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petroleum refining gives an enoraous and ©heap supply

of cracked gasoline fractions for organic synthesis, how-

ever, most of the research work haa teen dona on each

reactions aa ehlorination with subsequent aydrolysls,

eaterification, nitration, and hydration, often, these

Kathode require expenaive reagenta. Vapor phaaa oxidation,

on the other hand, haa the advantage that air la used.

This raw material is both cheap and eaey to handle.

8f inveatlgetlng the conditions favorable to the pro*

duct ion of aalelc acid, it la hoped that the practical

application of hydrocarbon chemistry sill be increased.

A process for the low eost production of aalelc acid ia

desirable because of the numerous uaea of thie acid.

aalelc acid doea not have the voluae doaenrt that such

oxidation producta aa phthalic anhydride, anthrequinone,

and benzoic acid do. However, a number of novel usee

have been developed and proposed, and, with the prepara-

tion of useful derivativea, increased coneunpt on la

probable.

aalelc acid aay be readily converted to stelic acid by

heating in aqueous solutlea under preaeure. loans (1)



states that aodlua raalale la recoeaetnded la fooda for

peraona who cannot tolerate sodiun chloride, la also

atatoa that malic acid aey be und la place of citric and

tartaric acids as an arganle acidulent,. and tiiat calcium

aalet* la uaet .ecipitate calcium tartrate la via*

making* Succinic acid* derived by reduction, la being ueed

In the formation of certain reslas which are uescribed by

: redley, Kropa, and Johnston (£}; and aalele anhydride

realno, a* deaerlbad by the same authors, are finding

increasing uac in the formation of varnishes. Vincent (3)

found that malelc acid condonaea with poly-hydroxy alcohola

to give realaa for apeelallsed uaea. invest i ations of

terpeneiaaleic anhydride realaa by Littaenn <e) a! sow new

uaea for thla plastic, i-owns (1) found great promise of

the uae of aalele anhydride la the ilola-Alder synthesis

which eivee new acid anhydrldea in quantitative ylelda by

direct addition* He etates that aalele acid la useful aa

an antioxidant for fata alnoe Ita effective concentration

and aolubllity are both 1 part in 10,000 of fat, and any

excess la merely filtered off. Miscallanaone uaea *r* the

treetaent of cracked gasoline and for leather tanalag to

replace lactic, foraie, or acetic aside*



REVIEW 0? MSKfiAtURE

aleic Mid hai been produced by StMl«» (6) awl by

Bllas and Walah (i) by the catalytic oxidation of furfur-

aldehyde. Oxidation of eycloperafflna by Miles and

Welsh (7) £ave aadelc acid. Faith and sehalble (ft) auc-

ceeded in producing naleie acid from erotonaldehyde, and

unsaturated acids vara eatalytieally oxidlsad by Faith

and Yantai (ft) to giee aaleic acid.

REACT ,0!fS OF OLSFiWS

Olaflna (1G # p. 247) say polyasrlae, rearrange to

iaomeric hydrocarbons, and decompose. At hi^h tenpora-

turee, all three react 1cms nay go on simultaneously.

With Inaraaalng temperatures, the first reaction la gener-

ally polymerisation, with more heat, isosierlast ion la the

predominant reaction while, at atill higher tenperet res,

decomposition takes place. The presence of a double bead

(fee) exerts a aarkad Influence on tha strength of tha

other carbon-carbon bonde In tha Molecule. In the aystom,

C«c*C*C, it la conaldered that tha C% hae greater stabil-

ity than tha C*C bond.



Oxidation reactions are generally thought to be most-

ly the format ion of peroxides (10* p. 8U7). lewis (11)

found that snylecc la oxidised to a peroxide which do*

composes readily giving riae to further products such ea

aldehydes which, la the presence of oxygen, are further

oxidised to C0g and co. Ha heated anylene during a

period of ft* hours up to a temperature of 240°c. when fc.6

to 44.5 per cent of the hydrocarbon ess oxidised to C0g

and CO.

am A??******

Analytical Method*

Maleic acid was determined by she barium maleste

menohydrate method aa modified by Faith and ftahalble (

Cheek analyses of known mixtures of maleic acid were

ace rate within one per cent. The parity of the barium

maleste monohydrste waa proved by the quantitative eon*

version to barium aulphate In the uaual manner.

Analysis

Calculated for C
4
H

fc
o4Da<ife

o, Ba • 60.96 per cent.



amylene, found t 51*60 per cent, 50*30 per cent,

01.40 per cent, 50*80 per cent.

Methyl * entens, found; t 51*60 per cent, 51*50 per

cent, i.w.50 per cent.

Bepteoe, found: 50.50 por cent, 50*10 per cent.

Ceprylene, found t 50*96 per cent, 50*74 per cent.

61*55 per cent, 51*16 per cent.

Keltlog point*

The solid products whlah eublimed on the walla of

the ice-cooled condenser gave the following me1tine

points t amylene, 132-155°C*J methyl pentene, 155-4°c.;

heptane* 154-6°C*j end eapryleae, 155-4°c.

aldehydes were determined by the neutral sulphite

method. Carbon dioxide waa determined by eerubbing an

aliquot portion of the eatnauet geaea with barium hydrox-

ide, filtering, and washing the barium earbonate formed*

Thla praalpltata was than dissolved la hydrochloric acid

and again precipitated as barium sulphate* The carbon

dioxide determined on each run waa corrected for error

dwa to abeerption of the gae from the atmosphere during

klpulatlon, similarly, the carbon dioxide from the air



•

used for oxidation was subtracted, and than the portion

doe to oxidation of emylene to maleie was also subtract-

ed. Finally , the reeult was divided by five to £lve tme

mole* of emylene completely oxidised to carbon dioxide*

Amylens oxidation to aldehydee and other aeida was not

eonsidercc. in the above calculation because the moleeular

vale'his of theae products are unknown, other aeida were

determined by difference from the titrated end gravi-

metric determinations of maleie acid, and they are re-

corded as valelc acid.

Apparatus

The apperatue ueed vas of the usual type for oxIda*

tlon reactions. Privary air was passed through a drying

tower and Its volisse measured by means of a calibrated

flowmeter. Tha hydroearbon vapors were brought to tha

reaction tuba by means of dry nitrogen which vaa bubbled

t rough tha liquid olefin* In order to fl* the vapor

pressure, the olefin was held at a constant temperature*

The nitrogen emerged with a constant partial pressure of

hydrocarbon, and tha total volume of olefin was regulated

by the flow of nitrogen* Measurement of the flow of

nitrogen was by means of a calibrated flowmeter* At the



entrance to the catalyst tuue* to* primary air for oxida-

tion was mixed with the nltrogen«olefin mixture* A mix*

ture or vanadium oxide* , the catalyst, was held in a pyrcx

tube 2*5 oestlmetera In diameter and 96 eentlmetere long*

catalyst lengtha were varied from 8 to 96 eentlmetere*

Beat to maintain constant temperature In the reaetlom

chamber was applied by placing the tube Inalde a small

electric furnace with a bank of lamps for control*

Temperature measurement was by mesne of a movable thermo-

couple Inalde e small Pi rex tuba projecting into the cat*

elyet chamber to an Ice-cooled flask* solid product

sublimed on the walls of tills vessel and on the walls of

the air cooled flask into which the vapors flowed next*

Finally, the gaace were bubbled through a flaak partly

filled with water, and the remaining maleic acid was

SOURCE OF AnfSKXaXS

The technical amylene and the eaprylane used were

from £eetman Kodak Company* The heptane and methyl pen*

tone were obtained from Carbide and Carbon Chemicals

Corporation*
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Space Velocity

In floe ayatema* the fractional eonvereion la da*

tannine* by the tie* curing ehieh the reeeteota ara In

contact with the catalyst {12, p. 96 )« Tne tlrae of con-

tact la measured by tne rata of flow and tna quantity of

tna catalyst. It can ba treated In tarns of apace veloc-

ity* Space velocity la defined to ba the volume of gee

at standard temperature and pressure passing through a

given relume of catalyst apaca p*r hour* It any be re-

ferred to any principal eoaatltueat of tna reactlac fix-

ture* The yield of deeired product in unit time per unit

volune of cetelyat per peeeage la the apaee-time-yiel- .

This la the product of the fractional conversion by the

apace velocity* ihe elope of the curve of apace-tlsje-

yleld vereua apaee velocity glvee a weighted average

fractional conversion* The initial portion of the curve

represents the lee apace velocity region in which equilib-

rium eendltlone are alvaya attained, the space-tlne-yield

here being directly proportional to the space velocity.
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At hither epeee velocities, the tin* of contact la short-

er than the tiae reo/aired to establish equilibrium and

the fractional conversion beeoaee a function of space

velocity, The conversion tiecreaaes with inereesine space

velocity , and the curve drops,

another factor la the space occupied by the eatalyat

Itself* since Met free cross-sect -onal area ceterminee

the eatual velocity through the catalyst apace* »eter

displacement ahoaad that the catalyst ueed ems 1S«£ per

cant aollc. The tlas of contact based on the total gas

flow *as froa 0,4 to lei aeeonde* All the space-time-

yield versus space velocity curves were based as ewylane

floe since plots baaed on air flow gave no correlation

of results.

Effect of f.pace Velocity on Malelc Acid 1 reduction

Plots of space-ti»e-yield against apace velocity

for aaleic acid production from anylene are g iven by

Figures 1 to 4 inclusive* One end of the curve is fixed

by the origin, and the reat of the line la taken to give

as nearly aa possible the average speee-tiae-yield at

each apace velocity. The eonvereion la than given by the



iO

slope of the lino*

At 380°e., 420°C. f 4o6°C,, and 606°C»» the conver-

•lone to aalelc acid were 0.186, 0.190, 0.160, and 0.172

,

respectively. The vertical spread at each of these

temperatures Is about 0*3 units of apeee-ti»e»yleld«

feet of Space Velocity on C%, Other Acids,
and Aldehydes

Figures 5 to 8, Inclusive, are plots of speee-tlae<

yield versus space velocity for C ... 1 definite upward

trend is noticeable, but the spread la about 0.5 unite

of space-tine-yield.

At *60°C, s20°C, 4©5°C. t and 606°C., the eonver-

siona to cog vers 0.U, 0.20, O.lo, and 0.18.
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The effect of space velocity on the epeee-tliae-

yield* of other aside le given by Figs. 9 to 18, in*

elusive, the conversions at 380°C. end 420 c, were

0.046 • end O.OdS, respectively. In eeeh cess, the spreed

ie 0*3 apace^tlae-jield unite* r.owever, et 4oi=°C, end

506°C*, eeverel of the rune gave very email yields of

ether acids, end the plot le difficult to interpret* By

giving weight to the rone et higher space velocity, eon*

verelone were obtained at 436°e*. end 806°C. of 0*014

end 0.01&, respectively.

Spreads for eldehydea in Flga. IS to Id ere 0.3,

0.3, O.S. end 1.0 for the tenperaturee 9@0°Q*. 420°:.,

46fc°C., end 60n°c«» reapeetivwly. por the eane tenpera-

turee, conversions were 0.14. 0*14, 0*09, and 0.16 aoles

ef aldehyde per mole aaylene for the increasing teapere-

turee*

Kffeet of air-Anylene Batlo

A large exeeea of air was used in mil the rune* An

optima* gaa*hydroeerbon ratio was found for ox ir,at ions

wader similar conditions by Faith end Sehaible (fc) and by

Felth end Yantsl (9)* However, rune with eaylena did not



la-

this offset clearly. It la poaeible that greater

variation in slr-aaylene ratio would Ive a etron ©r

trend, in Flge. 17, It, and 19, plots of conversion to

maleic acid and to Mg versus air-anylene ratio are (Ivan*

Effect of Length of Carbon chain

The preliminary runs of higher molecular weight

define show a definite Increase in conversion to naleie

•eld* a mixture of several of theee olefins gave aalelc,

but no attempt wee made to calculate the yield* At

340°c, 300°C., and 4*0°C, the conversion to malelc

•aid frost the oxidation of methyl pentene warn 0.070,

0*239, and 0*257, respwetively* Conversione of heptane

were found at 340°c, 3B0°c, 42G°c, and 505°., end

were 0*106, 0*239, 0*£66, 0*264, respectively. At theee

seme tesperetures, caprylena gave 0*163, 0*31?, 0*807,

0*300, 0*306 moles of malelc acid per mole of olefin for

the Increasing tempereturea used*
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Effect of Length of Catalyst

For rasa 119 to 132, the tube containing the cata-

lyst was filled for 16 centimeters of its length* Rone

133 to 184 were made in the same tube with the catalyst

extendlag 86 centimeters along the tube. una 185 to 197

were mad* with 85 centimeters of catalyst, while rune 196

to 808 were with 8 cent looters of catalyst. In each case,

the sane tube wee used of 8*5 cent looters diameter. The

everagee which will be given in the following results

were arithmetical. The average deviation in any one set

of these conversions was about 0*05 moles of malsle par

mole of smylene*

At 340°c*, the conversion, whan the catalyst tubs

was filled with 8, 18, 25, and 36 centimeters of catalyst,

was 0*11, 0*06, 0*17, and 0*07, respectively. These are

Irregular with respect to length of cetalyst. At 360°c*,

the conversions In the same order of increasing lengths

were 0*81, 0*19, 0*80, and 0*18. It can be seen that a

slightly better yield is obtained with the shorter

catalysts

•

At 480°t., the conversions were 0*19, 0*19, 0*80,

and 0*17 for increasing length of catalyst. Thus, the
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beat conversion >u at Be centimeters. At 436 and 606°<

the conversions are available at IB and M eenti»sters.

At 4&5°c. f the conversions vara G.16 and 0»14, and at

606°C. tbe conversions for ti;a ease lengths of catalyst

wre 0.1Q and G«K. ;;enee, at the higher tesfcwretures ,

a lone catalyst is a definite disadvantage.

wmmm

1. opticas* tas^aratares for t..« cc version of

aaeylene ware found to be bataaan d8O-420°c«

2* the activity of the catalyst was not dearsas

s

d

appreciably after 1st runs which averaged 2 hour* la

length*

*. Tbe Increase of space velocity baaed on aaylene

floe produced no decrease In conversion due to t*a

catalyst's eapacity belne exceeded.

4* Preliminary rune an eaprylene, heptane, aad

aathyl pentone gave conversions of 0.297, 0«8d6, and

0«fta7 soles of staleic acid par sole olefin, respectively,

at 420°C.

6, The length of catalyst was found to have sons



effect at alftotr temperatures. That is, a shorter cata-

iyet wee beneficial.

hC}

The writer wishes tc expreee hie aineere apprecia-

tion to nia major instructor, l>r* • • Faith, mad to

. J. *• wrwene, for their constant aaaietanee

advice given <lurlng the course of hie work*



36

ftsmstmm

(1) towns, C* It*

&alelc acid and phthalic anhydride, ind. Eng*
Cham* 86«17-eo. Jan* 1934.

(8) 1 radlay, ?. ., Kropa, E* L* end Joftxiaton, W. B.
rylng oils and realne—drying, non-dryin£. and

convertibility eharacterietica of nalelc and
eueelRie glycol polyeetere. Jnd. Kng* Cheat*
•911270-6. Kov. 1957.

(3) Vincent, b # L*
Oxygen Induced gelation or unsaturated poly
eatere**polyglyeol aalaetee as drying oila.
Hod* ?ng, Cfaaau 89,1967«9« Nov. 1937.

14) Lltt&ann, B* B«
Terpene-oeleic anhydride 9—torn* Ind* ana*
Chen* BBtUoO-e* Oct. 1936,

(*> seeslons, *« v.
catalytic oxidation of furfural In vapor phaae.
Aiaer* chee. See*. Jour* SO (Ft* 1)
Juae, 1988*

<*> alias, s. a* and ffaleh, w* l«
catalytic oxidation in the furan aeries. Aacr.
Cham* sec*, Jour* 57 (Pt* 2)sl389-93.
Aug* tM

(7) Miles, 8* a* and Helen, «« .

Catalytic oxidations* tie ox idatlone In the
cyclo-peraffin aerlea* Amer* cheai* soc.,
Jour* 01 (ft* l)jd33-6. liar* 1999.

w Faith, w. L. and Seheinle, A. M.
Malele acid production—vapor phaae oxidation
of erotonaldehyde ueiug vanadlux pentoxide-
catalyeta. Aner. Cheta* Soe*. Jour* 00 (Ft. 1)
68-4 • Jan* 1936*



M

(9) p*ith, «, l. and y«iui, « F»
//aleic acid production—vapor phaaa oxidation
of fiva-carfcon olef irsic acina. Asaer. Cheau
SO©., Jour. 60 (it. 2)ao6e-o. Aug. 1996.

(10) igloff, uatav.
Tha reactions of pure Uydroearbona* Haw York.
Relnhold, 397 p. 1937.

{11) Laaie, J. a.
Slav oxidation of pentana, ches, soc.. Jour,
(London) (Pt, 1) 1759-67, 19B9.

(IS) fiideal, Erie K. and Taylor, hugh I

rataljaia ta theory and practice, 2nd* ad,
Heenlllaru bio p. 1926.





38

Table X* Convert ions of araylane *t
o

360 Centigrade *

/

Aayleae - 68.

sSjuee :

iMole pro&tiet per Mlt angrlene
t i: 1 :or

Bum :atioiTeloclty: aieic 1 C% 1 I eeide : Aldehyde*:
-

17u 670 2.60 0.07B 0.088 0.086
177 660 O.lfcS 0*C11 0.101 0.089
146 440 3.9t> 0*1 O.llw 0.108 0.088

219 596 4*06 0*000 0.084 0*068
176 430 4*08 0.000 0*107 •••072
xeo 366 4.49 0.066 o.c 0.063 0*036

178 330 4«tl O 114 0.013 0.104 0.068
193 £05 v •

1

v/«x4X 0*019 0*111 0.074
£00 403 16*90 0*140 0.164 0.088 0.076

Mi 490 6.46 0*202 0.036 0*094 o*09e
SOI 476 0*091 0.073 0*076

300 6*06 0*086 0.067 0.036 0.013

174 880 0.068 0.021 6^888 0.086
173 2BO 6*66 0*073 0*002 0*068 0.038
DM* 3c6 3*66 0.034 0.000 0.021 0.089

130 866 83,70 0.064 0*063 0.031 0.034

*«>««• rua» at 2U0 ' centigrade •
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Table 2. conversion* of emyleae st 360° Centigrade.
AayXene « HC.

i

• MR

$Air t : ole product per aoXo sayl©ne t

tic tSpeoe : otaer t t

:aatio:velocity: .oleic t CQg t acids :AXdehydess

207
ITS

706
770
680

6,43
2,36
7.20

0.144
0.227

0.O85
0.X1X

L20

0.116
0*008
0.128

0*204
0.111
0.800

149
X7X
01

o'lL

t>kJ5

8.71
3.89
3.4X

C.140
0.809

0.229
9.061
0.X88

0.0.3
0.070
0.018

0.140
0.188
0.166

Mi
170
145

7X0
460
487

5.76
3.78
4.06

0.888
0.169
0.X67

0,176
0.130
0.166

0.067
0.067
0.037

0.198
0.060
0.116

8X6
806
2X4

6GG
466
888

4«00
12.40
4«S6

0.211
0JS30
0.204

0.029
0*086
0.079

O.v
0,067
0.086

0.200
0.174
0,193

8X6
190
8X2

640
670
088

4.46
4.64
4.66

0.194
.-04

..200

0.060
0.048
0.017

0.064
0.149
0.073

0.183
0.XS8
0,203

8X7
8H
IN

606
888
820

4*88
X5.00
6.X0

0.131
0.14.
0.886

0.037
0*130

0.061
0.087
0,067

0.162
0.097
0.172

8X3
li)l

108

466
460
470

3«30
6.46
X6.70

0.174
0.19c
0.888

0.188
O.XOO
0.086

0.048
0,071
0.XO6

0.108
0.148
0.X5X

mma

180
220

6X0
473
4X0

6.66

a.X6

0.X88
460

0.2X3

0.087
0.066
0.112

0.047
0.069
0.096

0.070
0.108

. Ml



Teble 2. (cant. .
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s=

i Air :

: at lotvelocity

j

ola product per aole aaylene «

t Other t s

i oleic : C t eclda : Aldehydes:

821

15fc

575
59L

240
IM

let
<;i*

6.70

6.84

7*00
14.10

G.2U
0,176
0*164

0*208
0,185
0.176
0.137

0.047
0.059
0.046

0.140
0.070
0,129
0.041

0.]
0.084

0,049
o.c
w.Cil
0*088

0.185
0.115
0,112

0,121
0,144
0,112
0.094
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Table s. CorporaIons of enylone *t 480° Centigrade.
Aaiylene ;:

:Alr t tMole product per sole eraylenc t

»ec~* liMM : s other : t

Fun tBfttio $velocity t Calcic I COg : ocli.tj; jAldehydee:

1E7 G3i5 2.70 0.143 . 0.010 0.071
A>v«FJfc 660 2.72 0.162 0. 0.030 0.144
147 oOfc 2.90 0.288 0.207 G&GOQ 0.146

146 670 6.00 0.209 0.146 0.000 oao?
133 6w5 t**i 0.166 •S88 0.013 0.1
II 640 6.£2 0.174 9«MI .011 0*1*4

Iff m 3*60 0.176 0.166 0.014 0.141
188 4JC 3.60 0.171 0.163 0.000 0.074
lit too 3.60 0.147 0.201 0.039 0.120

til 476 0.190 0*231 0.020 0.126
104 490 3.66 0.166 0.141 0.006 0.113
144 476 3#70 0.096 0.124 0,004 0*051

loo 476 3.67 0.168 0.206 0.014 0,10b
L'04 700 11.20 0.149 0.066 0.074 0.163
100 470 •78 0.174 C «tN 0.030 0*096

iao 390 pi m 0.1 0.237 0.024 0.107
£10 496 ieM 0.; 0,126 0*009 6*£M
140 Mi 0- 6**6S 0.023 0.126

LQt 6«46 0*212 . • 0.033 0.172
£Co 496 16.20 0.177 0.003 0.046
141 616 ,42 0*231 0.086 0.020 0.147



Sable 3. (c©ut.).

Fun

sAir : ssiole product per sole a^ylene :

4KT ; peee : : Other j :

iKatiotvelocityt tSalele i COg i acids :Aldehydes:

13*

46ft

436
2L0

,47
,00

0,167

0,1

o.:
o*c
0,448

0,002
0,023
0.086

0«81i
0,098

167mm
446
•te
MB

ci.80

7*48

Q .88

1

0.173
0.231

0,130
0,000
o.oco

0.046
0.033
0.003

0,213
0.161
.177

Mt
MB
187

350
466
810 - • -

0..
I .....

0.106

0,143

0.037
ics^:

0,013

0.370
0*8M
0.066

lie
1*4
t88

800
1M
436 170

0.124
0.174
0.146

0,116
0,167
0,866

0,000
0.031
0,067

0.0»3
0.103
0.117

121
MM
119

280
270

14.20
1S.3
18.00

0.200 islased
72

0,049
0,064
0,099

0.1
0.202
0.187.

MM
1SJ

800

120

19*10 MM
0.199

LOB

0,084
itlseed
leeed

0,066
0,048
8,C

0.183

0*078

124 165 24.00 0,192 1 • t8M 0.049 0.136
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fable 4, Conversions of aajylene at
Asylene • BC.

€55° centigrade.

Pun

:Alr t

iTT" : pece
sEatiotvelocit^

sliole produet per raole ssylene :

: i Other :

t Male!© s CO^ : acids :Aldehydes s

132 MQ 8.02 0.124 0.054 0.003 0.081

IK too 8.76 0.156 0.144 0.003 0,111

X66 MM , 0.171 0.212 0.008 0,115

fcff •89 8*8* 0.124 0.250 0.002 0.088

MH 889 3,33 0.13a 0,211 0.003 0,094

154 515 3.50 0,157 0,221 0.000 0.080

145 470 3.76 0*114 C.88S 0.001 0.080

on Ml .; 0.140 0.066 0.014 43

148 MM 4*90 0,141 .: :. 0.004 0.088

137 210 0.138 0.143 0.012 0.088

SM 135 13.00 0.147 0,186 0.000 0.089

io<. 89 15.70 0.209 0,270 0.016 0.136

18* 110 1 tH o.iae 8*9M 0,137



«|

Table 6, Cotnrewloos of arayloue at 606° Centlisrade,
• KG.

:Alr stiole product per nole anylene *

tSC i_pacs t : other s t

Ew t at io: velocity: aleic ? C% : acids :Aldehydes:

183 1460
164 570

146
162
161

254

131
l£i>

470
460

M .

210

175
110

1.20
I |M
3.60

3*76
3.77
3,98

13.10
16.70
17.70

23,00
3,.S0

0.114
0#096

0.114
0.120
0.037

0.202
0.166
0.103

^77
0.168

C «S88

0.086

0.02

0,226 0.001
0.211 0.006
0.068 0.006

Jtlaead 0.013
Kissed 0.030
niaaad u.086

Mil 0,009
0.136 0.020

0,087
0.042

0.060
0.064
0.061

0,270
0,240
0,246

0.126
0.137
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