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FORWARD 

I n  order  t o  determine i f  an a l t e r n a t i v e  f u e l  cou ld  replace 
o r  extend the  supply o f  petroleum, i t  i s  essen t ia l  t o  achieve an 
extremely h igh  degree o f  r e l i a b i l i t y .  Th is  requ i res  so lu t i ons  t o  
many r e a l  and p o t e n t i a l  problems. The work repor ted  here deals 
w i t h  the  eva luat ion  o f  a mix ture  o f  methyl a r y l  ethers der ived 
from coal  l i q u i d s  as a gasol ine extender and octane improver. 

The Department o f  Energy i s  pleased t o  have t h i s  h i g h l y  pro fess iona l  
a d d i t i o n  t o  a l t e r n a t i v e  f u e l s  a p p l i c a t i o n  knowledge as repor ted  by 
Dr. Gary M. Singerman. 

Ralph D. Fleming 
Vehic le Systems and Fuels I n t e g r a t i o n  Branch 
Transpor ta t ion  Programs 
O f f i c e  o f  Ass is tan t  Secretary 
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and Western coals, the solvent  r e f l ned  coal p.yocess produces 1% phenol and 4% 

mixed cresols based on coal i npu t  (2).  

A B a t t e l l e  study shows t h a t  the H-coal l i que fac t i on  process gives 

7.93 w t .  % o f  phenols i n  the C4 - 204OC (400°F) f rac t ion .  ' A coal hydrogen- 

a t i o n  p l an t  w i t h  a. da i l y  production capacity o f  30,000 bbl. l i q u i d  w i l l  pro- 

duce 1,380 bbl  /day o f  a mixture o f  phenol, cresol  s, and xylenols ( 2 ) .  Another 

study o f  the H-coal process showed t ha t  when the process i s  producing fuel 

o i l ,  the product b o i l i n g  below 203OC (397OF) contains 22.3 w t .  % C6 - Cg 

phenol s (7.94 wt.. % t o t a l  d i  s t i  11 a te) .  When producing Syncrude, the product 

b o i l i n g  below 197OC (387OF) contains 14.5 w t .  $. C6 - tg phenols (5.01 w t .  % 

t o t a l  d i s t i l l a t e )  ( 3 ) .  

I n  experimental coal l i que fac t i on  studies on a va r ie ty  o f  Eastern 

bituminous coals performed a t  Gul f  Research & Development Company using a one 

ton per day SRC I 1  process demonstration un i t ,  the phenols i n  raw l i q u i d  

product have been studied. The phenols i n  a raw l i q u i d  product cu t  t h a t  b o i l s  

i n  a range o f  about 55OC (150°F) t o  260°C (500°F) were determined by gas 

chromatography. This c u t  represents about 18-20% o f  the coal fed t o  the 

demonstration u n i t  and about 50% o f  the l i q u i d  product. For a ser ies  o f  e i gh t  

runs, phenolic content var ied i n  t h i s  cu t  from 10.2% t o  51.7%. The phenols i n  

a 55OC (131°F) t o  24g°C (480°F) cu t  from a t yp i ca l  run on the SRC I 1  process 

demonstration u n i t  are shown i n  Table 1. The amount o f  phenols i n  t h i s  c u t  

was 24.7 w t .  %. 



Table 1 

Phenolic Compounds I d e n t i f i e d  by Gas Chromatography ; 
i n  a 55" - 249°C Raw SRC I 1  Coal L i qu i d  Fracti0.n . .. . . . 

. Phenolic Compound 

Phenol ' 

. Ortho-Cresol 
, Meta-Cresol 

Para-Cresol 
2,4-Dimethyl phenol 
2,5-Dimethyl phenol 
2,6-Dimethyl phenol 
3,4-Dimethyl phenol 
3,SDimethyl phenol 
Ortho-Ethyl phenol 
Para-Ethyl phenol . 

Propyl phenol 
Uni dent i  f i ed  Phenol's 

Weight % , 

. . 
5.58 
2.31 
3.65 . , 

2.30' 
' .  

0.77 . . .+ 

0.38 
0.20 
0.12.' , - 

0.82 
0.32 
0.91 . . .  . 

1.86 
5.48 

Total  24.70 

The raw coal l i q u i d  used i n  the present work came from a composite 

o f  f i f t y - o n e  coal l i que fac t i on  ,runs on Eastern bituminous coals fed t o  Gul f  

Research & ' ~ e v e l o ~ m e n t  Company's one ton per day SRC I 1  process :demonstration 

u n i t .  From t h i s  l i q u i d  composite, we used a , cu t  havi ng a b o i l i n g  range of 

55OC (131°F) t o  260°C ( 5 0 0 ° F ) ~  This cu t  contained 28.8 w t .  % o f  ,phenolics. 

Almost ce r ta in l y ,  i f  d i r e c t  coal l i que fac t i on  becomes commercially 

s i g n i f i c a n t ,  f a r  more phenol ics w i l l  be produced than can be 'absorbed by t h e  

combined demand of a1 1 chemical i ndus t r ies  u t i 1  i z i n g  phenol ics .  Other, 

non-chemical indust ry  uses must be found , f o r  coal phenol ics..  But they cannot 

be blended i n t o  gasol ine t o  extend supplies and improve octane. This i s  

unfortunate. because phenol s are  excel 1 ent  non-metal1 . . i c  octane improvers. 

Neverthel ess, . our studies have shown t h a t  phenol s i n  gasol i ne are corrosive, 

may cause gum formation, and w i l l  cause some p l a s t i c s  and elastomers cu r ren t l y  

used i n  automotive gasol i n e  'systems t o  swell, harden, o r  crack (4 ) .  Jus t  as 

important, . .  phenols are poisonous by a l l  ' routes  o f  ent ry  I n t o  the systemic . . 

c i r c u l a t i o n  o f  mammals, absorbt ion through the sk in  being the primary route o f  

en t r y  i n t o  the blood stream. L l q u i d  phenol i n  contact  w i th  t h e  skin may, cause. 
. .  . . .  . 

i o c a l  i r r i t a t i o n  o r  chemical burns. 



On the other hand, coal phenols could be l e f t  i n  the raw coal 1 i q u i  d 

and the mixture f u r t he r  processed by hydrotreatment as one step i n  producing 

high' qua1 i ty gasol i ne o r  d i  s t i  11 a te  fue l  . Hydrotreatment waul d reduce the 

phenolics t o  fuel-compatible materials. ' But hydrotreatment t o  reduce 

phenol i c s  waul d requ i re  severe condi t l ons  and consume la rge  amounts o f  hydro- 

gen. From a processing standpoint, r e f i n i n g  .o f  raw coal l i q u i d s  i s  hampered 

by the presence of phenolics because: 

1. Excessive hydrogen consumption i s  required t o  reduce the 

phenol s. 

2. The combination o f  coal phenols (o r  some component there- 

i n )  and chlor ides i s  much more corrosive t o  processing 

equipment than e i t he r  one alone. Many coals have high 

ch lo r ide  content (5 ) .  

3. Water produced when phenols are hydroreduced s in te rs  

r e f i ne ry  ca ta l ys t  supports. 

4. Presence o f  phenols hampers ease o f  n i t rogen removal from 

coal 1 iqu ids  by hydroref inlng. K ine t i c  studies by 

Suntech show tha t  the r a t e  constants f o r  removal o f  

n i t rogen from phenol - f ree SRC I1 coal 1 i q u i d  by hydro- 

r e f i n i n g  are increased by over a fac to r  o f  s i x  a t  375 and 

400°C compared t o  r a t e  constants f o r  whole, unextracted 

SRC I1 l i q u i d .  The s ign i f icance o f  the increased hydro- 

denitrogenation ra te  constants i s  t ha t  the reactor  can be 

smaller f o r  a given capacity o r  more throughput can be 

obtained a t  mi lder  condit ions, both o f  which can' r e s u l t  

i n  lower operating costs (6 ) .  

.Taking a l l  factors i n t o  account, ex t rac t ion o f  from raw 

coal l i q u f d  and conversion o f  the phenolics i n t o  MMIS nay have s i g n i f i c a n t  

merit i n  terms o f  gasol i ne  octane improvement and possible improvements i n  the 

overa l l  e f f  icienc,y and economics of; t ea l  process1 ng. 



111. .PREPARATION OF MAE 

A composite o f  raw coal ' l i q u i d  from f i f t y - o n e  coal l i q u e f a c t i o n  runs 

on Eastern bituminous coals fed  t o  Gu l f  Research & De'velopment company's one 
. . 

t o n  per  day SRC 11' process demonstration u n i t  was used as the source o f  

phenols. A c u t  (1019 gal lons, 7574 Ibs. )  b o i l l n g  i n  the range 55°C ( 1 3 1 ' ~ )  t o  

260°C (500°F) . was ex t rac ted w i t h  aqueous sodium hydroxide t o  g ive  2180 1 bs. 

(28.8%) o f  mixed phenols. The phenols were al lowed t o  r e a c t  w i t h  dimethyl 

s u l f a t e  t o  y i e l d  the MAE product. D e t a i l s  f o r  these operat ions are given i n  

Appendix A. I d e a l l y ,  one would produce MAE by d i r e c t  reac t i on  'of phenols w i t h  

methyl alcohol.  Th is  has been done i n  small scale experiments, b u t  process 

improvements and scale-up s tud ies  are needed. 

I V .  ANALYTICAL INSPECTION OF MAE 

Samples o f  the MAE product were analyzed f o r  density,  d i s t i l l a t i o n  

curve, nuclear  magnetic resonance spectrum, gas chromatography, , i n f r a r e d  

spectrum, and carbon, hydrogen, oxygen, and n i t rogen  content. The nuclear  

magnetic resonance and i n f r a r e d  spectra showed absorpt ions expected from a 

m ix tu re  o f  methyl a r y l  ethers correspondi.ng t o  a mix ture  o f  phenols as shown 

i n  Table 1, b u t  d i d  not  show any free, unreacted phenols. Gas chromatography 

a l so  showed an absence o f  f r e e  phenol i n  .the MAE product. Other inspect ion  

data are shown i n  Table 2. 



Table 2 - MAE Inspect ion  

Inspect ion:  
Densi ty , 20°C, D941, , g/ml 0.9807 
Carbon, W t .  % 79.60 
Hydrogen, W t .  % - 8.61 
Nitrogen, W t .  % 0.15 
Oxygen, W t .  % 12.39 
D i s t i l l a t i o n ,  086, 760 mm 

Over: O C  140 . 
End: O C  226 

5% at :  O C  168 
10% . 171 
20% 173 
30% 176 . 
40% 177 
50% 180 
60% , , 183 , 

7 0% 187 
80% 193 
9 0% 202 
95% 213 
Recovery: % 99.5 
Residue: % 0.5 
Loss: % 0.0 

The MAE product was blended a t  5 volume % w i t h  a commercial unleaded 

gasol ine. . Typical  inspect ions o f  the  base gasol i n e  and the blend are given, i n  . 

Table 3. Apparently, some o f  the l i g h t  ends were l o s t  from the base gasol ine 

when i t  was blended w i t h  MAE i n  l a r g e  l o t s .  Th is  i s  i nd i ca ted  by the  l oss  o f  
* 

vapor pressure and h igher i n i t i a l  d i s t i l  l a t i o n  p o i n t  f o r  the b lend c0mpare.d t o  

the  base gasol ine i n  Table 3. An e a r l i e r .  inspect ion  ofi a 5%  gasoline 

blend was done on a small sample t h a t  had been hand-blended i n  glassware 

(Table 4). I n  t h i s  case, the  base gasol ine i s  a commercial, unleaded gaso l ine  

very s i m i l a r  t o  t h a t  described i n  Table 3. The l oss  o f  vapor pressure f o r -  the  

blend I n  Table 4 i s '  much l e s s  than f o r  t he  blend i n  Table 3, and .no l o s s  i n  

i n i t i a l  d i s t i l l a t i o n  p o i n t  i s  shown f o r  the  blend i n  Table 4. 



Inspect f  on o f  Base Gasol i n e  A and a Blend 
o f  Base Gasol i ne A and 5. Vol . S MAE 

Base A: 
I (Commercial Base A + 

Unleaded 5 Val. % 
I'nspection: Gasol i ne )  MAE 

Gravi ty ,  API, D 287 
Lead i n  Gasolfne, D 3237, G/Gal ' 

Carbon, Gu l f  1500, W t .  % 
Hydrogen, Gu l f  1500, W t .  % 
Gum, Ex is tent ,  D 381, Mg/100 M1 

#Oxidat ion S t a b i l i t y ,  D 525, Min 
Hydrocarbon Analysis, D 1319, V % 

Aromatf cs 
O le f i ns  
Saturates 

Motor Octane Number, D 2700 
Research Octane Number, D 2699 
Vapor Pressure, Reid, D 323: p s i  
D i s t i l l a t i o n ,  D 86, 760 mn 

Over: O C  

End: O C  

5% a t :  O C  

10 
20 
30 
40 
50 
60 
70 
80 
90 
9 5 
Recovery: % 
Residue: % 
Loss: % 

a )  Average 'of two ' r a t i  ngs. 



Table 4 

Inspect ion o f  Base Gasoline B and a Blend 
o f  Base Gasoline R and 5 Vol. % MAE 

) .  Base R: 
(Commercial Base B + 
Unl eaded 5 Vol. % 

Inspection: Gas01 i ne MAE 

Gravity, D 287: O A P I  56.8 53.7 
A lka l  i n i t y ,  Gul f  832 

Procedure, A: pH 5.0 5.0 
Viscosi ty ,  D 445, 25OC: cs ,. 0.56 0.57 
Vapor Pressure, Reid, D 323: ps i  10.6 ( 1 0 . 1 ) ~  - 9.9 
Vapor Pressure, D 2551: ps i  10.60 10.10 
Oxidation S t a b i l i t y ,  D 525: min 1440 1440 
66OC (150°F) Gum Time: mg/100 m l  

1 day I n t e r va l  unwashed ' 2 ( 2 )  2 
1 day i n t e r va l  washed 2 (1) 1 
3 day i n t e r va l  unwashed 3 (3) 2 
3 day i n t e r va l  washed 2 (1)  1 
6 day I n t e r va l  unwashed 6 (4)  3 
6 day i n t e r va l  washed 6 (2)  2 
Gum, D-381, as received unwashed 2 (2)  1 
Gum, D-381, as received washed 1 (1) 1 

Ex is ten t  Gum, D-381: mg/100 m l  1 (1)  1 
Copper Dish Gum, D-910: mg/100 m l  10 (4)  11 
Copper St r ip ,  50°C (122OF), D 130: 3 hr 1 1 
Potent ia l  Gum, D-873: mg/100 m l  9 (5)  4 
D i s t i l l a t i o n ,  D 86: 760 mn 

Over: O C  26 2 5 
End: O C  211 211 

5% at: O C  40 4 1 
10 50 5 1 
20 66 70 
30 83 88 
40 100 105 
50 116 120 
60 129 134 
70 141 145 
80 152 - 155 
90 171 174 
9 5 192 191 
Recovery: % 97.9 97.9 
Residue: % 1.1 1.1 
Loss: % a' 1.0 1 .o 

# 

---------- 
1 

a) Numbers i n  parentheses are dupl icate runs. 



Looking a t  Tables 3 and 4 together, we see t h a t  MAE i s  compatible 

w i t h  gasol ine. It does no t  a f f e c t  s i g n i f i c a n t l y  the  gasol i n e ' s  s p e c i f i c  

g r a v i t y  , d l  st4 11 a t i o n  curve, a1 k a l  i n i  ty, v i  scosi ty , Reid vapor pressure, 

o x i d a t i o n  s t a b i  1 i ty, ex1 s t e n t  gum value, copper d l  sh gum "a1 ue, copper s t r i p  

test,. o r  p o t e n t i a l  dum value. I n  add i t ion ,  MAE does no t  separate f r o i  gaso- 

l i n e  a t  low temperatures o r  because o f  water contamination. 

V I .  PLASTICS COMPATIBILITY 

/ 

To t e s t  the e f f e c t s  o f  5% MAE i n  gasol ine on p l a s t i c s  and elastomers 

commonly found i n  automotive gasol i n e  d i s t r i b u t i o n  systems, samples o f  p las-  

t i c s  and elastomers were immersed i n  Table 4'base gasol ine and i n  Table 4 base 

gaso l ine  conta in ing  5 volume % MAE f o r  f i v e  weeks a t  room temperature. Mate- 

ri a1 s tes ted were Neoprene, Urethane, Adi prene, Nylon, and Ni tri 1 e rubber. 

Nylon was unaf fected by the presence o f  MAE i n  the  gasoline. The o ther  mate- 

r i a l  s swel l e d  somewhat more i n  the  M A E / ~ ~ S O ~  i n e  blend than i n  the base gaso- 

1 i ne b u t  probably,  1 i t t l e  more than: would be caused by !addi t ion o f  tol'uene t o  

the  base gasol i ne. None cracked, hardened, o r  otherwise de te r io ra ted  (4) .  

I I. MICROBISTATIC PROPERTIES 

Microb ia l  contaminat ion o f  f u e l s  can be a ser ious problem. To be 

sure t h a t  5% MAE i n  gasol i n e  does n o t  increase the  incidence o f  m ic rob ia l  

contaminat ion o f  the gasol i ne, we prepared cu l  t u res  i n  s t e r i l  e, cot ton-stop-  

pered di.1 u t i  on b o t t l e s .  The aqueous phase consisted o f  Bushnell -Haas mineral 

s a l t s  medi urn inocu la ted w i t h  a known number o f  b a c t e r i a l  , c e l l  s cu l tu red  from 

contaminated water bottoms from a commercial, unl  eaded gasol i ne storage 

tank; The medium was a s e p t i c a l l y  dispensed i n t o  the b o t t l e s  i n  40, 20, and 4 

m l  amounts t o  g ive  ( i n  t o t a l  c u l t u r e  volumes o f  80 ml)  aqueous concentrat ions 

o f  50%, 25%, and 5% respect ive ly .  



I n  a d d i t i o n  t o  the 5% MAE/base gasol i n e  (Table 41, we a lso  tes ted ' 

t he  base gas-01 i n e  i t s e l f  and the  base gasol i n e  conta in ing  a 

commercial l 'y-avai 1 abl e fuel -so1 ub l  e . mic rob ic i  de a t  th.e recommended concen- 

t r a t i o n  , o f  270 ppm. The gasol i n e  formulat ions were layered over the  inocu- 

l a t e d  medium i n  the d i l u t i o n  b o t t l e s  t o  gi,ve a f i n a l  volume o f  80 ml .  Cul- 

t u res  were incubated a t  room temperature i n  a fume hood. To more c l o s e l y  

approximate gasol ine storage tank condi t ions,  the samples were not  shaken. A t  

i n t e r v a l s  o f  4, 11, and 18 days, a representa t ive  a l i q u o t  o f  the  aqueous phase 

o f  each c u l t u r e  was asept i .ca l ly  taken, s e r i a l l y  d i l u ted ,  and p la ted  t o  n u t r i -  

ent-  agar t o  ascer ta in  the  number o f  v i a b l e  bac ter ia .  I n  each case the bacte- 

r i a  were able t o  grow i n  cu l  t u res  conta in ing ,  25% and 50% water. When water i n  

the  c u l t u r e  medium was reduced t o  5%, growth !was i n h i b i t e d  i n  the  c u l t u r e  

contaf nf ng 5% ~ ~ ~ / ~ a s o l  i n e  bldnd and i n  the c u l t u r e  conta in ing  gasol ine .  and 

the  f u e l  -sol ub l  e, commercial m ic rob ic i  de. Bac te r ia l  growth was not  i n h i b i t e d  

i n  the 5% aqueous cu l  t u r e  by base gasol i n e  alone. The MAE i n h i b i t e d  growth o f  

the  inoculum i n  the  5% aqueous c u l t u r e  t o  approximately the  same ex tent  as the  

commercial microbic ide.  While microbi  s t a t i c ,  n e i t h e r  was microbf c i d a l  under 

these t e s t  condi t ions.  Since gasol i ne storage tanks normally conta in  1 ess 

than 5% water,; the presence of 5% MAE i n  gasol ine should help con t ro l  bacte- 

r i a l  contaminat ion (4).  

~ V I I I .  MAMMALJAN TOXICITY 

~ Samples o f  Tab1 e 4 base gas01 i ne - and the Tab1 e 4 base gas01 i ne 

! conta in ing  5 .  volume % MAE were sent t o  an independent t e s t i n g  1 aboratory f o r  

1 mammalian t o x i c i t y  s tudies by acute o ra l  t o x i c i t y  i n  a lb ino  r a t s  (4,7) ,' acute 
I dermal t o x i c i t y  i n .  a1 b ino r a b b i t s  ' (4,7), and acute vapor i n h a l a t i o n  t o x i c i t y  

~ i n  r a t s  (4,8). Both t e s t  samples were found t o  be r e l a t i v e l y  harmless t o  the  

~ r a t  by acute o r a l  exposure and. t o  be p r a c t i c a l l y  nontoxic t o  the  r a b b i t  by 

1 acu te .  dermal exposure. I n  the  acute vapor i n h a l a t  I on ,  Study i n  ra ts ,  body 

I weight gains were w i t h i n  normal l i m i t s  and necropsy d i d  no t  reveal any gross 



pathological  a l tera t ions.  , By these tests,  t h e  mammalian' t o x i c i t y  o f  the base 

gas01 i ne . and the base gasol i ne ,contat ning 5% MAE was essenti  a! 1y the same. 

. . .. . , . . . . .  . 
* .  : .: . . . . > .  . i 

. . . . . . ,,'. 
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I X . .  OCTANE QUALITY . . -. .. ' . 

A. comparison o f  the research .octane and motor octane values f o r  the 

Table 3 base gasol ine and the Table 3 base gasol i ne  contain ing 5%,, 108, and 15 
. . .  

volume % MAE i s  given i n  Table 5 .  Rased on averaging of. duplicat; measure- 

ments, 5% MAE increases octane of 93 RON, 84 MON base gasol i ne  by O.6'RON and 

0.4 MON. A t  lo%, MAE increases octane by 2.2 RON and 0.9 .m)N.. A %  15%, MAE 

increases octane o f  the base gasoline by 3.1 RON and 1.3 MON.. 

Table 5 

Research Octane and Motor Octane Values f o r  Base 
Gasol i ne A and. Base Gasol i ne A Containing MAE 

RON a M O N ~  
Gas01 i ne (D 2699) . (D . 2700) 

Base 93.2 84.1 

Base + 5 Vol. %' MAE 93.8 84.5 

Base + 10 Vol. % MAE 95.4 85.0 

Base + 15 Vol. % MAE 96.3 85.4 

a) Average o f  two rat ings.  

. '. 
I . .  - ~ 

, . Road octane qua l i t y  o f  the-  base fue l  (Table 3) ,and a. blend o f  5% MAE 

i n  . the base 'fuel was examine.d by t es t i ng  i n  a se lect ion o f  four . d i f f e r e n t  . 

1 ate-model . cars. .. The ,.experimental fue l  . and ,the base. fue l  were tes ted f o r  

d l  r e c f  compaki son. A1 1 r a t 1  ngs were made i n  dupl i c a t e  ... . by t r a i  ned ra te r s  using 

,the Modif ied Uniontown r a t i n g  procedure on a chassis. dynamometer. 



The cars tested were a 1979 Chevrolet Malibu 267 C I D  V-8, a 49-state 

1979 Ford Thunderbird 302 C I D  V-8, a 1979 Pontiac Catal ina 301 C I D  V-8, and a 

49-state model, 1980 Plymouth Volare equipped w i th  a 225 CID, 6-cyl inder 

engine. Results are shown i n  Table 6. For these p a r t i c u l a r  cars, the 

four-car average gain i n  road octane f o r  the MAE-containing fue l  over the base 

f ue l  was 0.4 un i ts .  

Road Octane Performance f o r  Base 
Gasoline A and Base Gasoline A 

Containing 5 Vol . % MAE 

Road ~ a t i  ngsa 
Base Fuel 

Test Car Base Fuel + 5% MAE 

1979 Chevrol e t  Ma1 i bu 89.9 89.9 

1979 Ford Thunderbi r d  89.4 89.9 

1979. Pontiac Catal i na  90.0 91.3 

1980 Plymouth Vol are - 87.7 - 87.8 

4-Car Average ' . 89.3 89.7 

a) Average o f  ra t ings  from two d i f f e r e n t  raters.  

X. CARBURETOR CLEANLINESS 

. ,. 

To evaluate the tendency o f  MAE i n  gasoline t o  form gum and varnish 
.. .-. 
deposi t s  i n  e n g i  ne carburetors, a carburetor  c lean l iness  t e s t  on Table 3 base 

g a s o l i n e  and -Table 3 'base gas01 i n e  contain ing 5% MAE was performed. The t e s t  

equi p m b n t  cans? s tad  ' o f  a 1 abor-*tory engi ne-dynamometer set-up ' t  using a ,  '1978 

' ~ o r d  s ix -cy l inder ,  300 C I D  engine. The t e s t  i s  a modi f ied version o f  the 

cu r ren t l y  proposed CRC 'carburetor c l  eabl iness . test:' I n  our t e s t  cycle, the 



engine i s  i d l e d  far three minutes a t  700 RPM, accelerated t o  2000 RPM, held a t  

2000 RPM f o r  s k e n  minutes, then decelerated t o  i d l e .  Increased crankcase 

blow-by re tu rn  t o  the carburetor i s  continuous through the t e s t  cycle, whereas 

exhaust gas rec i r cu la t i on  i s  employed only during the 2000 RPM por t ion  o f  the 

cycle. The a i r / f ue l  r a t i o  a t  i d l e  i s  11/1 t o  13.7/1 whi le dynamometer loading 

i s  45-50 ft. 1 bs. a t  an engine speed o f  2000 RPM. With con t ro l led  operating 

temperatures and a t e s t  durat ion o f  22 continuous hours, selected reference 

gasolines cause repeatable deposit  formation on a removable sleeve i n  the 

t h r o t t l e  body. I n  t h i s  case, the base gasoline gave a deposit weight o f  

12.4 mg and the base gasoline contain ing 5% MAE gave a deposit  weight o f  

13.0 mg. For t h i s  pa r t i cu l a r  t e s t  set-up, the conclusion i s  tha t  there i s  no 

dif ference i n  deposit  forming charac te r i s t i cs  between the two fuels. 

X I .  DRIVEABILITY PERFORMANCE 

The d r i veab i l  i ty performance o f  Table 3 base fuel  and Table 3 base 

fuel contain ing 5% MAE was tested on an all-weather chassis dynamometer t o  

evaluate the e.xperi.menta1 fuel:' s col'd. s tar t ing.  and warm-.up characterist ic 's. 

Both fuels were tested i n  t u rn  i n  each o f  two, t e s t  car.s. Each was tested' a t  

5OF, 25OF, and 45°F (-15O, -4"', +7OC). Duplicate runs o f  each t e s t  were made 

t o  improve accu,racy. 

- The chassis dynamometer used f o r  t h i s  t e s t  program has s ing le  four 

foot diameter r o l l s ,  an eddy cur rent  dynamometer, an i n e r t i a  weight system and 

an independent fan cont ro l  f o r  the cool f  ng a i r .  A detaf l e d  descr ip t ion o f  

t h f  s prec ise ly  temperature cont ro l  1 ed, a1 1 -weather dynamometer i s  given e l  se- 

where (9). The f i r s t  t e s t  car was a 1978 Ford Pinto equipped w i th  a Ca l i f o r -  

n i a  3-way exhaust ca ta l ys t  and a 2.3 l i t e r ,  4-cyl inder engine. The second 

t e s t  car was a 1979 Pontiac LeMans equipped w i th  a Ca l i fo rn ia  3-way exhaust 

ca ta l ys t  and a 231 cubic inch, V-6 engine. 



Test ing  was done under a speci a1 l y  devel oped d r i  v i  ng procedure 

pat te rned a f t e r  the  CRC d r i v e a b i l i t y  procedure. D e t a i l s  o f  the d r i v i n g  proce- 

dure are given i n  Appendix B. D r i v e a b i l i t y  demeri t  r a t i n g s  by t h i s  procedure 

come o u t  the  same as i n  the  CRC d r i v e a b i l i t y  procedure. The CRC demerit  

r a t f n g  system was used., t ak ing  i n t o  accoun6 d r i v i n g  s t a l l ,  i d l e  s t a l l ,  back- 

f i r e ,  i d l e  roughness, hes i ta t i on ,  stumbl ing, and surge. 

Test data ana lys is  i nd i ca tes  t h a t  the  base fue l  and the base fue l  

conta in ing  5 volume % MAE are not  s i g n i f i c a n t l y  d i f f e r e n t  i n  d r i v e a b i l i t y  a t  

the 90% confidence l e v e l  i n  the  Student t tes t .  On the other  hand, the same 

base fue l  conta in ing  10 volume % ethanol ( 1  .e. Gasohol) was found t o  be s i g -  

n i f i c a n t l y  poorer i n  d r i v e a b i l i t y  a t  the  90% confidence l e v e l  (Table 7) .  

Table 7 

Dr iveabi  1 i ty Performance o f  Base Gasol i n e  A, 
Base Gasoline A + 5 Vol. % MAE, and Base 

Gasoline A + 10 Vol. % Ethanol 

Demeri t s a  
. . ~ e s t  Car Fuel +7"C . . -4.Y -15°C 

1'978 ~ o r d ' - ~ i  n t o  Base Gas01 i ne 42 (54) 58 (114) 69 (94) 

. . Base + 5% MAE 28 (66) 122 (171) 100 (146) 

1979 Pontiac LeMans Base Gasoline 40 (65) 83 (35) 5.5 (48) 

Base + 5% MAE 

Base + 10% ~ t h a n o l  165 (245) 190 (168) 163 (183) 

---------- 

a) Numbers i n  parentheses are dup l i ca te  runs. 



X I  I. FUEL ECONOMY AND DURAB I L  I.TY TESTS 

Fuel economy and d u r a b i l i t y  t e s t s  were made by d r i v i n g  each o f  four  
.. t 

late-model cars (two matched p a i r s )  f o r  '20,000 mi.les on a road s imulator  us ing 

a t y p i c a l  c i  ty-suburban d r i  v i  ng .cycle. These t e s t s  -evaluated fue l  economy, 
. . 

o i l  economy, # intake,  system deposits, engi ne sludge and varnish deposits, 

engine wear, spark p lug  foul' ing, and the . e f f e c t s  o f  the fue l  on octane 

requirement increase and on .. exhaust gas c a t a l y s t  e f f i c i e n c y .  One c a r '  o f  each 

p a i r  was operated on Table 3 base fue l  wh i l e  the other  car  used Table 3 base 

f u e l  conta in ing  5% MAE. The engines were prepared w i t h  clean, measured p a r t s  

and new exhaust ca ta lys ts .  Th.e engines i n  a l l  four  veh ic les .  were i n  newly 

overhauled cond i t ion ;  each- received a 500 m i l e  break- in before the 20,000 m i l e  

t e s t  was star ted.  

The cars .used i n  these t e s t s  were  two 1979 Chevrolet Malibus having 

305 cubic inch, V-8 engines and two 1979 Ford Granadas having 302 cubic inch, 

V-8 engines. A1 1 cars were equipped w i t h  C a l i f o r n i a  3-way exhaust 

ca ta l ys ts .  Fo l lowing complet ion o f  t h e  20,000-mile runs, t he  engines were 

disassembled f o r  inspect ion  and measurement o f  i n take  system deposits, engine 

sludge and varnish deposits, '  engine, wear, and spark p lug  fou l i ng .  Exhaust 

c a t a l y s t s  were opened f o r  inspect ion  a t  conclus ion o f  the tes t .  

The road s imula tor  used i n  the  20,000-mile t e s t  i s  a chassis dyna- 

mometer system f o r .  .mileage accumulation. It i s  equipped w i t h  automatic mag- 

n e t i c  tape. contrbl.. . .. ~i b h t  ' speed c o n t r o l  i s  u t i  1 ized, w i t h  t h e  corresponding 

torque s ignal  con t ro l  1 i ng the  t h r o t t l e  post ti on. ,This acknowl edges engine 

degradation as. i t  occurs ' throughout an extended mileage accumulation d r i v i n g .  

' schedule. 

The d r i v i n g  cyc le  used  on the  road simul a t o r  was the "EPA Durabi l  i t y  

D r i v i n g  Schedule f o r  L i g h t  Duty Vehicles and L i g h t  Trucks" (10). Each t e s t  

c y c l e  i s  11 Taps o f  a 3.7 .mi le closed t e s t  course. The only v a r i a t i o n  from 

t h e  EPR schedule i s  t h a t  i n  our tes t ,  speed on the e leventh l a p  was changed 

from 70 MPH t o  55 MPH. 



. - 

A. FUEL ECONOMY 

Fuel economy measurements were made a t  the s t a r t ,  a t  t he  end, and a t  

5,000-mile i n t e r v a l s  throughout the 20,000 m i l e  road s imulator  tes t .  Measure- 

ments were made on a chassis dynamometer using the 1975 Federal Test Procedure 

and the EPA highway economy procedure. Deta i led data are given i n  Appen- 

d i x  C. One cannot draw conclusions about fue l  economy changes i n  t h i s  t e s t  

because the base fue l  and experimental fue l  were not  used i n  the'same car and 

a t o t a l  o f  only four  cars was used. However, a comparison o f  fue l  economy a t  

s t a r t  o f  t e s t  and end o f  t e s t  can be made f o r  each car t o  see i f  MAE i n f l u -  

ences fue l  economy trends over the 20,000-mile tes t .  This comparison i s  shown 

i n  Table 8 where data was abstracted from Appendix C. Dupl icate runs i n  

Appendix C were averaged f o r  use i n  Table 8. 

Table 8 

Fuel Economy Performance (mpg) o f  Base Gasolin: A 
and Base Gasoline A Containing 5 Vol. % MAE 

(Data taken from Appendix C )  

1979 Chevrolets 
Base Gasoline (Car 1) Base,Gasol i ne  + 5% MAE (Car 2) 

Test Mi les m a y c  City" City" Highway" 

N i l  13.95 13.50 21.70 13.95 13.80 20.05. 

20,000 15.25 14.60 -- 22.10 15.25 - 15.25 - 20.85 - 
Change - +1.30 +1.10 +0.40 +1.30 +l. 45 +O .80 

1979 Fords 
Base',Gasol i ne (Car 1 Base,Gasol i ne + 5% MAE (Car 2) 

Test Mi les  Ci tyu  CityL Highiayc C i t yu  Ci tyL Highway" 

20,000 14.60 13.90 - - - 21.40 14.75 - 14.40 21.05 - 
Change -0.50 -1.00 -0.75 -0.25 -0.70 -0.15 

.a)  Ci t y  po r t i on  determined by 1975 c i  ty-suburban FTP; highway por t ion  
determined by EPA highway fue l  economy procedure. 

b) Determined by the ca~%bon bal dnce method. 
c)  Determined grav imet r ica l  l y .  



Table 8 shows t h a t  both Chevrolets gained i n  fue l  economy during the 

20,000-mile tes t ,  the one using fue l  contain ing 5% MAE apparently gaining 

most. Both . Fords . l o s t  i n  fuel economy during the test ,  the Ford using fue l  

contain ing 5% MAE l os i ng  least .  This t e s t  i s  too small t o  say i f '  these 

di f ferences are rea l .  Basical ly ,  the fue l  economy trends over 20,000 miles 

appear the same whether MAE i s  present i n  the fue l  o r  not. 

0 .  ' SPARK PLUG FOULING 

No instance o f  spark plug f ou l i ng  occured i n  any car over the 

20,000-mi 1 e test .  

C. OIL CONSUMPTION 

O i l  consumption, measured i n  miles per quart over the 20,000-mile 

t e s t  was normal (Appendix D l .  Both the Ford and the Chevrolet using base fue l  

contain ing 5% MAE consumed less o i l  than t h e i r  counterparts using base fue l ,  

bu t  the d i f ference i s  not s ign i f i can t .  

D. OCTANE REQUIREMENTS 

The octane requirements o f  a l l  four vehicles were measured on a 

chassis dynamometer a t  the s ta r t ,  the end, and a t  5000-mile i n t e r va l s  through- 

ou t  the 20,000-mile t e s t  (~ppend ix  El. Analysis indicates tha t  ,the presence 

o f  MAE i n  the fue l  has no s i g n i f i c a n t  e f f e c t  on octane requirement. 

E. ENGINE WEAR 

Engine wear overa l l  was very low i n  a l l  four vehicles. Presence o f  

MAE i n  the fue l  d i d  not cause a s i g n i f i c a n t  d i f fe rence i n  engine wear (Appen- 

d i x  F). 



F. ENGINE DEPOSITS 

A l l  f o u r  veh ic les  had f a i r l y  c lean engines a f t e r  the 20,000-mile 

t e s t ,  showing on ly  1 i g h t  sludge and varnish. General ly,  the presence o f  MAE 

i n  the fue l  caused no s i g n i f i c a n t  d i f f e r e n c e  i n  engine deposi ts  except t h a t  i n  

the  Ford us ing  f u e l  con ta in ing  5% MAE, varn ish  appeared somewhat heavier  on 

the  rocker  arm covers, p is tons,  and valve l i f t e r s  (Appendix G I .  

EXHAUST EMISSIONS 

Exhaust emissions o f  HC, CO, and NOx were made a t  the s t a r t ,  a t  the  

end, and a t  5000-mile i n t e r v a l s  throughout the 20,000-mile t e s t .  Measurements 

were made on a chassis dynamometer (Appendix HI. Emissions f o r  the two Chev- 

r o l e t s  a t  the  s t a r t  and a t  the conclus ion o f  the  t e s t  are given i n  Table 9. 

The data i n  Table 9 are abstracted from Appendix H. Duplicate runs i n  Appen- 

d i x  H are averaged f o r  use i n  Table 9. . 

Table 9 

Exhaust Emi sbions (gramslmi 1 e) From Two 1979 
Chevrolet  Ma1.i bu .Test Cars Using 1975 FTP 

(Data taken from Appendix H) 

Base Gasol i ne 
Base Gas01 i n e  (Car 1) + 5% MAE (Car 2)  

Test M i l es  HC CO NOx HC CO NOx ------ 
N i l  . 0.40 6.12 0.79 0;42 5.58 0.62 

20,000 0.69 8.05 0.77 0.45 5.55 0.68 ------ 
Change +0.29 +1.93 -0.02 +0.03 -0.03 +0.06 

We see i n  Table 9 t h a t  emissions a t  the  end o f  the t e s t  are somewhat 

lower from the Chevrolet  us ing  base f u e l  con ta in ing  5% MAE than from the 

Chevrolet  us ing  base f u e l  alone. R u t .  s ince both f u e l s  were n o t  tes ted  i n  the  

same cap, no conclus ion can be drawn, except t o  say t h a t  MAE does n o t  appear 

t o  increase exhaust emissions. 



Exhaust emissions from the Ford using the  5% MAE/base fue l  . blend are 

a l l  s l i g h t l y  lower a t  s t a r t  o f  t e s t  compared t o  emissions from the ,Ford using 

base fue l  alone. However, emissions from the Ford using the MAE-containing 

f u e l  increased s i g n i  f i c a n t l y  dur ing  the  20,000-mile t e s t  (Appendix t i ) .  Exami- 

n a t i o n  o f  the monol i th  c a t a l y s t  a f t e r  t e s t  conclusion on the Ford using 

MAE-containing f u e l  showed i t  t o  have a ,  deformed area o f  about two square 

inches i n  the center  o f  the c a t a l y s t  (Appendix I). Cata lys t  deformation i s  

.probably unre la ted t o  the , p a r t i c u l a r  f ue l  used. Being a mono1 i t h i c .  ca ta l ys t ,  

t h i s  channel may have allowed the increase i n  exhaust emissions. Exhaust 

emissi ons r e s u l t s  on t h i s  ca r  are probably i n v a l i d .  



X I I I .  CONCLUSIONS 

The research discussed i n  t h i s  paper i nd i ca tes  t h a t  the mixture o f  

methyl a r y l  ethers (MAE) der ived from phenols present i n  raw coal 1 i qu ids  i s  

an excel 1 e n t  non-metal1 i c  gasol i ne blending agent and octane improver. Use o f  

MAE i n  gasol ine should help a l l e v i a t e  the  curent  need f o r  increased petroleum 

r e f i  n ing  sever1 ty t o  make metal - f ree,  h igh  octane gasol ine.  ~ d d i  t i o n a i  ly, 

removing phenols from raw coal  l i q u i d s  f o r  conversion t o  MAE may reduce some 

coal l i q u i d  r e f i n i n g  problems and should a l low a s i g n i f i c a n t  reduct ion i n  

hydrogen consumption needed t o  upgrade coal l i q u i d s .  

APPENDIX A 

PREPARATION OF METHYL ARYL ETHERS (MAE) - A composite o f  raw coal 

l i q u i d  from 51 runs on a v a r i e t y  o f  Eastern bituminous coals fed  t o  Gu l f  

Research & Oevel opment Company's one ton/day SRC I 1  process demonstration u n i t  

was used as the source o f  phenols. The f r a c t i o n  o f  the composite used was 

t h a t  b o i l i n g  i n  the range 55OC (131°F) t o  260°C (500°F). This composite 

f r a c t i o n  (1019 gal lons, 7574 I b s )  was shipped t o  Chemsampco (now known as 

A1 bany In te rna t iona l ,  Chemi c a l  D i v i s i o n )  i n  Columbus, Ohio, where phenol s were 

ex t rac ted from the coal l i q u i d  and converted t o  MAE. 

Two runs o f  about 510 ga l lons  o f  coal l i q u i d  were ex t rac ted w i t h  175 

ga l lons  o f  20% aqueous sodium hydroxide per  run. The ex t rac t i ons  were run a t  

35OC w i t h  s t i r r i n g  f o r  6 hours. The lower aqueous l a y e r  (pH 10) conta in ing  

the  sodium s a l t s  of the phenols was separated from the top neut ra l  layer .  The 

lower, basic aqueous layers  from the two ex t rac t i ons  were combined and washed 

by s t i r r i n g  w i t h  200 ga l lons  o f  e ther  f o r  6 hours a t  20°C t o  remove 

non-phenol i c  organic compounds. The top ether  l aye r  was separated and d is -  

carded. The lower aqueous 1 ayer was checked f o r  non-phenol i c ,  neut ra l  hydro- 

carbons by a small scale e x t r a c t i o n  o f  an a l i q u o t  w i t h  ether  and found t o  

conta in  i ~ s i g n i  f i c a n t  amounts. The basic, aqueous l a y e r  was then s t r i pped  of 

res idua l  ether  t o  a po t  temperature o f  55OC w i t h  s t i r r i n g .  



The basic, aqueous l a y e r  ( s t i l l  conta in ing  the sodium s a l t s  o f  the 

phenols) was then a c i d i f i e d  w i t h  aqueous 20% hydroch lor ic  a c i d  t o  a pH o f  2 

w i t h  s t i r r i n g  and coo l i ng  t o  mainta in a temperature o f  20°C i n  the reactor .  

Th is  a c i d i f i c a t i o n  converted the  sodium s a l t s  o f  t he  phenols t o  f ree.  

phenols. Sodium c h l o r i d e  (500 I b s )  was added t o  decrease the s o l u b i l i t y  o f  

the  f r e e  phenols i n  ' t h e  water. A f t e r  2 hours t o  a1 low complete phase separa- 

t i o n  i n t o  a lower aqueous phase and an upper phenols phase, the lower aqueous 

l a y e r  was checked by gas chromatography f o r  phenols; none were found. The 

lower aqueous l a y e r  was then discarded. The remaining phenol ic l a y e r  was 

washed tw ice  w i t h  a mix ture  o f  50 gq l lons  o f  water, 100 I b s  o f  sodium carbon- 

ate, and 50 lbs. o f  sodium ch lor ide .  The lower wash water l aye r  was checked 

-by.  gas chromatography f o r  phenols ( none found) and was d i  scarded. 
4 

A t  t h i s  p o i n t  there remained 2180 I b s  (28.8 wt. %) o f  phenolics. O f  

the  2180 Ibs. o f  phenol ics, 1850 Ibs.  was used f o r  conversion t o  MAE. To 

1850 Ibs. phenol ics was added 2 drums o f  50% aqueous sodium hydroxide and 

1200 Ibs. water ( t o  g ive  a 25 w t .  % aqueous sodium hydroxide so lu t i on ) .  The 

r e a c t i o n  mix ture  was s t i r r e d  w i t h  coo l i ng  (18°C) f o r  8 hours. Dimethyl su l -  

f a t e  (2200 Ibs.)  was then added w i t h  s t i r r i n g  over 10 hours, keeping the  

temperature o f  the reac t i on  mixture below 34°C. The reac t ion  mixture was then 

s t i r r e d  a t  20°C f o r  36 hours. Aqueo~s 50% sodium hydroxide (20 ga l lons)  was 

then added t o  destroy excess dimethyl su l fa te  and remove any u n e t h e r i f i e d  

phenol from the crude MAE product. The mix ture  was s t i r r e d  one hour, al lowed 

t o  separate i n t o  layers,  and the lower aqueous, basic phase was discarded. 

The remaining MAE product l a y e r  was washed w i t h  a mix ture  o f  50 ga l lons  water, 

25 ga l lons  o f  50% aqueous sodium hydroxide, and 25 Ibs. o f  sodium ch lor ide .  

The 1 ower, aqueous wash 1 ayer was df scarded t o  g ive  1'801, 1 bs. o f  MAE. The 

crude MAE was d i s t i l l e d  t o  g ive 65 lbs.  o f  non-MAE-containing f i r s t  c u t  

( b o i l i n g  44' - 69'C a t  58-100 mn Hg), 1440 lbs.,  (176 gal lons)  o f  MAE ( b o i l i n g  

73 - 117°C a t  30-50 mn Hg), and 99 lbs. o f  a heavy, dark residue. Ma te r ia l  

l o s s  was due t o  l i g h t  materf a1 being p u l l e d  through t raps  and pumps. Also 

some mater ia l  caked t o  the wa l l s  o f  the  d i s t i l l a t i o n  u n i t .  



APPENDIX B 

DRIVEABILITY PROCEDURE - The d r i v e a b i l  i ty - t e s t  i s  performed by 

opera t ing  the  ca r  a t  s p e c i f i c  t h r o t t l e  openings over the  d r i v i n g  cyc le  which 

i s  pre-recorded on a  , v i sua l  d r i v e r s  aid. Th is  cyc le  inc ludes.  the f o l l  owing: 

( 1 )  se,t choke and, s t a r t  engine, (2 )  f a s t  i d l e  i n  neut ra l  ' f o r  15 .seconds, 

( 3 )  transmission i n  d r i v e  f o r  5  seconds, (4 )  p a r t  t h r o t t l e  acce lera t ion  0-25 

mph, (5) 25 rnph c r u i s e  f o r  0.1 miles, (6 )  detent  acce lera t ion  "25 t o  40 mph, 

( 7 )  40 mph c r u i s e  f o r  0.2 mi les  then decelerate t o  20 mph, (8 )  p a r t  t h r o t t l e  

acce le ra t i on  from 20 t o  40 mph; (9 )  brake t o  a  stop and i d l e  f o r  30 seconds. 

The above cyc le  i s  repeated 3  times f o r  a  t o t a l  o f  2.2 miles. Then 

. t he  fo l l ow ing  c y c l e  i s  performed 4  times f o r  a  t o t a l  t e s t  o f  5.1 mi les:  , , 

( 1 )  p a r t  t h r o t t l e  acce lera t ion  0-45 mph, (2 )  c r u i s e  f o r  0.2 m i les  then decel- 

e r a t e  t o  25 mph, (3 )  detent  acce lera t ion  t o  40 rnph and c r u i s e  f o r  0.1 mi les,  , 

( 4 )  decelerate t o  20 mph and c ru i se  f o r  0.1 mi les,  (5 )  p a r t  t h r o t t l e  accelera- 

t i o n  t o  40 mph, (6 )  brake t o  a  stop and i d l e  f o r  30 seconds. 

APPENDIX C 

FUEL ECONOMY TESTS, MPH, 1975 CITY-SUBURBAN 
FTP AND EPA HIGHWAY FUEL ECONOMY PROCEDURES 

. 1979 Chevrolets 

~ d s e  Fuel Base + 5% MAE 
Test  City City .Highway City City Highway 

M i les  Carb. ~ a l  . Gravim. Gravim. Carb. Bal. Gravim. Gravim. 



1979 Fords 

Test  
M i  1 es 

Base Fuel Base + 5% MAE 
c i t y  City Highway c i ty  c i  t~ Hi  ghway 

Carb. Bal. Gravim. Gravim. Carb. Bal. Gravim. Gravim. 

APPENDIX I) 

.O,IL CONSUMPTION DURING 20,000-MILE ROAD SIMULATOR TEST 

1979 Chevrolets (M i les /Q t )  1979 Fords ( M i l  es /Qt )  
Test  Mi les  Base Fuel Rase + 3% MAE Base Fuel Base + 5% MAE 

Average 3214 3321 2727 3150 



APPENDIX E  

OCTANE REQUIREMENTS 

1979 Fords 1979 Chevrol e t s  
Base. . Rase + 5% MAE Base Base + 5% MAE 

Test  Reference F u l l  P a r t  F u l l  P a r t  F u l l  P a r t  F u l l  P a r t  
M i l es  ' ~ u e l s ~  . T h r o t t l e  T h r o t t l e  T h r o t t l e  , T h r o t t l e  T h r o t t l e  T h r o t t l e  T h r o t t l e  T h r o t t l e  

0 FBRU 94 9 2 90 80 8 2 80 88 , 80 

FBRSU 96 - 91 - 82 - 88 - 
PRF 90 - 88 - 80 - 86 - 

5,000 FBRU >lo2 >lo2 98 98 88 < 78 88 - 80 
FBRSU - >lo1 100 101 88 - 88 - 
PRF 94 - 92 - 86 - 87 - 

10,000 . FBRU >lo2 >lo2 - 100 8 8  <80 90 - 80 

FBRSU >lo1 >lo1 - 101 101 88 - 90 - 
' ' PRF 98 - 9 5 9 3 86 . - 87 - 

15,000 . FBRU 

. . FBRSU 
P RF 

20,000 FBRU 
' ' FBRSU 

PRF 

. . 

.a) FBRU are 1979 CRC F u l l  B o i l  i n g  Range Unleaded fuels .  
'FBRSU are 1979 CRC F u l l  B o i l  i n g  Range Sens i t i ve  Unleaded f u e l  s. 
PRF .a re  Primary R e f e r e x e  Fuels. 



PISTON RINGS: 

Top Compression: 
Avg, gms 
Max, gms 

Second Compression: 
Avg, m s  
Max, gms 

CONNECTING ROD BEARINGS 

CAM AND LIFTERS, wear, in.  

Avg lobe 
Max lobe 
Avg 1 i f t e r  
Max 1 i f t e r  
Avg combined 
Max combined 

L i f t e r  spa l l i ng ,  scuff ing 
Lobe spa l l i ng ,  s c u f f i n g  

VALVE CLEAR WEAR: 

Valve t i p s  
. Rocker a n  pads 

APPENDIX F 

ENGINE WEAR MEASUREMENTS I 
1979 Chevrol e t s  1979 Fords 

Base Fuel Base + 5% MAE Rase Fuel Base,+ 5% MAE 

0.0002 
0.0004 
0.0002 
0.0004 
0.0004 
0.0005 

n i  7 
n i l  

0.0001 
0.0002 
.0.0002 
0.0005. 
0.0003 ' 

0.0007 
n i  1 
n i l  

l i g h t  very l i g h t  
1 i g h t  t race  t o  1 i g h t  

0.0011 
0.0022 
0.0004 
0.0008 
0.0015 
0.0026 

t r ace  t o  1 i g h t  
t race  t o  1 i g h t  

0.0002 
0.0006 
0.0006 . 

0.0013 
0.0009 
0.0018 

t r ace  t o  l i g h t  
t race  t o  1 i gh t  

very l i g h t  1 i g h t  t o  moderate 
t r a c e  t o  l i g h t  t race  t o  1 i g h t  



APPENDIX G 

ENGINE DEPOSITS 

(Numerical ' ra t ings  from 0 t o  10, 1 0  being clean according t o  CRC Rating h a 1  e) 
I 

1979 Chevrol e t s  1979 Fords 
Base Fuel Base + 5% MAE Base Fuel Base + 5% MAE 

SLUDGE : 
Timing :gear. cower 
In take manl'f'old 
.Lef t  rocker cover 
Rtght rocker cover . 

O i l  pan 
' O i l  screen. 

VARNISH: 
Timing gear cover 
In take manifold 
L e f t  rocker cover 
Right  rocker cover 
O i l  pan' 
Pistons, average 
Valve l i f t e r s ,  average 

OTHER: . I 

Intake valve stems . 4.9 5.3 5.9 4.7 
Intake va l  ve f i 1'1 e ts  7,.7 6.8 5.9 5.3 
Intake valve dep. w t ,  gms 2.4 2.4 3.4 5.0 

.Exhaust va'lve dep. w t ,  gms 0.24 0.23 0.01 0.02 
Ring s t i c k i ng  n i  1 n l  1 n i  1 three s l  uggi sh. 
Valve l i f t e r  s t i c k i ng  ' n i  1 nil nil n i l  



APPENDIXH. . 

EXHAUST EMISSIONS, GMS/MILE 
1975 FEDERAL TEST PROCEDURE 

Test  
Mi l es 

Tes t :  ' 
Miles  

1979 Chevrol e t s  

Base Fuel Base + 5% MAE 
HC CO NOx HC CO NOx --- --- 

1979 Fords' 
. . 

. Base. Fuel . . 

HC CO - - NOx - 
Base + 5% MAE 

HC CO NOx 



APPENDIX I 

EXHAUST GAS CATALYST INSPECTION 
AFTER 20,000 MILES OF OPERATION 

Car: Chevrolet . Chevrol e t  Ford Ford 
. . 

I Fuel : Base Base + 5% MAE Base Base + 5% MAE 

Type Catalyst:  Pel l e t  P e l l e t '  Monoli th Mono1 4th 

I Plugging: None None None None 

Condit ion : Severe damage Good . 
t o  1 ower she1 f; 
me1 ted  areas, 
pel  1 e ts  spi  11 ed 
and several 
fused masses 
about 1/2 i n  
x 1-1/2 i n  

I 

Deformed area 
about 2 sq. in .  
i n  center o f  
ca ta l ys t  

. . 
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