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INTRODUCTION 

Vk lohiolouii .il ^nnl.imm.ilion ni lik-K lus been rcuijnn/eil loi several years as a polen 
liai problem in sloraee aiul use ol Inels Baelena ami Itmp'i that attack Inilroeaibons have 
been klenlilieil. nul it has been lecoimi/eil that bioloeieal degradation ol hydrocarbons 
ocitiis at the tuel wntci mlerlace Iheielore. the elimination ol water contamination is the 
hist step in preventing deterioration due to miciobes. however, complete elimination ot 
w.iiei Irom storage ami vehicle tanks is not always practical or. in some cases, possible. 
I thylene glycol monomethyl ether (I (¡MI I. which is added to aircralt turbine fuels pri¬ 
marily as a tuel system icing inhibitor, has been found to be an effective biocide. Military 
Specification Mil -l-27<tShl . Inhibitor. Icing. I ml System, is composed entirely of I (¡Ml . 
and evaluation and experience have shown that it does not affect the per'ormancc of fuels 
m let engines A commercially available material known as Biobor* .'b is marketed as 

‘biocide for contiol ol micro-organisms in jet aircraft, diesel and other by drocarbon fuels ': 
however, this material is not used in military fuels. 

A consideiable number of reports ot field problems concernin', microbiological deteri¬ 
oration of military materiel was instrumental in the initiation of a program at the U.S. Army 
Natick I aboratories to evaluate commercially available and experimental materials for then 
eftectiveness as biocides m fuels. I his program resulted in recommendations of live luel- 
soluble materials, which included Biobor Jl and I (¡Mb. and two water-soluble materials, 
for further ev aluution 

l he I S. Amu I uels and Lubricants Research Laboratory was assigned the task of 
evaluating the effects ot these biocides on storage, physical, chemical, and performance 
properties ol diesel fuels treated with these materials. 

Ihis report presents the results of this evaluation. 

SUMMARY 

I ive luel-soluble and two water-soluble materials recommended by the I'.S Army 
Natick Laboratories as being effective in controlling bacterial and fungi growth were evalu¬ 
ated to determine their effects on the physical, chemical, and ignition properties ot a 
standard relerence diesel fuel under prolonged storage. I wo of the fuel-soluble biocides, 
commercially available b(¡MI and Biobor Jl . produced very slight fuel deterioration during 
storage. I wo experimental materials, described as t|uinohnols. had more significant effects 
on tuel properties thin the first two materials. 1 he gasoline antioxidant, known as 
"phenylene diamine" and used here in much greater concentration than in gasoline tobe an 

*Uiuhi>i is .i luilem nk of I nited Stales Borax and Chemical Corporation. Composition: 

Active Ingredients 

2.2 "\vbis(4.4.<>-trimethvl-l J.2-dioxahorinanet ,..,,, 
\2 ( I -meihy Inimethy tonedioxy )bis-(4-metliy l-l .3.2-dioxaborinane) 

Inert Ingredients 
IViioleum Naphtha |Uoilmg Range 127 C(260 F) to 135°C(275'H| 5¾ 

iOO'? 



lomt'ilo« 'm!mv :T"1 ami ^ ^ 

.w ...i,,, "'■ 'lifh' ^ - 

An on^iiu“ valuation «,| (ho lud conlainiiif- 270 npm Biohor Jl- wh. h u,- »• i . 
Lihoraton evaluation to he one of the best fuel soluble hi.. , , , ' ‘,S ,(,U"d h>' 
1,1 ■* '«^cyele Detroit Diesel 6V-7IN e.u-ine In th • n ' WJS dueled 
Lubrieanls ot Southwest Research Institu* • ll r )P‘,r mcnl 01 1 Fuels, and 
basic design of the eng.ne allows fuel i Cng"k' W‘tsst',^'k'd because the 
the engine, thus permitting the use of th‘"b '• i "T 1,‘,Wlvn l,K‘ ,e,t banks of 
treated fuel through the second bank I h ■ ?" ' 701^1 °ne bank ;,nd ,hc additive- 
no harmful or benef. ul , ,. k T , r" englne eVall'ation< which shows 
,on,tiinics App-nJis A o( this roport K "'ad'' °n "K' "«'■ 

el Soluble Biocides 

DISCUSSION 

TlR' ,,V0 b,'K,,k'' «hc ,o„,,tt,r,ii„„s „SOJ w. lis,,,, Mow 

Biocide Code 

Biobor JK 

Concentralion. 
ppm 

--methyloxyethanol (methyl eellosolve 
or ethylene glyeol monomethyl ether) f 

BJF 

tGMK 

:n) 

Dtil'ont AU22 (\. N", di-see-butyl para 
pheny lenediamine) 

LSÜÜ 

5-diethylammomethyl-H-(|uino!inol 

^-di-n-butv laminomethyl-8-<|uinolinol 

ao:: 

tQ 

BQ 

IOÜU 

:oo 

100 

av^liÍMe^!mdr¿r^^ml^rrCK,l,y matCrÍa,S- Whi,° "1C EQ ;,nd B<^re 

ami :T^Z ImIoIÍc Th •'0l T ronl"1" «•«**»* with 

am, ., ,C„,p,ra„„,.,;^ 4« «T" ... 

alllhiont w".k* i!, ord^ r" C<K>' tnm 4}X 1 1 l0T’ '« 
might be encountered during field storage Fach fu •iT" ' k‘mpcra,l,ro chan8cs wh'^ 
without a 10-percent volume water b n ,UCl*b,°C,dc system was stored with and 

Deioni/ed water of 7.5 pH was used ro^ZZZZr^ ^ ^ C°ndÍtÍOns 

« Ih; pnKxsl„rSl "Vi b" Mcthild "VVof •“'uTsf,"""!"1'1' 
Hydrocarhon Fuels" ,Refra,toni,ter MelluxD.Vlhe rm^thod ,'orisjstod of shaking 

...., ..... . ■........ . 

m 

kMUHriUHIHriMIÉHIÉNIIÉIHtfNi 



H,),) o| ,1|,Kldo umuinmi: dk>d tu cl with 5U mV water tor 3 mm. in a separatory funnel. 
I ht feira».tive index ( R I. > ot the water layer was then determined. By comparing the R.l. of 
the water wash with the R.l s ot standard biocide water solutions, the concentration ol 
biocide m the water wash was determined. The results should be considered as approxima¬ 
tions ot partition ettects because very small changes in R.l. are representative of relatively 
large differences m biocide concentration. The results are tabulated below: 

Approximate percentage of 
biocide extracted 

Material RI.(N[“) from fuel 

Distilled water 

W ater was» of reference fuel 
+ 270 ppm BJI- 

W'ater wash of reference fuel 
+ 1500 ppm fcGMF 

W ater wash of reference fuel 
+1 ooo ppm ao:: 

Water wash of reference fuel 
+ 200 ppm HQ 

Water w ash of reference fuel 
+ 100 ppm BO 

1.3339 

I 3342 (,o 

1.3355 90 

1.3340 lO 

1.3339 o 

1.3339 o 

I he It.Ml. had the greatest extraction from the fuel by water, while HQ and BQ were not 
extracted by water. 

I he analyses of the fuel-soluble biocide samples before and after storage are tabulated 
in I able I In I able 2 are the analyses ot the tuel-soluble biocide samples before and after 
storage over 10-percent water bottoms. A general trend observed was that storage over 
10-percent water bottoms at 43 C (HOT) with the weekly cycle to ambient resulted in 
borderline to poor filter plugging tendencies for all samples. 

As shown by the cetane numbers in Tables I and 2. essentially no loss in ignition 
quality was observed before or after prolonged storage with the biocides present. W'hile 
there are some numerical differences evident in the fuel properties before and after storage 
as shown in lables I and 2. only the most significant, detrimental changes are discussed in 
Hus report Considering the significant changes in fuel properties of biocide-containing fuels 
betöre and alter storage, the biocides were classified into three groups. The first biocide 
group included 270 ppm BJF and 1500 ppm EGME. Very slight detrimental effects were 
observed with BJH or EGME present. BJF significantly increased the fuel rust tendencies 
before storage as shown below : 

Rust Tendencies Before Storage 

Reference diesel fuel 
Reference diesel fuel + 270 ppm BJF 
Reference diesel fuel + 1500 ppm EGME 

0 (no rust) 
4 (four or more large rust spots) 
0 

3 
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AIUt storage, without water bottoms nn>«»n* th . »• 
mereassut rust tendencies, while the BJF fu >U ^ ™ and t('ME ,ue,s had slightly 
^•Is of the same aimp.^tTon sto^ over *?" ^ **"* as show" above" 
porlormance. It is postulated that tin* t P water bottoms had excellent rust test ..-, ^ 
Hon is consistent with the water-n irtition .*11. r .BJF r°m the ,ucl' This explana- 
readily extracted by water The second h d,SCUSScd ear,ier- which showed BJF to be 

prcscnl. Fuol, Ky had fih ¿ biOCides'vere 
storage, the rating was «1° (poor) and .ft t t * P f t plu^,n« tendencies. Before 
samples was 82° ,poor) Seven, tí. Í- average of the four EQ-containing 

tendencies lest as a precipitate formed bo u/befo tv ^ weakness in the emulsion 
corrosion ( IB rating) was observed after stor.. t * an¡Í af,er storaPe- Slight copper strip 
-h BQ present ha. very ^ ^ ^ 
containing hQ or BQ had significantly lower If, hr Í rdt'ng) after storage. Fuels 
compared to the base fuel and thus antu-.r t„ h ttel,:rated »um stability values when 

below. The after-storage values a^ the avel nf^t funt,iona,ity as shown 
water bottom, at ambient and at 43°C ( | io°F)g a Samp es Stored< w,th and without a 

16-Hr Accelerated Stabüity Gum. mg/100 mi 

Reference diesel fuel 
Reference diesel fuel + 200 ppm EQ 
Reference diesel fuel + 100 ppm BQ 

oeiore storage 

5.6 
0.2 
0.2 

oi an sampies) 

3.9 
0.7 
0.5 

I he third biocide group included only lOOOnnm 40-)7 c j • 

properties were observed before and after C,PP Ad“‘" S re detrimental effects on fuel 
sion tendencies, filter plugging tendencies and hfer. Potînt,al Prob,em areas included emul- 
formation is illustratei below: ’ d intredsed 8Um formation. The potential gum 

16-Hr Accelerated Stability Gum, mg/1000 m£ 

Before storage 

Reference diesel fuel 
Reference diesel fuel + 1000 ppm 

A022 

5.6 

24.4 

After storage 
(Avg of all samples) 

3.9 

27.0 

¡Ä. A«:? Är pr'.“Tr /at,dromrof ,he «*»*••*. 
pholojirjph represt-nts a different sloragt- condition as fonows.*0 ^11 cach 

Figure I 
Figure 2 
Figure 3 
Figure 4 

Ambient, no water bottom 

Ambient. 10-percent water bottom 
43°C ( 110°F) cycle, no water bottom 
43 C ( I I0°F) cycle, 10-percent water bottom 

6 







To Mimm.iri/c iIjc evaluation of the fuel-soluble biocides, EGME and BJE were judged to be 
the onl\ acceptable materials since they had a minimal effect on fuel properties during 
Mouee Euels containing biocides EQ and BQ exhibited some undesirable characteristics, 
ana fuels with A022 had severe problems in emulsion tendencies, filter plugging, and gum 
formation. 

Water-Soluble Biocides 

I he two water-soluble biocides evaluated, and the concentrations used are listed 
below : 

_Biocide_Code Concentration, ppm 

Lauryl isoquinolinium 
saeharinate (Onyxide 4300) LIQS 10 

Dodecylguanadine-HCI (Cytox 
2013) DGH 5C 

One-gallon samples of reference diesel fuel were stored tor o weeks ... glass jars over neat 
and biocide-containing 10-percent volume water bottoms. The water bottoms had buffered 
pH levels of 5.8. 7.0. and 8.0. Storage was at ambient temperature and at 43°C (110°F) 
with a weekly cycle to ambient using the same cycle procedure as in the fuel-soluble biocide 
evaluation. I he Onyxide 4300 (I.IQS) was not readily soluble in water. With heat applied, 
the solubility was improved, but was still difficult. 

In I able 3 are the analyses of reference diesel fuel before storage, and after storage 
over 10-percent water bottoms. In general, the fuel properties showed insignificant change 
alter storage, and the water bottom pH's remained unchanged. Initially, a cetane number 
reduction had been reported for about half the samples stored over these biocides. Because 
of the wide range of cetane numbers determined and lack of correlation between cetane 
numbers and storage conditions, storage samples were prepared again, and the storage pro¬ 
cedure repeated. Cetane numbers of fuels from the second storage test showed essentially no 
loss in ignition quality. 

All fuels, whether stored over neat or biocide-containing water bottoms showed slight¬ 
ly increased rust tendencies compared to the reference fuel before storage. Most of the fuels 
stored over UGH had slightly greater filter plugging and emulsion tendencies than fuels 
stored over neat or LIQS-containing water bottoms. Both ( onditions indicate a trend 
towards very slight deterioration of fuel properties. In summary, storage of diesel fuel over 
either LIQS or UGH was acceptable, with LIQS being preferred, despite its reluctant water 
solubility, because it resulted in the least fuel property changes. 

Engine Evaluation 

l he prolonged storage evaluation of the candidate biocides indicated that two fuel- 
soluble and one water-soluble additives had minimal effects on diesel fuel characteristics. 
Both fuel-soluble materials are commercially available and one, EGME, has been used exten¬ 
sively in aircraft turbine fuels with no detrimental effects on performance. JP-5 aircraft 
turbine fuel, which requires the addition of a minimum of 0.1 v percent EGME. has been 
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»soil as lhe alternate fuel for compression ignition engines, and frequently in Alaska. Jet 

A I containing I (¡Ml is the primary fuel for diesel-powered equipment. Therefore, on 

recommendation of the Petroleum and Materials Department of M PR DC, BJP was selected 

for an engine evaluation, which was conducted by the Department of Engines, Fuels and 

Lubricants of Southwest Research Institute. A two-cycle Detroit Diesel 6V-7IN engine was 

utili/ed which permits fuel system isolation between the left and right banks of the engine. 

Unis, the engine fuel evaluation was conducted by supplying a base diesel fuel to the left 

Ivnk and the fuel treated with BJF to the right bank. A report on engine test results appears 

;.s Appendix A. and indicates that exhaust emissions, smoke engine wear, and deposit 

formation were not significantly affected by the presence of the additive. 

Since the water-soluble biocide theoretically would perforin its function in a fuel 

storage tank, and would not be solubilized into the fuel prior to combustion in an engine, 

the evaluation of the I.IQS water-soluble material in an engine test was not deemed 

necessary. 

CONCLUSIONS 

Two fuel-soluble biocides. BJF and F(¡MH. and one water-soluble biocide. LIQS. had 

very minimal effects on diesel fuel properties under prolonged storage. Fuel-soluble FQ and 

BQ. and water-soluble IXJH showed greater potential fuel deterioration during storage. 

Fuel-soluble AO22 was not satisfactory for use at 1000 ppm because of the detrimental 

effects on fuel properties observed before and after prolonged storage. 

Analysis of the engine performance data and inspection indicated that the fuel treated 

with BJF had neither a helpful nor a detrimental effect. 

II 



APPENDIX A 

REPORT OF COMPARISON OF TREATED VS. UNTREATED 
FUEL RUNNING CONCURRENTLY IN A 

DETROIT DIESEL 6V-71N TRUCK ENGINE 

1 
i 
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INTRODUCTION 

This ..„Bine. ..valuation was programmed to provide data on di. ael 

engin., performance and internal cleanliness when operated on a fuel 

i ontaining a chemical supplied and blended by the U.S. Army Fuels and 

Lubricants Research Laboratory. 

A 2 cycle Detroit Diesel 6V-7IN engine was used for this program 

The basic design of this engine permits fuel system isolation between the 

left and right banks of the engine. For this work the base (untreated) fuel 

was run in the left bank and base fuel plus chemical (treated) was run in 

the right bank. 

The operational mode was a 531 hour Detroit Diesel Allison truck 

cycle. 

PrecediRf pige Monk 

17 



DISCUSSION 

A Detroit Diesel 6V-71N diesel engine was rebuilt to new engine 

tolerances and specifications. The engine fuel system was modified to 

permit normal operation with left and right banks of the engine completely 

isolated from each other. 

During the initial engine buildup each Injector was evaluated using 

a liquid-injection bench apparatus. This procedure permits clear obser- 

ration of the spray pattern, to include penetration, cone angle and detectio, 

of erratic sprays from individual tip holes. Comparison of all injectors 

and between individual injectors before and after the engine test were made 

No spray pattern changes were noted which would indicate additive-injector 

system incompatibility. A typical spray pattern display is shown on page 4 

The engine was mounted on a test stand and connected to a 400 

horsepower eddy current dynamometer for power absorbtion and control. 

Pressure gauges and thermocouples were utilized for monitoring engine 

performance and condition. Pressures and temperatures were maintained 

With prese, automatic controls. Operational command is accomplished by 

programmed timer. 

Engine performance data was obtained initially, during and at the 

conclusion of the test. Performance data obtained included brake horse. 

power, brake specific fuel consumption, exhaust smoke, and exhaust gas 

analysis. 



A Caterpillar I II referenc e diesel fuel was used as the test fuel 

to which 270 ppm Niobor JF, a commercial biocide product, was added. 

This fuel blend had been evaluated' for fuel-additive compatibility, under 

accelerated laboratory conditions prior to the engine test reported herein. 

1 he storage studies showed no detr;mental additive effects on the base 

fuel's chemical, physical or ignition properties. During the engine 

evaluation phase, fuel degradation was monitored using ASTM D381 Exis¬ 

tent Gum procedure. The following data were obtained: 

Sampling Existent Gum mg/100 ml 

Initial fuel blend (12-10-73) 4 3 
Fuel remaining in tank (12-28-73) 7'g 
After addition of 1000 gallons new 

fuel batch (12-28-73) 3 9 

1 hese results indicate that some fuel deterioration occurred due 

to heating-recycling of the fuel during engine operation, however the 

degradation was within acceptable limits and compared favorably with 

past storage data. 

At the conclusion of the 531 hour procedure the engine was disas¬ 

sembled, inspected for engine condition and deposit formation. 

Analysis of performance data and engine inspection indicates that 

the treated fuel has neither a helpful nor a detrimental effect. 

valuation of Biocide Effects on Diesel Fuel Under Prolonged Storage 
AFLRL, 11 March 74. ’ 
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OPERATING DATA 



DKT ROI T PIKS K L 6V - 71N 

FUEL TEST 

1 .nbrii ,tnt: Mol)il P.-lva» I I <0 SAE_Date January 

1 »u l ( ode_Right Hank - Treated PT 12* Puration ot test, hrs. 

_Left Lank - Untreated R PF-6 

OPERATING CONDITIONS 

TRUCK CYCLE 

PHASE 1 

M a X. 

Speed, rpm 50H 

I .oad, bhp “ 2. Q 

Crankcase Oil Temperature, “F 130 
Water Out Temperature, "F 126 

Exhaust Back Pressure, in. hg. L.B. 2.4 

Exhaust Back Pressure, in. hg. R.B, 2/4 
Oil Pressure, psi 25 ~0 

PHASE 2 

Speed, rpm 2310 

Load, bhp 228.6 
Crankcase Oil Temperature, F 2*>0 
Wati r Out Temperature, °F 200 

Exhaust Back Pressure, in. hg. L.B. 4~Z 
Exhaust Bac-k Pressure, in. hg. R.B. 4_ 3 
Oil Pressure, psi c; j 
Bio why rate, cfh 33¾ 

Fuel Flow, lbs/hr L.B. 4 5 _ 
Fuel Flow, lbs/hr R.B. 45 3 

PHASE 3 

Speed, rpm 2413 

Load, bhp 230,H 

Crankcase Oil Temperature, °F 25^ 
Water Out Temperature, °F fq'y 

Exhaust Back FJressure, in. hg. L.B. 4~T 
Exhaust Back Pressure, in. hg. R.B. 4~Z 
Oil Pressure, psi 5Q 3 
Blowby rate, cfh 32 ¡ 

f uel Flow, lbs/hr L.B. 47 j 

Fuel Flow, lhs/hr R.B. 47^ 0 

Mm. 

4u I 

2, 0 

1 18 

J J 2 
0. r 
o. r 

1 S. 5 

2207 
22 3. 2 

248 
1 ^0 

3. 8 
' 3. r> 

48. 5 
240 

40. 3 

40. 3 

2 3^2 
226. 0 

250 
1 bp 

4. 0 
4,0 

4b. 0 
24 b 

42. 7 
42. 3 

0 - 531 Hours 
■>-» 

I '*74 

5 31 

A L' . 

500 
2. 0 
123 

~ 1 1 ^ 
0, 8 

0. 
iq.o 

2 301 

224. 7 
2 54 

1 "4 

4, 0 
4^. >> 

~~ 284 
43,1 

43. 3 

2404 
230.0 

255 

1() 5 
4. 0 
4,0 

4b. 8 

2° 7 
44. ó 
44.4 

Oil Consumption 0. 1 526 lbs/hr 



ENGINE PERFORMANCE DATA 



E
N

G
IN

E
 
P

E
R

F
O

R
M

A
N

C
E
 

D
A

T
A

 

(B
e
fo

re
 
T

e
s
t'

 

0) 

2 í¡ 
a o 

o H 
o 
'C ^ 

cc 

r«'! 

ro 
•-O 

SÜ 
c 

t- 
<M 

O O 
rf 

O 
o 

oc 

o 
f 

T 

o’ 

C^l 
C 

*r 

o 

<M 

't 

C 

^ r 
rt o 
— x: 
o H 
o 
oc ^ 
— 3 

Uh 

-c 

a 

(VJ 

LTi 
'f 

in 
'f 

<M 

■t o 
<j 

00 
'O 
o 
•t 

Q 
a: 

^ r: 

K X 
o H 
o _ 
o Z 
(M 3 

Ui 

ro 
vC 
m fM 

't 
fM 

'-O 
(VI 

X 

o 
'-o 
a 

X 
X 

NO 
■f 
a 
ro 

r3 
a* 
u 
w 
c 
D 

a> 
N a 

11 2 
0Í X 
o f- 
o 
fM 
<M 3 

X 
»t 
fn 

in 
(M 

X ^ fM 

fM ■"^ 
m m 

r- 
rO 

m »*• 
O 
— o 

fM 
fn 
o 
-t 

l/l 
01 

H 

fM 't 
fM 
fM 

m ir o 
o m fM 

fM fM ? O 
"f »t X 

X 
c 
r- 
m 

a 
X 
r- 
m 

T. 
X 

T! 
ffl 
0 

‘ -*-* X (t 

X i; :f o 
J J OS H 

« 

lî 
o 

X 
X 

TO 
c 
0 
U 

c 
(« 
s; 

CQ 

a 
+1* 

CÛ 

4> 
3 

U 
u 
V) 
CQ 

U 
Uh 
CO 
PQ 

U 

’J) 
CQ 

Praciding paît Mink 
:4 

MMÉHMéMiAmmim - 

v
e
ra

g
e
 

0
.3

7
Q

3
 

0
.4

0
8
4
 

0
.3

0
b
7
 

0
.4

1
0
4

 





2ft 

1^
>0

0 
1
H

0
0
 

R
P

M
 

2
0

0
0
 

2
2

0
0

 



< 
H 
< 
Q 
U 
U 
Z 
< 
s. 
DS 
O 
U< 
DS 
UJ 
a. 
w 

O 
V. 
w 

vO 

Un 
Q 
« 

t; 
a< 
*- 
« 
i» 
»H 
«■> 
c 

(ü 

U 

2 
c 
(fl 
c 

O 
J 

<K 
r-4 %-• •*-» 
*i 

a, 2 
PS X. 
o H 
o 
(M >H 
M (fl 

tx 

Í5 " 
2 

DS X 

O H 

O -W 

o u 
(VJ (fl 

CX 

"S 

^ 2 OS X 
o H 
o +> 
00 I- 
— (fl 

eu 

^ 2 os x; 
o 
O -u 
nC U 

»- (fl 
(X 

c 
0 

T3 
C 
0 
U 

27 



L 



SMOKE AND EMISSIONS DATA 
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EXHAUST GAS EMMISSION DATA 

Interval, 
Hours 

24 

503 

RIGHT SIDE (TREATED) 

CO, % COZ. % 

0.003 6.40 

0.002 6.20 

^2 % HC, ppm 

12.41 67 

12.41 37 

NO, ppm NOx, ppm 

720 750 

597 647 

Interval, 
Hours 

24 

503 

LEFT SIDE (UNTREATED) 

CO, % 

0. 022 

0. 027 

C02* % 02 % HC, ppm NO, ppm 

6.47 12.16 60 616 

6.40 12.00 40 530 

NOx, ppm 

650 

564 

31 



ENGINE WEAR DATA 

Prectdiig paga blank 
33 



CONNECTING ROD BEARING CLEARANCE 
INCHES, (PLASTICAGE) 

No. I Right 

0. 002 

RIGHT SIDE 

No. 2 Right 

0. 002 

No. 3 Right 

0. 002 

LEFT SIDE 

No. 1 Left No. 2 Left No. 3 Left 

0. 002 0. 002 0. 002 



U ppe r 
Half 

Start 
Finish 
Loss 

Lower 
Half 

Start 
Finish 
Loss 

Total Loss 

Upper 
Half 

Start 
Finish 
Loss 

Lower 
Half 

Start 
Finish 
I .oss 

Total I.oss 

CONNECTING ROß BEARING WEIGHTS, GRAMS 

RIGHT SIDE 

No. 1 Right 

83.3124 
83.2432 
00. 0692 

69. 6142 
69.6030 
00.0112 

00.0804 

No. 1 Left 

83.7512 
83. 6720 
00.0792 

72.5041 
72.4917 
00.0124 

00.0916 

No. 2 Right 

83.2872 
83.2270 
00.0602 

69.8515 
69.8330 
00.0185 

00.0787 

LEFT SIDE 

No. 2 Left 

83.7776 
83.6995 
00.0781 

69.7002 
69. 6896 
00.0106 

00.0887 

No. 3 Right 

83. 3326 
83. 2735 
00.0591 

69. 6973 
69. 6874 
00.0099 

00.0690 

No. 3 Left 

83. 6444 
83. 5780 
00.0664 

72.0407 
72.0244 
00.0153 

00. 0817 

35 



RING GAP MEASUREMENTS, INCHES 

Ring I 'osition 
Cylinder 

No. 1 Right 
Cylinder 

No. 2 Right 
Cylinder 

No. 3 Right 

(Top) Finish 0. 043 
Start 0.036 
Increase 0.009 

0. 044 
0. 032 
0. 012 

0. 042 
0. 035 
0. 007 

FTnish 0.032 
Start 0.030 
Increase 0.002 

0.032 0.035 
0.031 0.034 
0.001 0.001 

Finish 0. 032 
Start 0.030 
Increase 0.002 

0. 031 
0. 031 
0. 000 

0. 033 
0. 032 
0. 001 

Finish 0. 028 
Start 0. 028 
Increase 0.000 

0. 032 
0. 032 
0. 000 

0. 034 
0. 034 
0. 000 

(Top) Finish 0. 026 
Start 0.024 
Increase 0.002 

0. 020 
0. 020 

0. 000 

0. 024 
0. 024 
0. 000 

(Hot. ) Finish 0. 025 
Start 0.022 
Increase 0.003 

0. 024 
0. 023 
0. 001 

0. 024 
0. 022 
0. 002 

(Top) Finish 0.026 
Start 0. 02 1 
Increase 0. 005 

0.025 0.022 
0.024 0.020 
0.001 0.002 

(hot. ) Finish 0.025 
Start 0. 021 
Increase 0.004 

0. 025 
0. 025 
0. 000 

0. 025 
0. 022 
0. 003 

Ave rage 

0. 009 

0. 001 

0. 001 

0. 000 

0. 001 

0. 002 

0. 00 3 

0. 002 



HINC, GAP MEASUREMENTS [NrHjrks 

IGna t^osition 

(Top) 

2. 

3. 

4. 

Finish 
Start 
Increase 

Finish 
Start 
Increase 

Finish 
Start 
Increase 

Finish 
Start 
Increase 

Cylinder 
No. 1 Left 

0. 044 
0. 035 
0. 009 

0. 031 
0. 030 
0. 001 

0. 033 
0. 031 
0. 002 

0.033 
0. 031 
0. 002 

0. 022 
0. 022 
0. 000 

0. 027 
0. 024 
0. 003 

0. 027 
0. 024 
0. 003 

0. 025 
0. 024 
0. 001 

Cylinder 
No. 2 1 .eft 

0. 040 
0. 031 
0. 009 

0. 031 
0. 030 
0. 001 

0. 031 
0. 030 
0. 001 

0. 031 
0. 031 
0. 000 

0. 026 
0. 025 
0. 001 

0. 026 
0. 023 
0. 003 

0. 027 
0. 025 
0. 002 

0. 026 
0. 024 
0. 002 

Cy linde r 

No. 3 Left 

0. 042 
0. 032 
0. 010 

0. 031 
0. 030 
0. 001 

0. 028 
0. 028 
0. 000 

0. 031 
0. 030 
0. 001 

0. 024 
0. 024 
0. 000 

0. 029 
0. 024 
0. 005 

0. 022 
0. 020 
0. 002 

0. 022 
0. 022 
0. 000 

ITop) Finish 
Start 
Increase 

(Bot. ) Finish 

Start 
Increase 

(Top) Finish 
Start 
Increase 

(Bot. ) Finish 
Start 
Increase 

Ave ra^e 

0. 009 

0. 001 

0. 001 

0. 001 

C. 000 

0. 004 

0. 002 

0. 001 

37 
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RING WEIGHT MEASUREMENTS. GRAMS 

1. 

2. 

3. 

Ring Position 

(Top) Start 
Finish 
Loss 

Start 
Finish 
Loss 

Start 
Finish 
l.oss 

Cylinder 
No. 1 Right 

20.1052 
20.0202 
00.0850 

20.4802 
20.4499 
00.0303 

20.6923 
20.6779 
00.0144 

Cylinder 
No, 2 Right 

20.2187 
20.0598 
00.1589 

20.4389 
20.4049 
00.0340 

20.4623 
20.4475 
00.0148 

Cylinder 
No. 3 Right 

20.1485 
20.0368 
00.1117 

20.6480 
20.6192 
00.0288 

20.6726 
20.6621 
00.0105 

4. Start 
Finish 
Loss 

20.6028 
20.5960 
00.0068 

20.6281 
20.6216 
00.0065 

20.6430 
20.6363 
00.0067 

(Top) Start 13.8660 
Finish 13.8491 
Loss 00.0169 

13.7742 
13.7584 
00.0158 

13.7565 
13.7396 
00.0169 

5. (Bot. ) Start 13.4136 
Finish 13.3903 
Loss 00.0233 

13.4615 13.2772 
13.4411 13.2559 
00.0204 00.0213 

(Top) Start 13.4181 
Finish 13.3989 
Loss 00.0192 

13.7080 
13.6910 
00.0170 

13. 4043 
13.3844 
00.0199 

(Bot.) Start 13.4033 
Finish 13.3866 
Loss 00.0167 

13.4652 
13.4497 
00.0155 

13.6236 
13.6034 
00.0202 

Average 

00. 1185 

00. 0110 

00.0132 

00.0067 

00.0165 

00.0217 

00.0187 

00.0175 

40 



RING WEIGHT MEASUREMENTS, GRAMS 

Ring Position 
Cylinder 

No. 1 Lcff 
Cylinder 

No. Z Left 
Cylinder 

No. ï Left 

(Top) Start 20.3408 
Finish 20.2122 
1-oss 00. 1326 

20.0658 20.0655 
19.9635 19.9596 
00.1023 00.1059 

Start 
Finish 
loss 

20.4026 
20.3563 
00.0463 

20.4281 
20.3988 
00.0293 

20.4619 
20.4372 
00.0247 

3. 

4. 

Start 
Fini sh 
Loss 

Start 
Finish 
Los s 

20.6294 
20.5955 
00.0339 

20. -,314 
20.4088 
00.0226 

20.6574 
20.6450 
00.0124 

20.4257 
20.4171 
00.0086 

20.3680 
20.3581 
00.0099 

20.5745 
20.5657 
00.0088 

5. (Top) Start 13.5781 
Finish 13.5567 
Loss 00.0214 

14.0293 
14.0136 
00.0157 

13.4890 
13.4647 
00.0243 

5. (Bot. ) Start 13.4849 
Finish 13.4593 
Loss 00.0256 

13.3529 13.6173 
13.3286 13.5832 
00.0243 00.0341 

(Top) Start 13.5095 
Finish 13.4870 
Loss 00.0225 

13.1412 13.2763 
13.1196 13.2516 
00.0216 00.0247 

(Bot.) Start 13.6195 
Finish 13.5992 
Loss 00.0203 

13.7458 
13.7244 
00.0214 

13.6745 
13.6511 
00.0234 

Average 

00.1136 

90.0334 

00.0187 

00.0133 

00.0205 

00.0280 

00.0229 

00.0217 
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PISTON TOP 

P¡^«»n No. 

1 R is lit 

?. K in ht 

S R il-ht 

I Prit 

l Left 

i Left 

Cylinder No, 

1 Riyht 

?. R iuht 

i R i«ht 

I Left 

?. Left 

î Left 

Description, CRC Thickness Scale 

2 percent "C", 98 percent "A" all hard carbon 

5 percent "C", 95 percent "A" all hard carbon 

10 percent "C", 90 percent "A" all hard carbon 

1 percent "C", 99 percent "A" all hard carbon 

1 percent "C", 99 percent "A" all hard carbon 

1 percent "C", 99 percent "A" all hard carbon 

EXHAUST VALVE TOPS 

Description, CRC Thickness Scale 

5 percent "C", 95 percent "A" all hard carbon 

5 percent "C", 95 percent "A" all hard carbon 

10 percent "C", 90 percent "A" all hard carbon 

100 percent "A", hard carbon 

5 percent "C", 95 percent "A" all hard carbon 

100 percent "A", hard carbon 

EXHAUST VALVE TULIPS 

All Valves: 0. 5 demerits 



RING GROOVE CARBON 

PERCENT FILLING 

Cylinder 

1 Right 

2 Right 

3 Right 

Average (Right) 

1 Left 

2 Left 

3 Left 

Average (Left) 

Fire 

7 

15 

20 

14. 5 

15 

15 

15 

15 

No. 1 

65 

45 

85 

65 

90 

90 

95 

91.7 

No. 2 

12 

25 

20 

19 

40 

35 

15 

30 

No. 3 

3 

3 

5 

3. 7 

2 

4 

8 

4. 7 

INTAKE PORT PLUGGING. PERCENT 

Cylinder 

1 Right 

2 Right 

3 Right 

Average (Right) 

1 Left 

2 Left 

3 Left 

Average (Left) 

Percent Restriction 

5 

11 

6 

7. 3 

27 

16 

21 

21.3 
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OIL CONTROL RING GROOVES 

Groove 

D<*nu>rits 

1 2. 0 

2 Right 2.0 

3 Right 2. 0 

1 L(*ft 2.0 

2 Left 2.0 

Ming Condition 

All rings: Free 

Lmrl Pepos its 

All lands: Normal 

Oil Holes 
Percent Plug 

0. 0 

0. 0 

0.0 

0. 0 

0. 0 

0. 0 

Kxhanst Ports 

All parts: Normal with CRC "C" scale soft carbon 

Oil Sc reen 

0.0 percent plugging 

Addil i ona 1 

< >¡1 Pan: 0.4 demerits 

VaP e Deck: 0.4 demerits 

Valve Cover: 0.4 demerits 
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CYLINDER LINER CONDITION 

Cylinder No. Thrust 

1 Right 1 

2 Right 2 

3 Right 1 

Average (Right) 1.3 

1 Left 7 

2 Left 6 

3 Left 9 

Average (Left) 7.3 

Percent Scuffed_ 
Anti -Thrust Total Area 

2 1.5 

10 6.0 

2 1.5 

6.5 3.0 

10 8. 5 

11 8. 5 

4 6.5 

8.3 7.8 

Percent 
Glazed 

40 

60 

55 

51.7 

75 

65 

60 

66. 7 

Percent 
Lacquer 

12 

15 

9 

12. 0 

6 

7 

3 

5. 3 

PISTON SKIRT CONDITION 

Piston No. 

1 Right 

2 Right 

3 Right 

1 Left 

2 Left 

3 Left 

Lacquer 
Demerits 

3.7 

4. 5 

3.7 

4. 5 

4. 3 

4. 0 

12 percent light 

14 percent light 

8 percent light 

6 percent light 

1 9 percent light 

1 3 per-- nt light 

Description 

scuffing - moderate carbon cutting 

scuffing - moderate carbon cutting 

scuffing - moderate carbon cutting 

scuffing - heavy carbon cutting 

scuffing - moderate carbon cutting 

scuffing - moderate carbon cutting 
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ANALYSIS OF BASE FUEL 

Property 

API Gravity 

Viscosity at 100°F, Cs 

Flash Point, “F 

Cloud Point, “F 

Pour Point, °F 

Water and Sediment 

Carbon Residue, % 

Lamp Sulfur, % 

Acid No. 

Aniline No. , cF 

Copper Corrosion 

Distillation, “F 
IBP 

10% 

50% 

90% 

EP 

Cetane Number 

T est Fuel 

33.2 

3.20 

185 

+ 23 

+ 18 

Cat 1-H/l-G_ 
Specification5'- 

Record 

1.6 -4.5 

100 min. 

Record 

20 max. 

0.0 

0. 10 

0. 415 

0.11 

145 

1A 

0.05 max. 

Record 

0. 35 - 0.45 

Record 

Record 

Pass 

410 

468 

519 

603 

689 

47(1) 

Record 

Record 

500 min. 

600 - 640 

650 - 690 

40 - 45 

Higher Heating Value, Btu/lb 19,550(2^ Record 

Accelerated Stability, total insolubles, 
mg/100 ml (max) _ _ 

^Calculated Cetane Index. 
(2) 

Calculated higher value from gravity, viscosity, and distillation properties. 
Section 4.1, method 341, FTM Std. 791B. 
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APPENDIX B 

TEST PROCEDURES 



tol;"u‘ N,,mht,r AS,NI ^ *‘>r Ignition Quality ot Diesel Fuels by the Cetane 
Me I hint 

I xislnit (111111 ASIM I) ?N| lest tor I xislenl (uim in Fuels by Jet I vaporalion. 

Aeieleraled Stahilily ASIM I) :_’74 |1>S| („i Stability o| Distillate Fuel Oil (Aeeeleialed 
Metli(Hl) 

Kamsbottom Carbon Residue on 10-, Bottoms ASIM I) 524 Test for Ramsbottom Car- 
hon Residue ot Petroleum Products. 

Id lei ability Index Method described by W.D. Berdolette and H.D. Marvel. “Survey of 

Roadside Diesel Fuel Filterability.” Diesel Fuel Oils. ASIM SIP 41 T Am Soc Test i ne 
Mats.. |‘)(,7. p. 51 • f 

Cu Strip Corrosion ASTM D 130 Test for Detection of Copper Corrosion from Petroleum 
Products. 

Total Acid Number ASTM I) 664 Test tor Neutralization Number by Potentiometrie 
I illation 

Rust Tendencies AS I M D 665 Test for Rust-Preventing Characteristics of Steam Turbine 

M 11-1-^017(-^^° 0l Wa,Cr Pr°CedUrC B nUK,i,ied for ,l,d toting as described in 

( loud Point ASIM I) 2500 Test for Cloud Point of Petroleum Oils. 

Pour Point AS I M I) 67 Test for Pour Point of Petroleum Oils. 

V|SlTi!|mdsS ' M l} 445 IX‘tCmiination wt KilK‘m;,,ic Viscosity of Transparent and Opaque 

F mulsion Fendencies Federal l est Method Standard No. 701 B. Methoil 550 Fmulsifica- 
tion lendencies ot Petroleum Fuels by Multiple Contact Extractions. 

I nicrlacial Tension AS I M D 071 Test for Interfacial Tension of Oil Against Water by the 
King Method. 

Preceding pige blank 




