»e«e* mtmh pmnrniy p»o»4*to* mm m%*4
Lotftoa in tbft st#»«la»8l 00 HO ftajwt ticO MMiAioA
mm bosiooio* mt tb# tot in Ht« 0090 MttiM*
it* nmm *waoo«t wotta*o**o; «»4U tbol ramTmam bo*  boo#
le*¢  *pO «#00t«ot 4 mt fvrlae o0o» obtoiaof by tbs# io»t
> tal ealr Oboot f tb# pfAfoot PMMtBOt ttatbw M *

fbO FRMH.CH# At tIM » taa™ANi taO #e% e«l#«e «O*IAS ft# »««O0**i Of
b* oonfonaoto pvobobiy oooiitf tbo eoniBio# twmm tbo MvfMi of tbo
Eimp# oof o«#*I#f it o«t oi*k tbo oontanooto*
<ioou gatloil aootof« U 4b# oooiy «p#*tr«nto ft# ewt4oftOO0O*0 NMM
v#td famine tbo #»t#Mti#k pooiof# fb# ptofoot ott«i»#f by f®Ii-
Iwlftf tbt* »f«<MI>H MW mmrt teoeb tot #f blab moiotovo Mmboftt
lit to Si*)* ft* t#ttp#i*t#il LT tbh# <o]#«MMItO OAO fti#r»y« MPMMc«
US «e«ree* «eAttSOAFO lotto atla* tte* «b# 9*ooonoo of tbo m «4wom 4
mmimimm in tbo tolUt of tb» ootoel«te amy b«*o poor»A«f tbo
tiiatAftMi of mibU I M sm tb»o *ooooo#ire tbo wwbot #r **yia«#

ft* MMVtl of ntty M t boo# «*H#e *b# ooteootie#

! 73568



mm

I«tlo< i1ipmra tfea Isytuc to afeaat ad# feat ta* yaataat mm y«srU]|
afeaafeat* yaafcaya «u© to tfea MtiMtou ia ptooMta aaaooA fey tfea
I'caat<*i at tfea ocmdaaaata*

oloana HXtei* tfea *fta of tolojta® aaa afeaaeat f«m ttoa a®
tfta** It wam fa«o4 tfea* « tfeovft patlal fat talaaaa |i«Ufd 0 p?a«Mffe
af law mtmmwm aontoat*

Saolias? MX&B&.* jmoaaga af ai* tfct®xfe tfea aaal aaaa aaa
foaot ta aaaoayttafe taty tlttla tfattftai fttyiag* Afeaat O iMraafta of
not*taro aaa mamma aortas 0 fcemr# of eatatloa*

(MacaatatiU stSBIkSw* *me offoo* of ptaoaaaiaf atife
wartaaa aaaooaiaratiaM of epotatoa aaa <=totta* ia mmpm*Um¥%* m ta
Il afeara «iffar«aa Atlatftarl of *ba lay awalataa mm aaat*
ffea artgtaal Siaaftlay oaatotaa aaaotata# at anoaaatnatatf O0# aatar
an# atlata# tmw aaaa mt lRiaa Laaata fey ratting attfe m
AafSalta *«atfcty of Hat aatar* fa# aaalaloa afeoaai tfea «r*at*
eat afftally f«» tfea «aal feJt faaaaA a 4aaaa tor aaaa tfea tatfae*
of to# yroduot afeft*fe yawvaatat trying to a law t#«roa* Bavavar*
tut# aaattas asamad ta aafear yraaf tfea lodtattaal ia»y# afeiofe ta*
avaaoat tfcair aoatotaaaa ta voatfeattaa« imtpm of tfet# Uaaftta
afetofe aata ytaaaft oat of toot* Aarias opatttloaa Of tala aad feat
oaaofeiaa atooaaa Itfttla «#«* -illation aaot a » « M of taa aaafea*
ofean tUata oaulnlaaa von u*o* it *e« rua* tfeat tfe* 4«<s*« af
dtytois ao« naab araaliat aad fea mfm aamoptloft »«« laataaaad*
..Ifcoaiaa, tfee ytotuat vaa af toot yfeyoiaol atraafftfe* fba taaalta
ifot toaaa aanartooata ata talmjlataA la 'NM 0#

a aa&atftatatia* af M fcf do* 0 iatiaataa tfeat tfc* feaat taaalta

aat i afetataat la aa”a’tiftaat $a« 41* la tala asyotiaaat 10$ fey



*ai«at af ftaaftftar taaiaaiatai »» tta ftaala of tfca »«v #@«i
e+ ftilataft «<uk aa *«m& aeitjbt of ««*«? *«& ia|*«t©d lai# tfea
oatoolaro# fhm raaamag y~dftaat baft 9*m groat-oat pfc?a*«l otraac«tl.

mM& Jtoaast stoiata## oo«**«**e Uft$| «f aa? of tfca MNMNHHVEft UpIM a*

ft# ataatt ao»«<M»tloa va« 41 sitlf ®ro*t«r tba» |1 tha »ip«vtaH t«
aoara t&# arlftittal. Yoo (eo&* m ftoait* *«# in# to
tfto aosftaaoattoa aaaaoft if MV otoa whoa At oaaa la aaataaf
aiii* t&» atatut# -ftftaai tloa ftato *&e tool *««#
*** groat** lbaa i« tia to* ftofd fomvtfeeftfta Oil pora*
tratftaa **» ftotafinaiftod if onratoX to lift feaftftto&

ftla&a* fia jfcfftftaal «9faarftam« of too bpofeaa Ifertp IftlifttiftA tfta
a*t*»t of tfco «U peoatroAKn#

tHfstsok profjtflKis of «j& sub mm Fiiwmmn htmitm*

ffto Uoaltii «ica Ita toom ft* aaftooiava* van taataft
to 9 fifof*tifti fttftaftftert | f ft iMwaftftfttftttra e#*01l.« was Oft*
taiaaft attft ptaaaft is * two ssaaoo $ow tow notat**to *n4 ft»W*B«
aao&faia* fa» paoafta ftf 8 ft taob imp» oar* fa# ftraft toot*
to ftatarolaa ii* bawUittS litlaa#

tfttta ft faftalataa fti* kta ftf p® ftftfVaraat mtpO0%n<mtm»

A aoaaiftoratAoa of ftHo ft obowo Abe* monlimt eo ft#
eit«]A*ft «m oauioj .0« mao la ftftMMMftt »ft* tfeirtaaik

<ad oaftMftoartov poottfto at aantiutoa Aaftt&ajr anal sloe ware oaaft for
a «*e*e of ftit faaofta at mm aaai* Ilit iaaftaaaata **= raaaraft aatu

tbo ra&Moo rarlaft« .wraftlt**®*? *®RK »* *>e ftfaftaat f«n t»«l «0o»
otiocieod aad «raa ftriaft «a aftafc aolatoro* fu© aarfftaa af e** *n»«*e

a»0 aovarad atti taa oai&taaft aotarfto* airoafty rofarroft to#
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