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GUlll Problelll • In ~lotor Fuels 
Rate of Distillation Refleded in Amount Present. Pre­
ponderance of Constituents Found in Certain Fractions 

Ily II . I'. Rut! a nd Ralpb II . Elipuh 
P.trolfOo.m (bf'mlet . and \ MOt'lat (' .rol ... m .qlaHr, Petrol ('um Z_I)uinuont taUon. DW"t"au of Mln .. ·w. BarilfW,tlltt. Okla.-

(;um 1111,1 ~um·formiD~ comll\)und , if 
tbpy o(·,·ur in molor fu,·I. I{iv~ ril to 
many rrrinin~ lind uliliElllioll rroblem .. 
1'1'110. i1.8 In .tora,,~ tallk .• .,ipin" rar· 
burelor., elc.. mny '1I'1'lIr: mill or vahe 
att'mM, I'RIWl'illlly if Ih "01>-... le.k 
lI,blly. mny t>.",·omt' I·"otl'd ",ith a lticky 

rum .... hil'll iml I Ihrir ftl·tion, aud.ga -
olin "umll bo mol' IH'I'oml' Iii cnln .... 1. 

ltl'fint'r. baH bad trouble ..... llb ,um. 
and rum·forminl{ ('ompound for many 

,'a r1I, l'IIllt'l'illlly 8i1w,' "('ral'hd" ,a o· 
lin' hll b.:.·u pln(·,'d nn the m rllet. 
Val"lr ·"hn I' (·ruI·kl I "r"tlllI 1M .·.·m tn 
b.,~ a I{reah'r \I'n(II'Il") til rurro !tllm 
Iban th crn(''',,1 by tbl' 1i'llli,I ,pba .' 
rrlC'kinl{ pre..... , '1'h l>t're'fntng" or Ull­
uturnlrd hy.I .. " nrbon i u uall) gr~all'r 
In thl' produNa rrom \·apor·phn " (·rllrk· 
inl! III hirbl'r I"ml ratur Ih u in ra n· 
lin.. produl·,'d h, li.Juid ·pba I'rad,illl: 
proc 1'. 

('on .d .... bl.. 'urk ha lwrll donI' by 
diUl'rl'nt inH'lIligolllrR on urn IIn,1 rum· 
fonnlnl{ ('(,mp..un,1 • but up to tbf' pr . 
.. nl tim it bit nnt 1 'II d"finit"ly I,ro, .. d 
JUII wbat l'ompolIlI,J l'all'l' tb (ormation 
of luma, IIltbough it I 1t,'nl'r.lI,. a umNI 
ii, reCict .. Ihllt Ih ... liuleCaIl are th .. 
p.r nt IUt t nl'f'II f .. ,m .... ·birb mil t of 
tb lum in ,0 "Jill< lire f .. rmlli, It rro 
"fohablt' tbat tbp .. art' I'v.ral ,Iirr.rt'nt 
kin.1 or "rum." l' I'h or ",hid. i. f"rm .. 1 
III a d rr.r lit manner or from Ilitrr"'1l1 
roml>ouud . 

T) Pf'8 of Oum 
IIllt typ of gum, thlll whit-h dev.'lops 

... b"n ga ollu~ i, vopornt~,1 or Itorrd in 
Ib pr _ "m'e of air h.1I hi' n Itu(li"d by 
,mith and III" wbo ('lime to tb. (,011' 

atd bydu forml'd by the 0 iflation of 
olrfilles or diot.finr". Appllrrnlly Ibil is 
not KO with 011 pr'lIlu('1 ft III outbor8 
fIf Ibll Jl8per ba\'(' t .. Il'd arHral ampleR 

l ,n olin.. thn l ('onlainl'd ,um. a011 
other ampl that fnrllwd gum., and 
... rt un.ble to dl't,oet aldrbytl •. Brooks' 
alall' th.t thr Cirst Mlt'p in the formatioo 
of rum in rat'k ... 1 10. olin i Ih~ rormo­
linn of orgool" J)('rosidP.II lind tbat tb" 
I:um is m.rrJy tbt' od product of Jl(.ly­
m,'riu-ti perosi.I,· . 

In '''lItord to tbt' gum (ormed by oxida­
tion ~Olitb lind ('ooke" It.t .. : 

"The IImount of ul1 .... tur.t.d bydrocar­
bon. pre."nt in • ,.mple of ,a oline i. 

. Publlah".l by p rmlMlon or lh. director. 
Unltetl 8tal •• Dur •• u of Mlot. (not .ubJlct 
to topyrlllhll. 

'8mlth. N . A. C • • nll Co k~, M D., Gum 
P'ormlna ("onlt,t..afntl In Oaaollnfl:. Bureau 
ot Mine. Reporll or Inv 111.all na. 8 r.al 
No '.U., 8 ptom""r. UU 

'Drooka, D T . Th. Cb~ml.try of 0 ao-
lin.. Ind . and En.. em .. Volume 1 • No. 
II ' No •• m",. lUI. P .... 1.111, 

mlth. N . A. C, .nd Cook •• )I. D. Work 
cltld. 

FACTORS IN GUM FORMATION 

There are two or more kinds of gum in gasolines and apparently 
one klOd can form without affecting the unsaturation of the gasoline 
(a d termlOed with l u lphurlc acid). 

The rate of distillation or fracul.lnation has an effect on the 
amount of &um formed 10 the gasoline and It is believed Ihat 
polymerization take . pia .. during a slow diltillation, so that the 
polymerized product may be separated by virtue of their boiling 
poinls. . 

A preponderan~e of gum-forminJ. constituents occurs in certain 
fractions of I' ~asohne and il is po SIble to seiregate these fractions. 
It i. thus po 'slble to epa~ate the gum.forrrung fractions of a &a,o· 
hne and treat each fraction as needed. . 

A the fractions containing the gum-forming constituents do not 
have the ame di ti llation range for all ga olines. no gener a l r u l e can 
be followed in fractionating gasohnes, but it i. neces ary f or each 
refiner 10 make a study of the distillates he IS u 109 and f ractionate 
accordingly. 

u UIIII) I' lirunt ... 1 by tll'lC'rmiuilll: Ih .. 
. uhility of Ihl' g8 "Iill" In f·ol ..... nlrall'll 
.Illph · i.· 8.·i.1. I II .... 10 r 10 8 Cf'rtllin I( 
Ibl' KlIlllllnl of gum thot <"IlUld bt malh 
(rum II 1111'1., of II llin., It/lfl aoy rela­
lion to tb., 'Ull atur.titlu,'. 1I d ter­
min~cl , u allll'le WA 1.11111·1 fur 100 bou 
in Ibl' IIr "nl o( \\lIt ... \\ itb a rurr III 
of nir I'A inl{ Ihm 'llb it. At th., ('nd or 
thi tinw Ihe om"l" w. .1.'('811h',1 from 
Ih,' pamt",1 ,um " .. III tb~n .Ii t!II,,1I in 0 

('urn'nl lOr 'ClI~ II' I.'nm () Ih.t any gUUl 
Ihnt ha.1 (orm. (I in lb gn olilll' il.8t'lr 
'·IIul.1 IH' n"·(I\·f·rt·,1. Tbl' IIi tillllte rrom 
II", ,1 .. 11111 (IL lillation ..-r.a alltnin 0 itlizt'tI 
itc th,' prl"','n!',' of wnlt'r for 100 hours, 
811.1 thi. IJrfIt'f·'. a~ r"IH'ntt'd unlil morf 
hlln i Ilf'r '-"Ill or gum hud hl't'll oil­

taillf'd . '1'Iw 'Ull ntutUlioll' tlf th. orig­
illDI Jtn~u1inf' W 'l"4 1~ Ilt'r "f\ul; the 'un· 
'olurnlion' or tl ... gnolill" (rum whirb i 
per ct'nl oi gum bnd hi' n madl' WII Ii 
I'l'r (·"nt. 'fhi f( lilt Illtlimtl' that tbere 
"on loe nil 'Iulllltilnliv" rrtation betw n 
lb., 10-(',lh·.1 'ulI.oturalion,' nl me.RI·n'l1 
by .olubility in lulphuric af'itl, .nd tht' 
DIllOUllt of gUIll Ihllt "nll hI' mlldt'. 'fo 
.-tll,,·k tbi poinl, two ~mJlI .... or gil o· 
lit ... \\I'rl' prf'pnr ... I. On mplt' "'0. n 
tli.lilllllt' htlilinl: hl'tw I'll 11t1 C. (:! -!' 
F.l nnd lit) ('. (33 • F.l. Tbi pro<iut'l 
",os thorougbly Ir('aled with add aud 
aJkali. all(1 1IC\C'r Iwing tboroughly w. ht'd 
it W8. 1"1l1ll tli I ill ",I OHr rau,ti(' pot88h. 
It waH an lib olult·ty wolt'r" hitt' prot!· 
uC'l witb 1111 ,,"lirfll' ",rl't odor. Thr 
'un'alurntioll' WII" It'· thl\n 1 pI' r ('('nt. 
Th~ N·on.1 nml'l. wa prrllUrt'i1 by 
,tillillg (·rRf·k,·tI g8 _ .. lilll' OHr caustic 
1")la b. Thi. IImpll' b3ti an 'un.atura­
lion' of 1 pI'r r nt_ EII"b of tb" e IBm­
pl,'s was oxitli&l'd by be.liul under. re-

nu ('o ... dl'n~1'r on a Btt'.m blllb ..... Itb n 
grntl .. I'urrenl or air Cor 800 bour •. Tht 
,·ral·" .. 1 gil olinI' wbirb origin.lly hRti 1 
I~'r ('('nl or 'uo 8turalion' deHlopl~1 ' , 
I' r I·.nt or I{um. aod lbe 'un Rlura .,.,. 
01 Ih~ r idulIl ,a olinr ..... 81 ,lill Hi Ilf'r 
I't'nt. Tbp 8sturated ,ololin .. d.'·l'loll Ii 
O.!li I~'r ('ellt of ,urn, aDd in the pro t· 
III'n'lolll'd 8n 'un aturalion' of pl'r cfnl , 

"Tb .. fi/(ur ('onrirm lbo I' r<ported 
niMH., Ihot th .. r.' i no dirrct l'ounl'(' tioo 
b,'I""l'n 'Ull. nturation' .1 d.lcnniopd by 
fllubilily in ,utphuri(' .ri.I, and tb .. Il('r 

"pntoll:" or ,lllll Ihlll ('on b. forml'd from 
gn olinl'. It houl.1 b .. nolecl, bllwPHr, 
Ih. t Ih" author bove n t att"m"I('d to 
IIlf'n llrl' Ih .. Rm'mnt or kiud or "un­
""turnt .. d' bydrO('arbon pn' I'nl in ,oao· 
lin.'. Tbe Rlllphu.-ic .cid I~ t i. t'ml'irir.1 
nnd m.y ind.rat Ib~ prl' en,,1' or mllny 
"otnpl)und olh,'r tban ·uI18alur.I,·'1' h,· 
dro('n.rbon, ." 

Thl' If' tft ju t fluIllt'oI wl'r ... mad" und r 
rflllflition tbllt woutd not occur in tb .. 
•· .. mml'r.·iftl rrCilling, torag" anol u t of 
mlltnr fUI I. Tb .. ,. indi ... tt', bow.'\, r, tbat 
wbil.. tb~re i no qUllnlit.li,· rrlation 
twtwp,'n "un aturlllion" .ocl Ium rorma· 
lion, n '·ertbl'll"". the" aturalt'd " mlllp, 
rinl wn mU"b mort' rt'si tant to rum 
(ormation . 

Olhl'r inr .. rmalion, bow \'rr, oblalnpd 
in Ibl' Inllor"lory lind from tb" literature 
"f'mo to Ihow thot certain tyJl<' or I:ums 

art' I'nu' d or forrol'd (rom un alumt!'d 
b)'lltfworbon . Treotmrnt or ('rark",1 
Ilo-nlinr. \\ itb a(,id u nlllly rl'mo,. tbl" 
gum.furming ron. titllfnl.: , '0 por-phll 
Irf'oltnl'nt witb (uUl'r·. I'artb 1,.,I~m.'riz ... 
lbl " con lituellts to bigber boiling f'nm' 
l)(Iunds wblcb are remo,'ed from tb.. • o. 



Ii h' \'n\>ora by \'irtuf of lbrir lIi"b I • lin, 
I inl, 

3.·bl· Ium d trnninnlioll nwlbll.1 IIOW 
in<1ic-o tl' tbl' amollul of Iflllll ill tilt 

;ell illl nt tbe lim(' Ibl- Ie t I mnd~. 10' 
"I'IIlt'r with additional IUru tbal may d • 
nloJl durilllf tbe tl' t 1t1(·lf. 'l'herr i • 
,;rl'1I1 IlifCHI'llrl' b lw('('n thl' "urn ('onl III 
11M Ill'll'rm;IlI'II by laborotory 1(. II lind thr 
UIIIIIUIII "f 1111111 C .. rml·II In "" IIlinl' 011 
lauding. 

l\lethod of urn 0 t rmlnaUon 
'1'1"" lwo ml-thod ('omlllouly u -<.I III 

,,"'.1'111 ftre thl' ('(lII\,(·r·diob IIn.1 lb 
It-om'IInn m"Ibod • bolh of wbkh are 

in !:"Ill'rnl U I' hy r .. filll'r iu II('II'Wlilliu, 
Ihe ,,11m ('ontl'nl of "n (Iii III , Thl' rOIl' 
\'I'r·di h roNhlHI il Il('rllnl' th~ mo I 
\lillt,l,)' II,Id. 1> uu· "tnl(' Ihallhl' 1'0111''''' 
tli h mf'lhod .8 dl-,i ('d by 1<'. ',Hobin. 

011 and hi' a 'odaletO of thl' Atlantic 
\tl ' Ci IIi 1111 o. a onl' of th.· I .. III U I'd Cor 
/11'1"1;011 ,1I"olinl', Thl' .'IIJlIH-r·dIKh IIll'lh, 
",I tI ortl!nllrily rllu 110111111)' ohowK morr 
"'"111" Ihan th o('Iunl lum I'lIntl'lIt of tlw 
IlrtJllut'I. Thl iM I' I)('('iolly Irlll- III IIro<l . 
IIdM rlllllnlllill' oulllhllr or oulphur ('om· 
pounll. bl't~III" oulllhllr aud III"hur 
1'010 1'011 lid ullitr ,,'ollil) \I ilh ('oPlll'r Aud 
form "opper ulJlhidl, • I hI' lum ('011' 
I~llt oC Ibl' produ(·t iM d"ll'rmined by the 
ill"n'I' (' ill wl'iarht of Ihl' di~h. it i 1'\'1· 
d"111 Ihat !l Inrarl' porI IIf tbl' illl'ri'" I' in 
w"illhl may hi' dUI' to I'OPPH oIlIJlhl<1I·. 
Fllrlh"rmllr • till'''' 1ft a I'hnlH'l' Cor 0 i.la· 
tinll (If Ihr 111'/1\ i"r frlH'tlon of tile gu ... 
Ii".· <Il1rillg 1'\·UlltJrftli .. n. "hi ' h rl'~ult in 
II nl1I1'I •• ,.1 ilWrt'lh" ill tht wrlarht of 'Ium 
IU Ih.· .Ii.b. 

In Ihl' Itf'nnH'Hn nll'thotl dl'\'1 I'll hy 
('1'''1.,,1 for mnking IIl1m drtl'rmin lillll ft 

nIHII\(- <If th,' Kft~uline i~ I'\'n\lorlll~d In a 
gIn .li.1I in 1111 IItm. Jlhrre of IruUt . 

'1'hl1 II idalinll meiliod de",loll<·.1 b, 
""",h.·., n.ul Ei illg.· ... dl'll'n"ilil' thl' 
xum ·fnrrulng )trOp"rli< tor It ca .. lillI- by 
Iwnlillg it in C,,"II1Ct w.lb IIxyg.'n for ft 
"I'rlnill Pf'TifNI Thl. LD,'tbod will che nn 
i.ulknlinn of Ih.· amount of cum that 
may form in Xft olinI' on Rtnnding 1'1 
"torn g.'. Of th diffrrl'1I1 ml'tbodl 80 fnr 
de\'1. I'd for determinlnl( arllm~ in gn olill(, 
Ihe gla~ ·dish ml'lbod 1111 d,·\ i81'd by 
('ookr' or with light LDodifi(' IIIion, 8,·.'m~ 
to be the moot reliablr, 3.'hi~ mNllol1 

tn "n , E. \V., l uto r O •• ollnl Prop.rll ••. 
. fa ho rtunry I t, th ode o f T ' ltln, an ,1 Pr c . 
t ie tl Spp('lflc tio na. Bur.au ot Min • • Tech . 
n lr.tt l Paper 21 • • P d K. ~ i. 

.. • .. ok ... M. n . -\ Convent"nt :a.tethod tor 
n " termlnlnc Ourn · Formln .. .Material tn Olll· 
ollne. Bu"eau or 1I1n"!l R"'portl or Iny •• • 
IIIr lona. Se ... 1 No, 2. II., AI 7. U~I. 

·Voctrhee,. V .. &n41 EI.ln •• r , J . (), b. 
rmportan e: . an,l SIa-nlfle.nr. ot Oum 10 
Ot .. ollno. AnlPrlcan Pf'troleum Inltltute 
Dull.tln l..n · IO, No. J. lit. 

'Cook .. M . D. CIIO<l, 

«i\'l'1I Ih IIlnoulII .. f fir 'f"'lIIt'd xum in 
Ih.· XII oli ll '- III Ihl' linw of II t plu that 
\I hidl 11111) r"lm in Ih.. II oline while 
Ih .. I, I is IHlld.·. TIll' 0 i.I"Iion met bod 
.. f ' ·',lIrI,,· 1111.1 J..:i incl· ... i. on I' of the 
I .. I ItH'Ihml n lor dr\i ~d 10 dl'll'rminc 
tI", pOII·lIti.11 gum cont~ nt of n xo olinI', 

'1'1 ... 11111<111111 ,,' ~ 'm thnt will rorm In 0 

1::1 .. Iill.· ill II , will tlf'PI'1lI1 on tbe 
1'01111""11101. in II .. ' jln''llill'' 11.111 thr lenltlb 
nr liml' il I,,"d ill ol .. rIlICI-. 8unlilbt 
1I.·.·.'ltrllt.. II ... formation of guma and 
/:U "Ii II ,. ,·),1' .... ·11 0 nnli"hl will develo\l 
m .. ,,- I:Iom Ihnn if iM 10n·.1 in t:arkne . 
)1 .. I in\.· li"lIlUrI agrl'" Ihot It II the 
Jlrt·fllrm,·d lIum in II "Iolille Ihat cau-c 
Ihl' inn I Imllhl.· wh"n IIl1l1lming ga olineM 
II rI' 11."11 n~ mlllllr lul'l . Thi hI" ,III tile 
.'" " , I:ft • !iI,,· Ihnt IIr.· 1",1<1 in tornl 
r .. r II I'UIIMill"rnhlt, IIHi(l.1 of timl' beforp 
II I' huul.1 IH' II r..till"II Ihnt till' IlIJ" ·i· 
hilil) IIf rllfmillg .,,, .• , h,' um .. uut. or 
1:11111 Il.· I'lilllilllll".1 

l I' of Inhibitor 

CUll idflruhlt· illtt'rf-, t h":'l1 bf"t'll huwlI 
.Iurilll: th.· Ift~1 r.,\ munth in th.· U'(' of 
I'll mit-III Inuibil"r Cnr till' I.rt'" ntion of 
Ib,' t'flrmnli .. n nf ·um. ill 1:0 oline in 
I.'IotnrnJ.:"I'. 

ApJlllrI'lI(1) ""'IMid.·rablt· work ho bl'('n 
""n,· 1t.1· ,Iifrl,r"nt inl'l' lillnlorM IIlnng thi, 
litH" hut lI .. t mU"b btl b<,"'11 I'vbh.hl·.l. 
'I'h.· illrllnnnlion nvnil hit·. bowl'lI'r. ilHli . 
f·nl.. Ihut ~udl •• 'Ii" ,\ill r. nl. It. :I · nuph · 
Ih) I:llni",'. hy"rllllllitHhJI'. lI"d l.h,·1101. 
'1"'11\ III hl\\.· tI,,- h.· t plI.~ihilit i , ' ilIon, 
Illi. lilli , 

'I'hl' rubl" ' r i ll"l1 I ry bas II "'It· n lot of 
wllrk "II II", " •• ,.f IIl1li'lxi,llInl" nntl it 
iM I'" ~ihl Ihlll •· .. ".i"l·rnhl" ;lIf .. roJution 
.1 hii'll I ny h.· uhlll irH·d rmm thisourl't' 
1\ ill III' of 11I \t,, · In II", II. trol.'um ill 
dn.tr) . ' 

An) '"ll i", ' <l o nl In hI' .If 1,. 'onulI\lI· 
Inlnr l u Ih,' I Ir"II'1I1II hulll Iry lIIusl hi' 
1111.· 111111 i ")" '111' n n.1 1"1\\I'rful II thnl 
it iH """ :Ir~ In 1I.1t1 nnly n \·t'ry ~mall 
1"'ff'Plllngl' I Ih.- g il nli.H· Iu ol'('omplilh 
I hr d.· ir.·.1 "·MIlIt . T .. Is IIIn.le b,)' tile 
nUlhor in<lit'Rlf' Ihnt in ""III'ral a Blow 
rnl.· of distillnlion hn I m"' I IH'lIefici81 
(,rr. ,,·( 011 ('olnr HInhil i!) nlill o n Ihl' elim· 
inolinn n( glll1\ C"'II ' I 1':( .. lillr. Poly· 
m~riznlioll mny 111' ('011111 for IlIle I II a 
III" ,li_Iillntinll \\\lI'rl' till' \'nl,ors IIrp 

('OIHtt'Il!'oi(l(1 nnd fP\"nporizf'll oftrn, tht' 
('olor nllll gllm ,furmillif f'OIl IIIU"lIts In 
Ih.· gll"oli.1I' mny b ('hnnl: d to hi,hpr 
hoiling IJllint \lrlJllu('1 . 

.\PI'I;"otinll or thlM mpth",1 "nll hi' 
nud,. in tI,,· ,li.UlIalilln flf gu lllilll'. ill 
thl' rt·(jlll'rl but Ih,' '11I""liOIl OM 10 whnt 
,'xll'nt lilli' '-1111 rllhll'e thrnuglillUt iu or· 

·\'oorh •••• V" .n<l EI. lnll r. J , O. Clt od . 

dl'r tn IIlllk., II l,nHlul'l requirilll Ie 
dll'lIlit'nl trt'1I1l1WUt i. nil .'.'.II .lImi., one 
Ihnl ('Ill'll r.·(jll.'r witb hi. own I'lIrtil'ulllr 
1"IU il'IlI"1I1 IIl1d I·t UII mUMl work out. 

1)1 trlbutlon of GullUl 
If '11111 dell'rminotionM nrt' mude In 

~imilor gU.lllinl· hy ~i,her tht' COlll'I·r. 
dish or 1t'lImon'lI ml'thotl. it is noli.'I" 
II hI Ihot 1111' hlgh"r Iht' boilillg )J<Jilll of 
thl' l.r.)/I.l·1 Ih,' high"r th,' PHI" utoar.' IIr 
1:11111 • •• 11I''';lIl1y ill crlll'ked 1:0 .,Ii.l(', How . 
f'\I'r. II,,· IImnnnl .,f rllm th t ('Ult, Ollt 
wh"11 >111111'1<- nf go nlilH' nrt' nllowed to 
XlIIII.1 ill .I.trllltl' II ... • IIl1t 1I1'11I'lId on tbe 
I·"ilill'( rnll/:" (It Iht' IIroduct. If nom· 
1.1t· IIf I:n IIlill(' i rrnl'liuualf'd ir. 10 III'r 
""111 .'UI IIl1d !111m df'tl'rmiustiull Brt' 
IIllttlr 011 lid, "111. IIII' hl'o\ it'r (rnl't!oll~ 
"ill ~hfl\\ tI,,· IIr"1I1 ... I 1"''''''lItllle of IIl1m 
Oil Ih.· utl,,'r hllnll. it tllI'~I' 8mI' frill" 
linn. IIrt' 111/(1\\".1 tn tund I' IJI»<ed tn 
811111ighl. ""ml' of till' lighlt'r Crnel illUM 
mnl' klwlI till' g,,'otl'"t l)('r('('1110 (. of 

11111 nllll 110 1:11111 moy he (f, rmed or (.t· 
IIt',1 Ollt of 01111' uf Ih .. hl'o\·it r fra('tion • 
III a.hI!Iiun, 1111' Crlll'tinllM iu lIi1'h th 
1:11111. flll'lil IIl1d .'ttlt· oul IHl BIUlldilll tlo 
11111 hn\,' lb.- 11111' pln"I' ill Ib Iii liIln· 
linll rtl.n ... • ("r nil 1{1I"'Jiinl' .. 

'l'rI'III.,1I ICIl .. 1i1H' uft I' 11 how a IIrl·.! - r 
p..r",·ntogl' uf 1:'"11 Ihan ulltrl'ated go. o· 
li.lI· ; 1"\lI'('iAII)' if til(' I:n. olill Il"~ bt, II 
In'otl'll n('('onlillg to Ibt' doctor metbod of 
""I'II'ning 01111 nn I'X('I of lulphu r hON 

hl"'11 11f1l1",1 al Ih(' time of tn·AliulI. 

('ro .. kl'd l:o""litH'. thnt hnl'l' becil 
Ir"ul",1 \I itll h) I>o('hluritl' of tell ahow 8 

g ... ·ull·r 1"' I'\"'lItlll:l' of I:UIll Ihnll 1I11ll'l'ut"d 
gu .. l i lli ' 111111 M Iht' -Irt'ligth of til(' I)YI)()' 
• hl",·il,· ho. 1 .. • .. 11 "lIn,flllly conttolll'd, 
(lll "lill" IlII1Y hn Ir.·III1·1I ill thl' liquid 
pho-.· "lth nhorI'Ih., mlllt·rinl. lll'h 0 

rllll"r'M "1rlh 1111<1 . ilil'u .grl. nn<l 'IH' (·"I"r 
'\'111 II IIllIly hI' imJlrm'<I. hilt thiM trl'1I1· 
nwnl nJlpnn'1I1ly "fl"11 _Inri 11 p"IYI1,(·ri". 
IlIg r"lIl'tinn . nlHl oft", lon"illg th~ )~'r. 
.·.·nllljl.· of gllm muy it1('r~n.l', I n gnMO· 
liI"'M IIIl1d.· from n(·i,I,lr.'ull'll Itr'· un' IIi •• 
tilllll p." 10:11111' flUil1' oftl'n ~~ttlr out lind 
ill" f'olor hp"flUH unRlubl(~. 'rhi!o1 may be 
nltrihlllt'tI In fl ',Ir (urn.fl ,1 hN (l f(l, 'U1t 
.. r II,,· IIl' ill trf'nlm"nt nnl! dillllolHd In 
rtlt' J,:' H!'oulillt ' . It hua h('f'l1 ohst1r\"(ld by 
tI", IIl1lh .. r Ihnl Ih~ t<lrlilutiull of gum 
11.,,1 .'olllr i lt Illhilil,\' ('1111 bt' O\lllrt'('inbly 
rt,.ItH· II i r. wh"11 rt·runl:ing o,'ill~tr~ot< •• 1 
111"""111'1' " i l illllll', tht' gll>olille \'n\lor~ o. 
Ih .. y ,"'IIH' rrHln Ih.· ,I,ll Ort' \\'n hl,.1 witb 
wol,·r. 1'rllhlll,ly till' 1'~I"rs IIrI' di'''IOlvl'tI 
h.I tilt' wnl .. r IIIHI Ihll rt'nIOH'Il Crom thl' 
,8 olinI', Till' u<r of water fJrodul'l', ~e· 
'ult. ill Ihi. rt Ilf'!'t o. hl'1I"rit'inl 8S a 
I"nm di~tilliltion, Th .. u. r o( B rou , IiI' 

wa h 81so r('duel' Ibl' formation of ruml, 

R."".;", ... llrum fIll' ()d '"111 (; '" J I/l/TlII.I. 1',,1 ... Okill .• i\~", ' 01 Ihun h. }qJIJ 




