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REPORT NO, 513 o tho TECHNIGAL TEST STATION. oPPAU - GI0S No, A5l
| . B | * Co T o BT T "’_‘,'i : I o
: "TBEMBEHAVIOUR~OF‘STARTING'FUELS'IN‘DIESEL,ENGINES[‘ L
" WHEN INJECTED INTO-THE INDUCTION PIFE I

SUMMARY ¢ When starting fuels were investigated et low temperatures, it wes

found that vapour pressure .and. cetane number both effect the ‘sterting-behaviour,

* For-the most favourable result the fuel sheuld possess high cetane number .and "
. high. vapour pressure (corresponding to low boiling point ), --For: practical use -

. with induction injoction the following ere most suitable, in this order: . .
Ethyjl-isc-propyl-ether.,’vDi‘g‘ethyl'athe "y Di-iso-propyl-ether, and Di-n-propyl -
ether, Lese suitable ere Methyl-n-buzyl ether , Ethyl-n-butyl other, and = .

'methyl-iso-butyl ether, RPN S — -

A

Objed'b, of the tests,

: . The tosts, described in the short report No. 321, on the starting

" pehaviour of starting fuels ot normal temperatures, were to be extended to
temperatures: below 0°C." The possibility was to be ‘examined of using the fuels
'in practice,- e S e S ' '

Te st Me'bhoﬂ '

o ' The tests were carried out in the cold chember on the I,G, test Diesel,
As in the tests described in revort. No, 321, the starting fuel wes injected .
into the bend 4f the induction mmnifold during the induction strokse (30° before
top dead centre) by .an engine operated injection pump, - This ensured that the
—yolume of fuel in the cylinderwas constant for every stroke (see Fig,1l) .
- Since in the course: of the tests the starting fuel was alwnys injected.
into the induction pipe, the fuels under investigation will hereinafter be - -
known os A,S, fuel (to-distinguish them™from A,.Z, fuels, which are injected
into.the cylinder), In order to. intensify the sbarting conditions, the engine

was mobored at 100 rpm, through o self-disengaging coupling to prevent the -
" gears braking the engine at the instant of starting, & Bosch nozzle injecting
with a spray angle of 20° (DV 2313/2) was-used to atomise the A,S, fuel, The
_ ineidence of ignition during starting was observed through e window in the
eylinder head, .. S : T - . SRR

3

Fz.g. 1 shows the vapour g)ressure curves of the fuels irives-tigate_d. '_The,
individunl vapour pressure curves &re arronged nccording to the rise in the. =
_ boiling point (see clso short report No,326)., - R

2

T The following were investigated:.

1, Di-ethyl ether, © ' 17, Di-allyl-glveol
2, Bthy~iso-propyl ether: =i . 18, Di-iso-emyl-ether -
3, Mothyl-iso-propyl ether 7. 19, Normal gesoline
4, Di-iso-propyl ether . - 20, Supraline '
5, Di-ne-propylether ~ =~ - . 7 21, Petroleum gther,

6. Ethyl-n-tutyl ather, o - ,
7, ‘Methyl-n-butyl ether

8, Di-n-butyl-ether,

9, Nethyl iso butyl ether,’

10, Methyl-sec~butyl ether
11, 2-wethyl pentznel
' 12, ievea-hydro-furane
S5, Aeetal

14, Mebtkylesthyl-glycol ether

15, Di-ethyl glycol ether :

16, Di-allyl-ether
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. The fubl dete given on pletes 2-5.rre for the individual A.S, fusls
at reduced vapour pressuro tt -20°C,  The drta in the third colum from the
~ond, headed. 15’2/2 ; are explained by -the following ealculation of the fuel-air
ratio of VAPOUrSim.cie o R o N I

‘The number ofv'x;ibi‘s. of d:éygen‘féqgiréd‘fqr"'fﬁéféombusfbioh: ‘of one nﬁo_lj,

of the oombination CnHpOg is:-

G m & R e L s
Therefore to burn.l mol, of Op or air, 2 or 0,21 mols of fuel are

" “necessury,  In s mixture of fuel and air, the actual fuel content is in
- accordance with the pertisl pressures pt mol (pt = vapour pressure at £°),
lf ‘the pressuroc-.in ‘tho_induction tube is 760 mmj- f.;._jThﬁé-:f_l}e1/Qiralljf'#§:_9_ ig then

z

i -
Zspt Pt ZePt
To attain the thooretical fuol air rc.‘tiqmg‘t"? 1, e minimum v;;poi;r prgssiu‘e of
p =152 igroquircd, In -the third column from tho end on pp, 2-5 this value -
~ is given, as is rlso thot for h = 1,5 for the individual substoncos in. mm,
Hg, with below them the tomrereture, trken.from the vapour pressure tables
_____(Plate 1) ¢t which the crlcul- ted minimum vrpour pressure prevails, Thus,
 according to this edlculation o fuel/air ratio of A . =1 coan still occur with -
die-ethyl ether st -36°, whoreas with othyl-iso-propyl-ether, which'is next -
in.order, this is not possible bolow -27°, The fuels investigated were most
“of them laboratory products, only available in smll volume, Therefore in the
_ensé of some of the fuels nly o few tests could be token, S

SRR _.§‘-='b;21‘ s

—Regults of Tests
. "The compression at which iZnition occurred wes determined ot various
“temperatures, with 160 mms/s’crolge'of A.S. fuel injected into the induction
pipe, This is about the. volume of A,S, fuel which is necessary for the .
theoretical combustion of the air inducted at %+=1, The engine wns motored.
for these tests at 100 rpm, without injection of. the main fuel, The results .
of this series of tésts'are shown in the last two columns of the table, .plates
2 to 5, the lower compression limit being shown under E, with the opproprinte -
temperature on the right, Plato 6 shows these values. in the form of a graph,
‘Figs, 1 ond 2 show thot the limit curves (lower compression limit as o function
of tempernture) have essentinlly the some course: as the temperature fells,’

a higher ‘comprossion is. necessery for ignition,—As the vapour .pressure fells
the curves generally becomeo' higher, An exception is ethyl-iso-propyl-ether,
which, despite lower vapour. pressure requires considerably less compression
then tle ordinary di-othyl-ether, In spite of, their good vapour pressure,’
methyl pentane snd tetra hydro furane sre bad storters, because, os:.shown
below, they do not’ fulfil the seccndary requirement of a good cetone number, ..
.On the other hond, di-iso-propyl-ether, in spite of its very low cetane number
and o less favourable vepour vressure then the two lotter substences, has.a

good sterting cevseity,

hn ettempt was also mede to establish whether, if vva.’z";cus A5, fuels
are mixe: there is an unexpected effect, Therefore, ‘several mixtures of
di-othyl ether of wnich there were larger gquantitios availeble with higher
L boilis Q'A,,S.__f_uels w_ax:e‘t_e_st,od undor.;the’o.bpve conditions, It appeared
however , tha* the mixtures merely raised the compression limit according to

tho -proportion of highqr ‘boiling fuel which was added, . -



' With di-ethyl-othor end ebhyl-iso-propylother, the o fuels which hed -
_the lowrst-boiling points, ‘o rise in compression, under the sbove conditions .

cevnd. apontaneous combustion in the cylinder. above e certein limit, the
“Didhe very c¢ften Striking bo ok into-the induction pipe,  Ignition ‘oceurred so.
eur1y that:-the fuel-wms burnt before compression was over, ~As o result the .
“engine did notTstart, or stopped after: sevoral revolutions,  The course of .
thess "upper" compression limits is shown on Fig,7 for both fuels, togother
with the lower limit, ‘Thus, botween ‘two_comprossions. there is o region in
“which, if ignition occurs with cértsinty, the engine is certein to start, -
With the higher-boiling 4,5, fuels this phonomenon was only observed at higher
temperatures and very high compression (%= 19-20) The danger that the upper
limit will be exceeded if the £,S, fuel used is of -"l:_dq high o gmde can be -
countered by reguloting the 4,8, fwel, = . N I
" . A socond series ‘of tests wes mode to: determine the volume of A,S, fuel.
‘required o cfuse iFnition st constent comrression (= =16 ) and room < -
temperature (-20°), Finrlly, in ¢ third series of tests, Diesel fuel was
injected into the combustion chamber end 4,5, fuel into the induction pipe,:
.end the pressure was: determined ot which ignition occurred at constant volume :
and constant room temperature, ' . R B

‘. Fig, 8 shows .the results of those tests in decrensing order of vapour
pressure, The highest possible volume of 4.8, fuel injected in the second =~
sories of tests was 270 mm3/stroke, (The tests in which imition did not occur

" &t this volume are marked with o broken Iine), In the %ir_‘d seéries of tests,
the engine started.on gas oil olone'ct & compression of ¥ = 20, so that ‘here
the A,S,. 'fuel had no + effect, It may be scen thst as the vapour pressure folls
the starting capacity runs porallel with it,” Mothyl pentene and tetra-hydro~

. furone ore &gnin exceptions, Ignition ws's only observed below & vapour
pressure of 6 mm Hg at -20° with Di-n-butylether, The temperatures t (»=l)

_which tho caleulation on page 2 shows to Yo those st which 7w 1 can still be =
- attained are entered on the right side. of ‘plate 8, But as the examples of .

© methyl pentone ond tetro-hydro furane show, tho test results do not asgree

“with the calculation, thot is to say, the degree of saturation of the fue\l
air mixture does not-of-itself determine ‘the stort behaviour, R

- To estoblish a relotionship between vapour pressure and cetone number. .

. as regards-starting bohaviour, the results—of the.second and third series of
tests wore.entered as functions of vapcur pressure in plate 9, If we now
" connect the.test points of those A,S,.fuels which have roughly tho same
" eotane . numbsF (cotane number noar the test points), the result is a-curve

~which shows the lower limit of-ignition of this range of cotane numbers as a_.
function of wvapour pressure, Those fuels which do not couse ignition et the
meximum iniection volume, either heve rn ndequete ‘¢cetare number with in-.
ndequate vapour pressure (Di-n-butyl ether and di-allyl ether ), or have
adequate vepour pressure and too low o cetane number -(methyl pentone, tetra-
hydro~furane, ond acetal), Di-iso-propyl ether is an exception to thjs general
rule, which in spite of an unsatisfoctory cetanc number (13) causes ignition, -

. If{%he results of thoe third serios of tests (gas oil + A,S, fuel) cre
““entered in the sumo’wnyl“in' Fig.2, it is impossible to ostablish o law, Owing =
to the fact that the Diesel fuel is injected into the combustion chamber "

~simultenecusly the verietions become too grent, It is slso noticenble hore that -

‘Di-iso-propyl ether has o poor cetane number, oud’ yet & Tow compression limiv,

. Normal gasoline (boiling point 65-75), petroleum ether cnd supraling” |
wers Aino investigated for purposos of comparison (see plates 4 cnd 5). Thése:
fusls, which are much used as starting cgents in practice, had less .effect thas
the A,3, fuels investigated, It wos-only possible to obtain results wit
norma i p‘nsh]in;».in the first series of tosts (see vlate 6 Fiz. 2). . '




'!‘he i‘o} 1owing 'bable givee an :.aeo af tha resuite

oy
.l.. ‘l‘esc Seriee,
[ A ...—-—.-—-—-

shc nng 7- nt var

fous_t temperatures A, s, volume 160 mm"’/stbroke. T

?eb ‘lts plotted on - ple.tes 6 ond Te

‘ ; Boiling B Cetune Vapour Pi‘easure T
Ordor of ra:b:.ng f-20° i Point 9C - - ’, Number -1 xmn Hg @ -20° L
A Ethyl-iSo-propyl S R , o I :
ether, o190 B3 .. 92 . 27 o)
T Piagthyl ether | 13 0 36, 110 36
Di-isopropyl ether| . 16 69 - S8 14, 5 o
Methyl—is o-butyl=- { - _ U i -
. " ether: i 19 i 89 .50 2
. Normal gasoline.’ = 20 .| ~66=75 - .. 45 18
. 2nd Test Series, SR
 Showing A, S, volwio QJ ab B - R I R
‘ X . """7}' t i -zoo : ‘. g , .

' Resul'bs plotted on plates 8 o.nd 9, o

Order Of rating. ',,A' Se-. Beiling, Catans | . Vapour’ pressura ™ Hg.
3 /stroke |Point °C | Number - -20% - '

D3 etnyle'bher 50" 36 . 10 75

. Bteyl isopropyl o - PR o

" ather 80 - .63 g2 . 27T
Di-noraxl propyl— Ao BT R e
ether . {7 180 g — 13- 7.7
"_Mothyl nomml. bu‘bxl A : . C
" ether 150 70 8¢ C13
. Di-isopropylether = 1 200 - 69 13 ‘ 14,6
' ~““E‘thyl-n--'mrl:yla'l:he:r 240 92 98 R -]

Srd Test Series

- Gives &under cond:!.tions & = 20°,

Results 'plotted on plufes 8 and 9,

ASalEOmm/stroke S
Gas 0117140 mm/atr?ke *‘ e '

 Order of Ba.‘bing { : s.p.°c Ce‘bane Yo, { . Vapour Pressure - 20,
: Ethyl isopronyle‘bher 9 5’ 53 - 92 27 .
© Bthyl normal butyl | e e S
' ether ll 0» 92 | - 98 6
" Diethyl ether ‘ 12,5 36 110 .75
Di-normal propylether| 13,0 81 T 113 7.7
/. D1~n=opvovyletn9r 14,004 69 -\ 1E N “14,5
Dienwintylotaor 16,0 | 141 | R 2,2
As feias s® ‘1 %t Jsts allow us to drnw conclusions, the following f\.\els are
suv v & fzr ugs as s‘bart:mg, aids with induction pipe injectlon,




f;s;.z,

' e Poimbe i Number o in mm Hg '@ =20°.

Bthyl iso propyl-ether [ 58 = . "9 . 4. o 27 .
» ’.Di-'.o’éhy.l e".:her; PURUIE A ININY 56 e lln%»—‘ i 75 SRR
—.Di iso_propyl ether "~ .1 69 ol 18 R L i
Di-normal propyl ether . - 91 . 1118 e TP

.

‘. Methyl normal bubyl other | 70 . < 84 . w.
- Bthyl normel butyl'other ~ | 2. | 98 6
. Mothyl iso butyl ether i 59 1080 e 24

" ; ~ Tho tests sho‘ﬁrgd* that 'E_he _lce'tqnénu'mbcr}zvx-'n{i the vapour pressi;re.
- both considerably affect the start bohaviour of - starting fuels under, )
 indubtion pipe.injectioh, -but thit the inner structure’ of g fuel is also :
-& factor, as. the exomple of di-iso-propyl ether shows, . T S
' Fig, 1 Vapour pressure curves,

Fig, 2 Starting tests. _ . .

L SEL S =

Rematerial Formula 0._‘1\T.éC.N. Vapour Press. Boiling |Air Red Calor4 (1) (1)
: o ‘i @ -22°C ym, - Pt,°C - quired ~ific | 152" Ignition at
S - S imdKg-i velue Z )

Di-ethyl .[C4H1g0 | O =210 . 75 36 19,41 18110 iN=1 i 16 = =26
~ether I T 1 SRR O L. 10,1083 ¢ 25,3 mm | 11,5 818

B N=1,51 10 =10
DR R Hre— 16,9m i 10 =9

[ Y

-26 |

-25
Y
=20
T w18
By
“wld

Ethyl-iso- (CgHyp0 45% | 92 | 27 53

8200 |A =1
~ propylether -

i v 20,3 mm

- S ) R A : e L2704
- | o N =15
13,5 mm

b L R s =32°

ot

‘O(D,(D(D@OIP

-3
.

Methyl-sec- CgH120i43% 7 60 3) -1 602 9,9 S A R
_ butyl ether ._ 24 0,100 | 20,3 mm K
o ; F R Sl . . ‘ e -24° 16 -25'

R Lo ia =150 12 =15

; . S ©j13,5 mi
b e A o R PAVIR-1- L N

2-methyl . CgH,, {70,5 33.5' 24,5 . .62 . oA=L - 2B
-pentane ' S : T w116 mn i- 19 -20°
ARRNUIRTES R A L S lee272 019 A17
RS PR RS TN R T S PO S qoAal,5 18 L -l4 o

' C B : = : Cooi s 110,65 mm 17 0 =12
: ~s=33° 1718 w9

7

V‘igui-e 2 continued gverléaf,.
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,“‘ng¥$és£é;contihned.,;}W_m

R-material Fqgmﬁlan.N;'C”Nttvapour—Preou..Boiliﬁg Adr. ré;'célqu‘j (1) W @y
L i er-22°C mm, Pt,°C. |quired jific’ 152 {Ignition at .
T T O ﬁj’mﬁ/?géﬁ veluc D B B

Methyl-iso= CgH190128,5% 80 24 59§ 9,9 18425 IN= 100200 =28
butylether | 1 1T S 0,100 1 (2043, mmmlls.v 16
ORI o o 3 IR : —*— rf—‘~-~ ?:\__.‘_,1__‘ i SRR

‘Tetra-gydrc C4H80 ‘ 25 o AT 67 R - T RN R el el
-furane L = AR B S .-*"‘””770;113"“:“”#‘27;6»mm-~wlﬁ»g
I NS N o =180 18T
, . : . = N »:.' ) "‘.' [vv““",;:.- VT’\=1.5 .
T R e R FERLRS E FETE T 19,6, 1m} -

‘L b ' H . N
Me‘bhyl-iso- G4H100 42 ,5740-45 15,5 | 320 9.4l R R e T
propylether B EE SRR R 10,106 1 12848 mmi. 16 =25 .
R S VR IR B o e ,-120 11 =T
S R D R Ee e iael 3
BRI IC N CAREE G e, 9y

% Mixed O,N, with 5% 1,6.9, O, 44,6

1) See test - SRS
2) g/i = g fuel necessary for burnlng 1 1tr. of air
3) as methyl iso butylethor



Fiz, 3 ?.-;s%a’ft_ing'f i‘es’cs;_. o .

| e )
quired, ifio: 152 Ignztlon at

"R-Mh£é£1;iiFgrﬁﬁihfb;ﬁ;fé:ﬁ; Vapour Press,_ﬁ
k S 53 mﬁ/KgQV value'u T V§Z-' °c

© -22°C mn, | Pt

Di-iso- |CgHps0 1100118 |+ 14,5 69 ';zs--1o 25 | b SR AR SO
Copropyle bbb 10,098 18,9 mm’ - 1 =25
Cether: T O I e o IR (N RSt ~ o189 T15 | 18
e I e 2 IR U I T R RO a;=1 5 ! 13,50 =17

A IS IO D SN (U P “11,25 ™m 13} =10
’ R : S : T SR ”J_27o - RERE e

Mothyl-n- - 055120“*28:5"84# SE13 070 1908 =1 e pe0
~ Butylether T . 14 L. joaor o 20,3mm 16 4 -18&
) PR S i - ) o ‘0-242 | .‘m o

? : ‘ ' 13,6 mm

,;Di-n-propyl S TR S R SO . oo
other csﬂmo 20,8 113 7.7 | 91 10,23 87_50 M=l - | 28

o~ 60 r 12 s "13
o IR R Lo S P '1 5 5-'9 B R
R o . . - L ) / Coe B IR \,_140 ImP

70,0078 | 16,9mm 20 | =17

Ethyl-n- |CgH;,0 20,8 98~ 6. 192 110,23 -| 8760 el L =25
Butyletheri' £ SR 1o,09781 - 1 16,9 mi 15 . -15

- LT L T DA M Cieeald 9 | -10
{N=11,5. “
. - IR i . SR N i “~11.25'm¢

PO

Acetal  [CgH1a0pi<O% 467 B 102 8,59 17140 A=1 1= | -17
I R S 10,1183 17.9,mm;;
S . e } SRR IRERTE SO 115mm

Mothyl-ethyl C K 0 125 5 102 18 =10

, i9,9 .. 7025
- glyeol ether .77 o L 10101 ¢

o e |
g 8

© Diallyl 'CGHmo ST am o B4 98 9.7 17860 Nal L~ |16
vgther = , - - et 10,108 - 19 mm ‘

;Di-n-,Bﬁtyl-'ce'H;[gO"_‘ 125 | 22 M1 10,7 19120 A=l = |10
other. IR SR T 10,093 - | 12,65 mm

# Mixed O,N, w:.th 75% ,
*¥ Mixed 0 N. with 757 1 o7

1) See Tex:t. S

. - seepnte

i
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Retltoris? Porm

. Figurg 4 - Starting Tests

¥, Vapour Press,
@ =22°C mm,

Pt, °C | q’%ired‘

“Boiling Air re-Calor

R (1)
T HgnitionatT

°c

 Di-sthyl

glyoolether

lis2 |

e

“‘o,'8‘ =

125 |8

' 7. ¥ -10

Di~is opx‘_op;:y;l’

ether

ClQHZ;ZO-_‘: i

108

158

-10

" Di-allyl-
- glycel

CgH140p 348 77

0,18

- 160 "

-10.

 Btandard
' Gas 04l

45.

65-75

20

! o 18 - 13
.mmnmﬁom.Wﬁh"prgjg'mN.4&8 L :
’ 1) Forf,exip'la'na.tie'x seel text T ' b
' 2) Between n-hexahe. end tetrahydrofurane ';
? I R -
% ] :




Figure»s - stgrting;mestsi,—

.

'Li:c':.ures 111 volume %

Ignlt:.on at

Supmlﬂm 407 2"]\’fethylpGn'l;o.ne "-"8'1'.5: ;.;’. L B
20‘7 n-Hexane L7835

Petrol ether B

. D:.—ethyl ether + Methal pen'bune R L
50 + 50 o e

e

"_12.”
! "-"16' .
L.k

'D:.-ethy" e'bher + Ace’cone
e 75 + 25

50 +.50

fzs]é‘vs-raJ' -

16

”14 5

15

10,5
11

+.-27 :

=25
210

a2
-lf
-10

.22

Dl—etl’yl e'bher + Normal gcsol:me .
- 50 +. 50 Cwe : :

12, 5

11,5

10,5

26,

22 -
14 -
-12

) D‘-e’chjl Sthet +Ethy1 alcohol o S
o ; i O + 50 ' ‘ - ; o »\' .

16

10,5

24
=18
-10

.Dl-ethyl etaer + Methyl alcohol
50 + 80

13

“-17 :
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“Figure-6-: r Stur‘lng tests w1th 1nduct10n plpe 1ngect10n. -

Compégégzon £ ) requlred at ToOom, temvarature W’tﬂ
.__¢60 mnP/ébrcke of AS - materlal 1n3ected in: tra: 1nd

PJ-Pa

\.\"‘ulon

Wl*hout gus 011, startlng speed 100 rpm. -

;" Test Serles 1.

‘~~-compr6851on'
RIS
Témpernturesw»

- o'fdim—te s
‘Abscisse:

Figu e 7 = Upper and 1ower compr6551on llmlts..

' TGat Serles II

’ com’pressmn

Ordlnato.
- tempereture

. Abscissa:l

Figute § = (See poge 10)

Figure’Q’-'Vapour pressure v, cetane numbef for sterting tests with
1nduct10n pipe 1ngect10n. o



‘Figure: 8 - Start:.ng tests« with

ﬁ.m/l.//,.' -g,, . begen, - -Compression & 3
Teat SeTe II:Ln the 1nductn.on pipe
;'Compress:.on £

- Quontity of AS: mL.ter(rf

»v:.th wh

ucjblon mpe 1n36c1:10n (
“injected in
16, wa.thout gz,

v':Lgni’c:Lon be T ‘
ted” 1n the 1nduc€1m1‘pe—«50°

gan.

200
mmd/stroke’ with whmh ignitlon
s 011 AS mn.ter:.o.l ingection

i iv"'AS materinl’ 160" mmé/strcke injec
e, tt————
,.v.b;!'r’est-:_Sor,.. ‘afber: tcp cez:_d:re;_ (suction stroke) L
o IIT Gas 0il: 140 mm5/s-broke injected in 'l:he combustlon chnm'ber 20° L
i K before ~l:op*cen"tz'e (compress:.on <trr>ke) L :
e Supralme T RN _%reutesttggsmble quan’c:.ty tha'b could'
T ,/1111111111 I 'HHJIUuulu/u'uu/u}m-_ iy S T
B Pe’crol ether e K . R
R /llvtpi ». - IluU'0![!111‘14“1"f"441('l'lIll:-'.nll/'-"/‘l‘ll‘:‘-s‘:‘ '-\‘ -
"( 1 ” Da.-a. o-amvl-e‘cher £ Sp- 158° enZ 108, R S
_T/uw;mmm'm/uvrwn«n/:num,u/unwuuj/u 7
0,8 Dl-ethyl elycol other 1550 152 P
= A S IS A l-{l:vtl'ltolelldqﬁl/lllll'll.ll‘l‘—_l“‘-
}' 2,2 . Dl-n-'hu'hr'l —athar - ‘ S 1410 - 125 T
o 77/””//"{ XN ‘I‘I’Il*l‘lf}J[III(/II{,I'/"U“’I'“'
S ~ e ’ — S :
3,4 1 Di-a1lyl-ether : g0 T .
& | Mothyl-othyl-glycol-cther ‘J020 125 S
: '1:1/'41"»'I"Jl'»:c("".a::n_l{;:14‘;lu))-:r:':uu’-u .'
6 - Ace’b-‘l 20 R e ’1020 45 P i +7
N _777’l1'71/ N 'l'll'l/lf'lﬂ“_.g_L'—‘(L-l(l"itlll ,4--,...,,;.4:—_' ‘ o
S T 3 i PRI
- Ethyl-n-butyl-e'bher -. gg0) - 98 | P Cwld
5; . T ./. l/l(),:im”-" > is . » :d'_
KT i-n-p'i'opyl-ether ; 1 -6
- @ o ”""" ""//llfllll/clllom : N P
g S — o oo . -24
.8 13 Le'bwl-n-'butxl-éther CqQ0 . 84 | it
Q DA G AN AT A B )t(__zd . : v: .
IRV D:.-:Lso-propyl-e’cher S 69° B & S : S
<;’§  T/."/’ 1'1,‘,)1‘“5'.«/,./, s s 3 t Conr
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