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AUINUFUNAEITDS

2.1 awawialygad E85

TagtunanguseimanilandoskByiunudsswenisiaingAntsaliuinduiaeings vinla
medguazionvurdnauliiinisihndsnumadenuilduniu widundsnunadenilasuarudey
nglisaeudunTuegsseiiios liisawslunivawsnazelsuwiniu fs diduuialeges lne

o w 7 L3

Ho “uhalvsed” Ju \Juiudmianainawdangwin “Gasohol” dafiunisuaudiin “Gasoline”
uay “Ethanol” Wdeiy thiuufalesedlisumetaurdulaeiiaauszasdiiiodundanunaden
Tunsanldinduundu ussvaununmsldansifuuiaiiefiueoonu (Octane) vasthsiuiuudu s
FoaudnainsnsUssma 819l @13 MTBE (Methyl-Tertiary-Butyl-Ether) fudu wonani Yenau 9
vosmsldiuufalseedie uualduvosmawilniluaiossudfiauysaidy esmnlasadamaad
Youeanesed vilvansaanUinafisansueutousnles (CO) ignudesesninainvielelde uas

anunsnanuaiwluane

nsuanuduLialeggesd dudnAsnisiieniusanislediaweansged (Ethyl Alcohol) Nmau
AuthduwuuduliansneiuiofiuAsonmulaznaununslidars MTBE sl lemusalinasutoy
191 MTBE Usganas 1.6 - 1.8% aglunisndnufialesed stlduoanegeaiiininuusans 99.5% lay

=

U510 Feduneanssedailailaainnisuusgyaniivimanudaziinia wu dee dudiUznas

v A

ssSuy Towa 917 919919 wazdlwe Wudu fedaust w.e. 2544 Wuduun lednisudnuas

o

Imeidunialesedlulsemalnglunatedasidin ansauddladaianslugun 2-1 uay

A15199 2-1 1 4 e saselUdl

o uiuuAaleged 91 Wuuduufialesedans E10 Fsldainnisnantdiduiunduiugiund
A10BNMIY 87 AULLMUBAUTANT 99.5% tneUSuns ludnidiuuuiuegietay 90% se

wuealiiiu 10% weldinAteanwmuUseuias 91
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o uiuufaleged 95 Wuiduuialesedans E10 Feldainniswantsiuiuuduiiugiund
A10BNMIY 91 AULUBAUTENT 99.5% IneUsuns Tudnsdiuiuuiuegiatioy 90% wie

wyueakiiiu 10% wWisliminAreonmulseuias 95

14 ¥ 1

o uruufaleged E20 Wuunduufalegedansildinnisnauinfiuuuduiugiund

A10BNMIY 91 AULUBAUTENT 99.5% IneUsuns ludnsndruiuuduegiatioy 80% #ie

ONIUBATENIN 19 - 20% wWislminA1aammuUsLUI 95

14 ¥ 1

o a 6V '3 I o w [23 '3 av v ,ol £ a dy A a
o undluufalesed E85 uliuuialygedgnsilaainnisnaniidulvuduiugiund
A1DBNU 87 AUMUBAUTANS 99.5% lasusuns Tudnsdruuuiuetiales 15% se
lenuealidiiu 85% FeagiinAreannuusyann 100-113 (AuuueuasIusgiuUIum

Y

ANUNANLAAZTTN)

Gasohol 91

Gasoline
Base 87

Ethanol
125

Gasoline
Base 91

Gasohol 95

EEE—

JUN 2-1 mM3dnUssinvvesiduuialegednuuiinvesdiunaunanuagdnsnau
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d‘ ! U %}I U 23 13 a 1
A1519% 2-1 drunauvanvesiidulialgsedsiamig i Tuussnalne

ANUNIZAN 9 Ussunuasingu
whalggoa 91 | uwidlwgea 95 | whdlggea E20 | wialuges E85

RON 91N 95N 95N 95N
Sulfur (ppm) 50

Aromatic (% Vol.) 35

Benzene (% Vol.) 1.0

Olefin (% Vol.) 18

Ethanol (% Vol 9-10 19-20 laishndn 75

(%
L o U

ndesunedieiy tsiuuialesed 85 Ao tenawwandmiuldusooud Wyt
walesedldnmanaumiduuuduiugwidisesnu 87 fulevueauians 99.5% lasu3uas
Tudhmamiuudusenation 15% elovuealuiifu 85% wUsvasivasninamirdusiindde nnsth
lonusau L dudiunaundnlutiiuidomasuessnsuiiieanUsuianisidinduuudy sausld
leuaLfionaunuas MTBE ez Aiiudeenmulutisfuuudy %a%mmmﬁgmﬂwﬁaﬁ

¥ ) a Ll = Y v -dy
waztadsidausauiioulaned

A1599 2-2 ToR-Taldsvasnisidieoniusantdudlrunanluinsuuugu

4oh Joide
o anUsunansldiuuudu ° é’mwmséuM%amandwﬁwﬁumu%u flesan
® ann1suLeans MTBE  fivinutindidiuanaan Lamuaau‘%egm‘éiﬁwé’wmﬁasﬂdwﬁwﬁuwu%u
oy 555URUSTINRL 23%

[ [
= 1 o U a

o JArenuAastunIN T uULEY Bluay | @ ledeniinannswnludlueseseunagiiing
U

¥
=

Uszansnmlunisvhauvesaioseus lulasiaueenlasd Faduufaiuviiingy

o [~4 12 = 1
® anUSunafwAsUsuLRURNlaRanYielaLEe Iudestimsnisguasielulueuan

o liflgfusnsudlunguiiFondn FFV (Flex Fuel

, AR
Vehicle) wuu

) A o % Ao A a a £ P o 1% s
LONIUDAUAINANIUAIINTDY 84,600 ungaananau 1ummwmwumqwsaaﬂmu 95 {dANAIUAINUTDU 125,000 ungne

wnNaaeu At e llendsumusauivini adelduSunanihtuuialyeed £85 unnnintsuiundu

@ - . o
s1eavidunaSungluiite 2.3
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wnsgrunsuanuialegeddnsunisididuinduidomadusasud lasuoygislidniswde

o | ' v & P ) { (3) P
LLagzﬂqﬂuqﬁJ@Hqﬂgﬂ@@ﬂuu 1@3\53 l’ﬂummgm ASTM D 5798-99 ﬂ\‘iﬂ'ﬁ"\\iﬁ 2-3 I@ﬂllﬂ'ﬁ

9

AuANUINavesaIanTdAy touA USinaneniuea Usunalelasansusu wasuTinamuediy

o

AN5197 2-3 1I9TFIU ASTM D 5798-99 dmdumsnanufialeseduin E75 - £85 leldiduiiiu

& a ¢
WalNAIluTneus
Property Vahue for Class Test Method
ASTM volatility class 1 2 3 [T
Ethanol, plus higher alcohols
{minimum volume %) 79 74 70 ASTM D550
Hydrocarbons (including
ant) (volume %) 17-21 17-26 17-30 ASTM D4815
Vapor pressure at 37.8°C -
kPa 35-59 4865 6683 ASTM D4953, DS190, 05181
psi 55-85 T0-85 95920 -
Lead {maximum, mg/L) 26 26 38 ASTM D5059
Phosphorus
{maximum, mg/L) 0.3 0.3 04 ASTM D323
Sulfur (maximum, mg/kg) 210 260 300 ASTM D3120, D1268, D2622
Methanol
(maximum, volume %) : v i =
Higher aliphatic alcohols, 2 NiA
C3-C8 (maximum volume %) . )
Water (maximum, mass %) - 1.0 - ASTM E203
m;”“:fn“““‘,l 33"“” 3 50 : ASTM D1613
;m;:;rﬂth "’"1“1 - 1 - ASTM D512, D7988
i d ko : 2 : ASTM D4829
Gum, unwashed
(maximum, mg/100 mL) = 20 - ASTM D381
Gum, solvent-washed
{mascimum, mg/ 100 mL) - =4 - BTG5
Copper
i, TO/08 8 2 0.07 = ASTM D1688
Product shall
': W"'”ml ; Appearance determined
Appearance - of precipitated - - mu;qgcmmmwa
contaminants o C0R),
(shall be clear whichewer is higher,
and bright

“ . ASTM D5798-99 Standard Specification for Fuel Ethanol for Automotive Spark-Ignition Engines
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[
o w

wan Nt nteyaidulIeuiieuantivesuialyged £85 wnIuea ten1uea wavusly

a ada ) i (4) & = P Y1 a ada o 1
Wwudundaesninu 87 fen1s1eil 2-4  lasdisiUSsuiisuihdudemaiidimuielulssmalng
Toun uduuialeses E85 wavuiuiuuduseninu 87 Tumden1s q 9nuitA1eenmuvesdldy

wialegos E85 UAUszunas 105  FegenitAvesinfuuudueeniny 87  egielsiniu wndiy

a a

wialyged £85 azilAiAnuion 12,500 Ufigdedous dwwalidnsinisauiuaesainnisidunsiu
wiialgged 85 gandnffuiuuguesninu 87 Nilmaiiuieu 18,000 - 19,000 Ufigselousd viseiile
NAsaunszeenensalalasatifuniawnaasy wWiulein Weldifuuialesed £85 avislasyaznig

= v

Hu 729% vesszormaildthiunuiueennu 87 Wuidenas feaenedesivlunsdldseydsdoya
Snsdusedminvesemiauazindudemdeiivnzandmiunsgnssdaluniessudiuuiu lag
awnuTlunsdifiviinaemeindu dadmvenitudemdsifuiduundulunmsyaszdaasiion
nidndiuresiduuialesed £85 edidlsinu WaFsudioudvasindsiildaniadossusddld
hifuisaessiin aswuiniiuufalsed £85 Wimmdsiiganhaiildnmiduuudulssinaiesas
3 - 5 Bnvialunishniatesuivnziedondunie “Cold start” fufusaosriinldfunmsUssiduey
Tunast “3” Ssanusananléid diduufaleeed 85 lulddwaidoroaussouznisfniaioseus

= I3 P
mmzmiaawuwamﬂm

AN 2-4 NSIUSYUEUANURUD DL NAILAAT TR

Property Methanol Ethanol {sg“gf:'li::e} E8S
Chemical formula CH50H CzH-0H C4 to Cy, chains *
Main constitue nts 38C,12 H, 52 C, 13 H, 85-88 C, 57 C, 13 H,
(% by weight) 500 350 12-15H 300
Octane (R+M)/2 100 98-100 86-94 105
Lower heating value (Btu/Ib) 8,570 11,500 18,000-19,000 12.500
Gallon equivalent 1.8 1.5 1 14
Miles per gallon . 55% 70% = 72%
compared to gasoline
3;';“{";‘;:?:; 2::,;0 Tank is 1.8 Tank is 1.5 . Tankis 1.4
equivalent to gasoline) times larger times larger times larger
Reid vapor pressure (psi) 46 23 B—15 6-12
Ignition point -

Fuel in air (%) 7-36 3-19 1-8 *

Temperature (approx.) (°F) 800 850 495 3
Specific gravity (60/65°F) 0.796 0.794 0.72-0.78 0.78
Cold weather starting Poor Poor Good Good
Vehicle power s s Swwad| ST
Stoichiometric air' fuel ratio 6.45 9 147 10

(by weight)

* Depends on percentage and type of the hydrocarbon fraction.

“ Jan - ASTM D5798-99 Standard Specification for Fuel Ethanol for Automotive Spark-Ignition Engines
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Tusmuvesaussauzvasnsidamasindusialesedlultlusasud s uisuiuinduiuudy
®)

[y

& v o | a a Y] o v & v v & a a
UU Qqﬂmﬂyjaﬂ@ﬂmﬂaﬂqﬁﬂquj YNHNIUUN ﬂ\‘iLLﬁﬂQﬂLugUVl 2-2 bLﬂllﬂ'ﬁLﬂ‘U“U@Haﬂ']{LSULﬂjBLWﬁQLGU\‘]

Wiguiiousiuay 3 vdalaud drsuuudy dduuialesed £22 wavioniuea E100 Ipodl
fnguszasdifofnuunltdudulssansnmannslddhiuidumaenuealudadiuiiuansei
Tugusne q Fenuinadanaia liun Afds (Power) Aussdn (Torque) LAZANAIILTIFIEATDY
sa (Max. Speed) #ldannsldidomasoniuea £100 fidunnnimisiuuialesed £22 uaviigiu
wudu Tneidsildanneiessudainnsididemaseniuea E100 Ay 1.1 wihwesidsiildain
dsfuuudu Mmdsildaniunialesed £22 Andu 1.03 wheeeidadildainttuuudu du
usadndilgannadessudainnisldidemaseniuea E100 Andu 1.06 wihweardeiildannisi
wudy usadedildanninduuialosed £22 Amdu 102 whvesideildaninsuuudu Taoen
anudigeanildludadisuifievanidemdaonuea £100 uasthiuufalueed £22 Anu 1.05
whuay 1.03 whweshiuuuduniugidu sgrdlsinurndeaussaus Toun §ns1ise (Acceleration
Rate) uawns1n15auiUEea (Consumption Rate) vestisfunfaleseddosniniuuniy lnesns
IswdeszeznafldlunisyianuEiann 0 e 100 Alawnsdetalusiildanidemaseniuea E100
szAnIninfunialesed F22  waziishuuudy uasdasinisaudesainnisld idomnaseniuea

E100 wavuduufialeged £22 azaininiduuudu lneAndu 1.29 wiuag 1.05 winmuddiu

. . I
. -

Power Torque Max Speed Acc Time Consumpion
(0~100 km/h) (L/100km)

DO Gasoline 0% ® Gasohol 22% 1 Ethanol 100%

JUN 2-2 nuuanenIsiUTeusUaNsInusveATeuRINMs LU ULy Whduuialeges £22

(5)
wazlani1uea E100

® flan : USEPA 2002 Factsheet — Optimized E85 vehicles
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' ¥
=) a a =

Snusziiunileiiunaula Aessrusznevluledefiintuainmswalusiluadossusduniy
aelu Feitlduandugud 2-3 @ audiulidn Madefifniunisnnliuialyeed £85 ieifteuriuld
drsfuiuudy fuunlduanamanesin Wy assuradlelasaiiueu (VOCs) Ariususeuanles (CO)
Huazead (Particulates) ngufiaussnnlulasiaueanlas (NOx) dawin (Sulfates) fAwiseunsyan

(GHG) wazansiiwau 9 (Toxics) Fudugaauiiddguasindiuuialesed £85 lunisudnadulininnis

P lUlglureandna

-20% A

-40% A

VOCs cOo Particulates NOX Sulfates *GHG **Toxics
—. -10%
-15%
-20%
-25%
-40% -40%

Sources: USEPA 2002 Factsheet - Opi
* Wang et al; Argonne National Laborai

5 vehicles; MPCA Website (8/02)
ifecycles; 1997

60% | g

5 ** Winebrake et al; 2001 [CARB CUREs,

Oséﬁiibnnoi
Pollution-Reducing Potential: gy,

E85 vs Gasoline

-80% 4

100%

~ v a & N A Yo o e (6)
JUN 2-3 nsmluansuuiliivesUSunuiwdenanasainmsiduiuuialueed £85

2.2 AANNISYINUBAZEIUUSENBUVDILAIDIBUA LUSOINTETUSUR

Tutagtu wsessudvessadnseueudldgniwunlvfivuangiinde il Ussndauidu
Wolnds Jaussauzgs Sedanisungeinw wazadadanisanledouazidesnluuaninzse
Fuwnden MatnmAluladuasndnnI1s N UYDLATEIEUS A1U1T0RUBATOIUUANINTININTINIL

[

msvuladursiinasdeamsiazddaing Sainann1s9naua Il

© flan : USEPA 2002 Factsheet — Optimized E85 vehicles
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2.2.1  VANAISTHNI9IUVDILATDIYUATAINTIULUR

MANNNTYINNUVBUATRIUAUTENDUMENTEUIUNT 4 TumBugas Laun N139a N159M

AN552LUA LaTNISANY éfummﬂugﬂﬁ 2-4

N139N N1990 n33eLdn N13AY

= v v o gj d' (3
E'U‘Vl 2-4 AINTNITNINU 4 YUNDUVDIAIDILUS

nsgn  Wuduseunisgauniiudamduasoiniadignszuengu lnenoungnauay

\ARRUTUUAIUMLIEER SeSendwiwts “audaieuy (TDC, Top Dead Center)” aniledasna

6

Tiduledile legnguindounasazgalofidnuiussylunszuenau n1snauledilnneusunusaud

a ¥

mauwililefgnaadiussglunseuenguladiud freiinuszansamluniswnindiomas

Y Y

nsan  Judureunsdadiunaudowmduareinialiliteuluminsausenisyn
szn Wnelulefazgndalifivsunsanandudandiminfiudomiwoninalszaia 8:1 - 10:1
AU 14 - 18 AlansusegnuiAnwuiuns Inglutuneunissnil dulefuasduladensgzUnaiin

anguinfounTugmumiaAudae Ul

LU Y 9

a A A ! v « 9 = & ] aa a é{'
N1332LUM  KRIBLIYNIT WHIE XU ‘ZI\‘iLUU‘UUG\@‘U‘VI&Jﬂ’ﬁQ@iSLU@i‘LJﬂiSU@ﬂEjU bN®

(% L3

wUaandanuauseuildainnisgnssidnvesdiunauiomasuareneangndadundsnuaat 3
wanslugUvenisiafiouiivesgngulaznI IV uvaLnalaIga MisuseiusyuUdeinge lnansal

oA URTInULTY neufignguazindeufidudsiundsaudaisuwdnies Wafleuazya

[ o

Usengliielviianisinnlugdlefngndn vilvuiavergdiuaznisyaszidn Aanuduussun

Y

40 - 600 AlansusiegnUIANEUALAT gMIINNTRT A TUTIDg MU sEU0) 400 - 600 B9F7

= o A a X a & o g v = a o v ay vy ] o v a
LYY LLiQﬂu‘VlLﬂ@squﬂ']ﬂﬂ']iigLU@UQﬁWWIﬂQﬂQULﬂ@@UWﬁQ ﬂ']aQVl'lﬂiﬂgaﬂN’]U‘IUEJQLW'Q']GU@LVF'JUQ
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v % a v & al' Y] Y I3 Y] ¢ !
']GLVLWEY]GU@LW']EN‘WH‘UiE]‘U@'J WUNSIUAUNEIUANUTBULUUNE I U IAY ﬂ']i"q@lﬂﬁgﬂ']ﬂlﬂ/\lﬂ@u

udmeuy Weliinnswnludifuniigudameauy

e

nsae  Wutunsunismevievdeslaideiiinninnisanssidneenainnssuengu
lavgnidetaznaliauledeiln neufignguavinfounfeiiunuasiian vsaiendndiwnis
“gudnneany (BDC, Bottom Dead Center)” aniiugnguazwanauledelioenluasgagings i
= 1% ° ) - o v ) Y = a1 =
wigunSoudmsudunaunisganseussyleditisely nenaly auleideazgnilaneuiignauas

a' e ¢ ! & v A = v )~ a a
Lﬂa@u‘ﬂﬂﬂ@ugmqﬁaqﬂl’aﬂuaﬁ LW@Im@Laﬁaquqiﬂgﬂﬂq’ﬂ@aﬂ‘ﬂ']ﬂﬂi%‘U@ﬂQ'UlmLﬁ?LLﬁ%@JUigaWﬁﬂq‘W

lunsvauvsuaIassudrdaddve Ty 1 193n5ve9n15MIU 1ATBIUUATENY

Ve 2 50U Fdluusaztunauges anguveeseseuivzindeuivyuluyy 180 e saudunis

VYU 2 58UADTNINTNITVINNU FINN5199 2-5

AN 2-5 TUMDUNITVNIUVDIATDILUAFIINNE

Fumaunsviney
Fawazi 1 Janazil 2 Janazil 3 Javazi 4
N1591191UVBY :é? — ' —), W
At | BB
i Pt & 5 A
;.‘-,ﬁ . k‘“'ﬁ- @n)
n13NA n1390 n135eLn n13A"Y
maedeudives | gnauindoufias | gnauiedeuditu | mendmiswn | anauiedouiu
ang iWegaermadn | ifledneina sulngnau | iilesiulowds nds
inlunszuengu | melunszuengu | wdeudlawng | mswnlunsilsiesn
Ifluseiuaau | usessde vild | 9nnssuengy
Ansgasada | Aansuioses
andolnies ¥
TiaTeaeusivsu
Aulod U Un Un Un
Aulede Un Un Un \Un
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TurueaTassudrinaadfaras iy LAt udvenywiies 1 saudeiging (euwi

fuszazyulun1svyuvetnal 360 a4e) FauinannnisimunIeseudllulsias Tuney anaumnyuy

Duga 90 oem dauanslugui 2-5 msinuesessudiviingosdmg agldauwiu (Reed valve) Tu

nsUn-Unvedloflusiumisinuinwedgnay uaslinsindeuiivesgnguiiedn-Unliledulvasen

MNNITUBNGU AILENITIUaZLDEAlUAISIN 2-6

A552LUM

N13AY

L

R

JUN 2-5 Tpdnsnisvinuveaseseudvilinassdamy

AN 2-6 TUADUNITVIUVDULATDILUAADINIMY

FUABUNITINUY
Janeh 1 N 2
wuinlunszuangu
N30 n13321Un N13A1Y
nszvanguln | ledignunlull | nszuenguldla | Yesussyledin
Uhaumilegnay Hodlof wiauenema dodloidelile | wiveduleidenang
wazdaslolde \deoan 98N
auledidaiine auledUn RTHIEN RTINS
Usnadlegngu AnlemiLdn lefgndn ERFGTERRI R
Tudnanslna
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2.4.2 WauvaoauvesutuAIag
Naunaeduaunsawtsoanlidu 3 wuu Ae wuu Full Film wuu Elastohydrodynamic

LazbUU Boundary Layer Film

2.4.2.1 wuy Full Film
Hudnunzvesiidulugauafiveamsndedu nannfle Fuduiiinsedousiazliiions
”uﬁaﬁ’u%umuﬁagjﬁ'uﬁl,asﬂuv;ﬂmai Lﬁaamﬂﬁ%gu?\léméa?‘iuLm5ﬂ§hagjizijﬁuﬂaﬁ'uﬁaizwm
¥1im A® Hydrodynamic Full Film wag Hydrostatic Full Film

FuduvEed wusld 2 vl
LOAD LOAD LOAD
VN
A=) \'.
-~ — R
N\ ,"‘,"‘
/ ‘ »: oA <o R— RUNNING
hyd?odynamic B
pressure in film PRESSURE DISTRIBUTION
dl L U LX) a6 901 U . . (10)
UM 2-20 anwzn1INORITINaLUINULUY Hydrodynamic Full Film
load
/_.:¢
shaft
P RS N
\ ]
buring/
// ;
from oil supply
10)

dl v ! U a6 goj U/ . . (
UM 2-21 an¥ugn1INERITINEANUINULUY Hydrostatic Full Film

99 G - http://www.brighthubengineering.com/

s ¥ Y ] a
audaluladlavzuay Tanunwd

2-27



NFURALINT I TUVALNULAL DTN ENAINY NTENTHNANY Teuatuauysol

o
o o

lasansAnuuazvaaeunsldioinds £85 Tusadnseusudssuuidandsinasgunsaliaiyu FFV Conversion Kit

s A

nnsnedvesiiauvaeiuluy Hydrodynamic Full Film agildnuaizdsgui 2-20 Haui

HW59AUNBATUIINAITARDUAIVDIAIULARDUNNINAITNABAUNIU IUTENINEIURRDUN LA

a a

dauediun Bufinanudilunmsindeuss Mdudavesdiunindounissgnusenuvesilauiniuendy

Y
wuneeNaNHIVesdagiun Tuvuen nsnedivesilauuiduluy Hydrostatic Full Film q#d

1% '
1 v = LY I

dnwaizaguil 2-21 Tnefidunafiuanusaduannisuenidulsihifuaiowsn uazsossutmind
nald dnsundedufigniudoussiuiinewsns awusnfnuuisoenaindu

namlasaguiio dnwarnisiesvesiiduisaouy fndudafindoufiazgnoniauas
aaaasﬂié"wl,mﬁuma«fﬂﬁu Tnewuy Hydrodynamic Full Film asidunisiinussdusenisideud

Yo UAIUTLAREUN d@1ulUU Hydrostatic Full Film agendeusenuiduilaannduniauen
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2.4.2.3 WUV Boundary Layer Film

anwagHauwuu Boundary Layer Film agiindulnsnisdsinguinsaadnliunsne

senIiveuduaasluduIuInamNIENIEIVYngegavesiadulaveudunsdeinnis

(% 1

weNA R8T ULATNINUY dnwazyasidukuuiiinannstrusuiaduesestaensa liifisawe

waglvlssnannediuaLaNnTavenidiunaeaulunTas I TUNEUMNYLIAAINGIVRIRAFIHAVEN

Y 1

RAURASEIINITUEIUTIE DY

LOW SPEED / HIGH LOADS
FORCE SURFACES TOGETHER

i

LUBRICANT
FILM

=

Lubricant film is too thin to provide total
surface separation. Contact between surface
asperities (microscopic hills and valleys) occurs.,
Friction reduction and wear protection is then
provided only by chemical additives

JUN 2-23 dnvaignisnemvestuilduvaeiuiuy Boundary

2.4.3  USTNNVDIUNLULATRIEINSUSAINTITULUR

Pfuesasdnsusadnseueusatunsanueenlaldu 2 Ussan Ae dnsfuesesdmsu
SRTINTEIULUA 2 99772 Az TUATBIAINSTUTOINTIIUEUA 4 T9U7E 1AYAINITAILUNAIY
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AsEUINNSHAMUNT RSN oY 3 Usennassaluiife dnduiasesrinunduws Unduiasessin
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Wshuitugnu (Base Oil) + mnﬁm@mmw (Additives) = 1h5uATas (Engine Oil)
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2.4.3.1 WmUNUgIU (Base Oil)
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M1397 2-8 fRg1ENSIINAMAINT AT

ASLNNAMAIN wii
(1) @15vza1avdn MANUALDIAN1ETULATRIEUR tABNISTEAN9AIENUSN
(Detergents) ATIUAZNOU LU DONAINTUAIUVOIATOIBUA

2)

ANSarany-gauLin

(Dispersants)
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(3)

anstveenunisiansau

(Anti-Corrosives Agents)

Joatun1sinnsauvaInsanIusiu AR5 lusves

MuzdundeglulnuaLndg

Y

(4)

anstesiulfiseneandiadu
(Anti-Oxidants)

daanululddrnusaninidusrandernsedulaau

LHIDLATDILUAS DU

(5)

a15U99NUNNSEANNTD

(Anti-Wear Agents)
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ANNY LBTUEIUVINNSVADAUT IV

(6)

A13TUUIINAZA

(Extreme Pressure)

WALl UNaNYTY hastiuAua1unsalunis

SuN1sEUIuLN

(M

anstUaenuaiy

(Rust Inhibitor)

Yoarfuaiuuastudiunneg NuananuaniuaaeNiasoaeus

Tailevingnu visevaziAusnwiesanisidausald

(8)

ansUaanunisianes

(Form Inhibitor)

Josnulaliiniuianaaluvazlvau

9)

asuTuleAndvtiauvin

(Viscosity Index Improver)

(% A 4 d' a
Snwanunilalinsiadeusilugumaiigs

(10) @ sNvintAminNsIusfuLngu

(Emulsifier)

relnisaudnuintule tislivasualraiuisavinntin

A 1o !l‘: 1 a & a
naeaulalaglivinlidudiuveanieseunidsms

(11) ansanyalnamvesiigiy

(Pour Point Dispersant)

Prglihduiyalnamgungiiaaduningudn Tdnauiu

wduesesnldluuinaigamnginun Tilinduudagy
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(12) @vanLsudunnNIY

(Friction Modifier)
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(13) anselinieing

(Tackiness Agent)
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2.4.33 nssmunUszantngiua3as (Engine Oil)
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(2 5ﬂﬁuLﬂ§awﬁmﬁaé’ammzﬁ (Semi-Synthetic Engine Oil)
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Honda Wave ju 125i Honda Wave 3u 110i Honda Click Ju 110

v ¥
L% IS a

JUN 4-18 sadnseueudnltinduigeinds £10 Mdrsiulasanis

JUN 4-19 USaARTINTEMEUATUI I Inendesssumans (55dn)

nsiudedinduinIesiiediluimsisiluiesufjifinisidu vildlaenisldduiie

v
< o w d'

¥iane WNUUINULATEI9INTOINTUBUAYBIDIE@ATATANNTEEEAN1YUA ASIaEUTEUIM 100

Y
& a aa a ° a 8 o A a v a A o =
anuIAfuAAs (38) (U 4-20) wagvinisiandiduinseaiisndrluluuSuaiviiiy ganis

a ¢ = a %% ) 4' =
'3Lﬂﬁqﬁwma‘UgLﬂiﬂUW]EJ‘UI@EJI‘U‘UE]@QJJaﬂJ@ﬂu’]@JUL?’ﬁENGL‘VINL‘Uuwucﬁqu
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a -3 1 Y A
EU‘VI 4-20 N1FNUAIBYNUINUNABAUINNTONAADU

dmsusndnseusudiilaiunisiaken FFV Conversion Kit uagldiinduidieinas £85
Iivhnafuiegauasfudifueiesfiunnszey 2,000 AlawnslaeUszana uazshnismadey
sawflonduszasinat 7 fou sauduszesnsiivhnismeaeuimuauszanu 8,000 Alawns wdads
yhmascethifuededluiioe

Turaue nslvaIsaNTLIUEUATN MU TULIBWEAY E10 F91anadmsnsanusieusenau

= [

ITNINTHIUIUATUD19TU B1a1a8A5L1v0950baLngulAsan1snnelddeulvidearinnisane

1%
o w

dl' 1 Q’.Jl d‘ a 4! ¥ U a o d‘ o U 1 ! :5 ¥
Unsiumseslndvuafsyey 4,000 Alalums IFADAAABINUNAIATNUITNINYITOVDIAUBYLNIUU 1Y

N = o < v ! a ) d' a a
AU WNIN1INAEBU IﬂEJLﬂ‘UWl’eJEJ'NLLﬁ%LG]JJU']&JULF]’i@\?LWNV!ﬂ?%EJS 500 Alawnslaeuszune uay

9

©

grethduaseseanruaiseey 4,000 Alawns wavitn1sneaeugidnasanila syudussaeniaianun

8,000 AlaLung

432  ANTIATITHNANITNATOUATUAMUNUNIU

4321 @ATNNNSENNIIVDUASDIBUS (Wear Condition)

[

n15anuse nuedensaqdsiaguioioansiuiunisesnluainiuinglaeiila
f09N13 danngueInisanuselivatedsenis nsdnuseniinluiteornfnanraieanuegsiuiu tng

anunsauUsinuaznsAnusenuavg iy 4 Yssinn fie

al

®  N15ANUTALUU Adhesive LiRINMSTRIlavsdundiY waguRINvTUTe
fanwuzivilaugenunaulasunisidenduasnszunnlywandin dealviiiausadeaniuganing

ponuuuld nsldunTunasauasdisannsanuseUssinnidsmensadteiainduiiouiee) sewinaiiuiin
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(%
A a v YV

99T UAIUNARaUNTTaRARIA8iU Wun TanLswdsanIuialRTuduAdouRvinula g1l
Usgdngnmdneae nsdnusedsziniliiniinainnisindouiiuarngauuusimsivesiantduda

1%
o

Whiasindu visernuldanysalvesiduinduiiuensenauingiaesdudaniy

o =

- -

I Aa s

NDUNNAUY

o - L)
UM 4-21 msanusauuy Adhesive

= . a = a1 Y Y

®  N15ENYWTALUU Abrasive inNMSIEEnFeE19TULTVRLINGARUY (Two

body abrasive wear) #sansiindvudiureaudavuindnisiudnluluuSnaindula (Three body
. a Y a @ ° 1 Qy 1 [ [ Qy 1

abrasive wear) kagA3alalUuuianinfe1939sdAULTWININTUAINVEILTWUIEN TneTudIu
voudsflanunsadudwdanyasuainaieueniaduia vsemwiuaninunainnisdnvsetiues Tu
nsfineunavaswdedivuaivgninmnumnvesiidutiiu wazdinnuwlaninfandduda sxviliie
N5ANUIBLUY Abrasive Tu mslduniunasduazdisvzdnseuniavesudsiiiludunsenaianiil

[ = v ¢ oA T P & v
sanll Wunsannsdnuseliwngunsalvesssuunasiu 1wy Jauasldnses Wusu
Two body abrasive wear Three body abrasive wear
-— - -

(15)

U 4-22 M3ENNTBLUU Abrasive

® n1sdnnsau (Corrosive)  nunelle N3Lilea1IQna1IBWUIAANTEUYN

¥ 1
a = o

UANSenall 1wy 371neInA nansiinduaindiduvaeiuiidauaninainiisereendiady

oY

v
L% IS a

naeidunsa wieanlensafugduanihdudemaildunluduardug Fehduraedudisannis

(3 A a ¥

dnnseulaaesds fe nisasredndutuiiduedeviontlesiuldliinuiiseeentndu uasnisi

15
P31 : www.substech.com
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1%
¥ o

Unifundedudiunauves Additve  vioansiaiiflvgyiviifingadateidwinufasordvarsiidu
Supsetiuneufianiinnisdnnsou

e aueenuudn (Fatigue Wear) 1inannnsiintaggnusanszsingng
wazsoiiostudunannu auinnsdwenioansiu enmsinuresmnudsnowuudae 3138508
wanuundniindulnedundu dmsunisdnusedssiand Seldanunsaidnlaininsunaeauildy
droanvidetlosiuld egralsAniy ndnnisvenidunasdulunisanusadeaniunaznsanuse 1oy

fugudAydmiuniseeniuy Madentd Wvuneaudunisldauaiwenidundedu

Tangential cycling load Normal cycling load

= = v . (16)
UM 4-23 AaruLdeeluuan (Fatigue Wear)

wenani lumangudanunsauslssinnuesnisanusenuvuiaveseunalaylany

ponladun1sanusanuuund (Normal Wear) hazn1sanusawuuiaund (Abnormal Wear) 9148 115

¥
= = o

dnnseuuuUn® (FUN 4-24) nunefansdnvseiintuainnsvinnuesaIeseudnIeLAIeddng il

v 1% (%

¥
=< U

Fuyasounaaylanziiaduaund aeldnsiiadurestuilauvesidundedu lagvlueaynia

LA ANEYDINITANNTOLUVUNR F=Tvu1nazlden (Fine Wear) vsatlvunaannid 5 luasau

U7l 4-24 nmsEnuseuuuUn@ (Normal Wear)

(16)
P31 : www.substech.com
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nsanuseLUURAUNG (JUM 4-25) lAnTulaainuaieave wu lunsdliaTeseudvse
wsesnsuinsegmserusiganiilisuniseenwuul Tunsaindingdevu salutiansdln

Y oA A = N 4 0o 8 v a A a v
NWNUWaaaULﬂ@NﬂmﬂWW GUQELUﬂiﬂJWN‘] U ﬁ]%‘ﬂqiﬂmﬂau'ﬂqﬂLﬂﬂiaﬁ%ﬂllsﬂuqﬂ&lﬂﬂﬂ@ ﬂjuiﬂiylLLafJ"i]Z
WUIMIBUAIRTUIRnaZI B aLazawIANe UUUuTNiY Tnelivsunameseynarslansd@nnsauunn
< a P . a A % Y aa
LNUIvUIRNaTLReR  (Fine Wear) 1UsuUUN i'lllL‘U']@'JEJﬂUﬂ‘U@‘Léﬂ']ﬂLﬂ@IaWSWNﬂJuq@MHW‘U

(Coarse Wear) #39911al1gn1 5 lupsou

SUTl 4-25 msdnvseuuuiiaun@ (Abnormal Wear)

lumsienegianmnsinnsevestudunelueiowudsodnseueudlulasing 16
Adun1sien1snsaialiinaeuniasglansdiuau 11 aila loun s1awén (ron) sglasilley
(Chromium) 519Az (Lead) 51mesund (Copper) s1fyn (Tin) swmexaiiiiey (Aluminum) 519
finiAa (Nickel) 5193u  (Silver) 519lududtd (Molybdenum) sglminiiles (Titanium) buuwwin
puAAETU (Tunsaust 5 lunseuduly) uasruneyniranden (wuiadnnii 5 luasou) Tngldns
nauna LIS uaziAsealioiddneiu faguil 4-26 1Sunin “Double Wear Check™” aiflunisnsia
AaszveunnAvlanenleisnisaiualasiwesuuuiitay lagld3s RFS  Coarse  Wear
Spectrometric Analysis (RFS 8811310 Rotrode Filter Spectroscopy) Aan1sly RFS Spectrometer
Tunmsnsataviumududureseyniasiglavgauinoynianetu (fus 5 8 100 luasew) way
7% RDE Spectrometric Analysis (RDE &93197n Rotating Disk Electrode) Aon15ld RDE - Atomic
Emission  Spectrometer 1uﬂ’13m‘3’3€1’3’ﬂﬂ%mmaumﬂﬁ’lﬁiawzﬁumﬂawmﬂazlﬁEJﬂ (1dnnIn

5 luaseu) duhedu ppm
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Wear Particles

Wear Particles Size (Micron)

: 10 100 1,000
Test Methods

< 3 micron

AAS /AES-ICP

AES-RDE

JUN 4-26 FMsuaziaIesilonsialinsgiounialaneMingauiuruIneunIasige

< 8 micron

4322 audRvesitsiuaias (Oil Condition)

& A

N1395RaeuIATeiautivesiiunies ingussasaioussiliuenenisldauuasy
a

ANUAINN50VDIUT UL AT Rl UNN SV N AYasduLas UaeduAnudere e luTuEIu 99zl

UsyAnsnimanasnnsdesanmussiiuiedos é’mﬁaammnmmaﬁwialﬂﬁ
o msdeuanimilewnarudou (Thermal degradation)
® nsidundsyninaiaglan (Reaction with sliding surfaces)
o msiinUfiseneendindu (Oxidation)
o Fsanusnanniswnluveanieseus (Contamination by engine blow-by)

® MILFDUANINVDIANTLANLAS (Additive depletion)

1
¥

Y a4 a4 aa o v X N Y J o, =
UTHULATDINLABUANITUANANVUIU ﬂ?quwu@maﬂuqmu%agﬂqﬂfﬂmLUUﬂiﬁf‘USiﬂﬂﬂJu@Uﬂ

Feannsafarsanndenaninyesiduinisalaainainigg aeluil

® @1 Viscosity Index n193ndeds ASTM D-445 Inevinly Arpnnunilnd

Wasuasludygranseuliiinisasiaaevaudoudenaiaundauly Fearnunsgrufinivun

nsainAtveInunidaasuly 10% 99 15% anaA1sudu TuiazuinTunsetssasiniy 9970

(%
o

P1TULATBAANSEOUANINIUADIVINNSIUABUANE
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o dnlwasdu (Nitration) ay19¥adeds FTIR Taerlu mawnlnsivesiiy
Fowdslufeunlviaglieufougs vhliAnuffseeentindunarlumsiu lnadlofnUfase,
Tuimsdu (nitration) lwuduiuFAserdunsalusiniduduiifeu aglilulasiuudu (nitrobenzene)
Hurdafosidedealianleau wazilanuniadiutu audflunsdunsiauffselussiy Sady
nildludsiiaudiveniiiuniowod lunmsnmatavsinuailunsdu feisdunsuseanlasalad
v50 FTIR (6011910 Fourier Transform InfraRed Spectroscopy) @ufunilslumafiafiduszansan
Tun1s3uunUssnnuedansdunie a1setunid wasiuseaiiluluana sudsaunsavenislsunu

spusnaunegluluanavesasnandisgeilingivelia Falindnnisinuainaudfinisganiu

(0]

Feddursnsnvesermeululuianavesarsusznouiuanaeiu wazinnisiugatuaniuves

a15Usznaundensiiniualaniug1eds IR/FTIR Neaumgianiteumgiaudeseauysal aznou

nnsluluanavziinisduegnasniial ieaudveansaudawiiuanudvesssd@dunst sanany

a1

wdduiana luanafssgandusad S1uiuwaunisgandunisuandunalassdanluiwindunisdu

a1

yagruvedluananmun lagazdatanas Matimsizazdunaaundanunlidiinisneuausdondeny

Tutrea59@dunsse

®  Aandadu (Oxidation) n3793ARIE5 FTIR wWuiganuufazenlunsdu

va a o [

auiRvesnisirunisiinufnsersendinduiudnuisauidndniuvesiiduinios UfATen

[ ' ¥
= = A

2aNTLATUVDIUITULATON ARTUIINATTNFITBUITUNUg WYY YA e Ausendiaulueinialy

v v '
= 1

FENINNTLBU %ﬂ%ﬁ'qmaiﬁmmmLﬁummqwu ANANUNUAVDIUNLANTY wazUSU1unENaUR

aaa

Liavangluansazarvaadu nsniiinujiselulesdudnazliiludunsienstudiuniesinina

wedadianuiduduniiey mnnsiinufisevesaudmaliainnulunsaganeiiazisuinansoudn
s ] a < A < Y ' aaa 1 Y w o a Y a aaa
Fudrulanzawindunsaindes lavgagdudiseaiserseninaihduiveandiau iinujisen
sandntutestu vnlmhdudenaniwasegesinsiu nadungneusamilennsinmnuniuau
YaaulunIeseud danalminn1sanfuoInIsAuYeiIfiu ¥1AN1TNEoAULALIATLUMAANTS
dnnseluiign

o aAwmnudunsa TAN (Total Acid Number) n579¥nse35 ASTM D-974
Aranudunsaninesnunduniieiiadniunis KOH sansuundy Iaelddigodn “mgKOH/g”

wWueriuiuaianuluing uanstslSinameansaaueifegluiiiiunaeiiu gauszasdveinsin

A & v o a ! =

AANUTUNTAlULTUNERAUAD ARIN1THTITAUSLIAINIALAYSENIADOU FI01aANToUlanzyinly

v &
ISP

a = a o o & Ly aa aa I3 v | a

AnAdse Tneund uisiuiiugnu (Base  Oil) NilamnmiiRaziiA1audunsadosuinlaiiv
0.05 §14 0.10 mgKOH/g  uagmuuInsgIu ASTM tnffuipsesfinnisdaaudunsalaiiiy 0.20 f
0.32 mgkOH/g lunsdiiiunirfuansinifiudeununimuay asialignidvualduaziifiusiuiu

pandlauunniiuly srArvesnudunsaiis 0.4 mgkOH/g Aeauasuiduln
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e  ayuluss TBN (Total Base Number) 1uannsgiu ASTM fnsuualiien
1097210 TUAS TBN A2583N91 3.2 mgKOH/g lunsdliianiniuansinuisiudiuwilidunasiiainig

ady

Junsngs lunsdidrrvesmnudunsdiddiingy 0.2 mgkOH/s azseuldeuiniul

4323 dwuideuluthiiueias (Contamination)
?iaaﬂﬂiﬂUuLﬁaﬂuﬁ"j’]ﬁuLﬂ%aﬁmaﬁwﬁzggiaﬂw?m%mwmméaﬁu i s (Soot) 1
(Waten) thifundawnds (Fuel) Tnarea (Glycol) saulufsmuarduazessiiovuiianusonsiotnld
MnAUSInaeynIaganeu (Siicon) WWusy tnelulasamsiinsnmatadsuudousieg fasenis
solud
e  Uluauwsii (Soot Content) L3 %30 “Soot”\AnTuatnnisnlviives

¢ A Y

dy a al I ) Y Ao 1 =] = 1 1 U
L“UE]LW@\leLﬂJﬁinﬁm llﬂ@'m/ﬁ@Lﬁ@%@ﬂ?ﬂﬂﬂﬁl%ﬂ\lﬂﬁmu%ﬂ@ ImaLﬁuzmmmm’mimaQaﬂ‘mmmwmu Qb4

¥
A a

iMguazaraufisguuiuRaniUisunuiou Weosundugamngilewde gl dewalinig

= b4 g o Y Qy I d,{ ¥ -dy Y o a Y
goydennuounnniu wagyilidnsnisduddesgaunulume lulassnisilladidunisnsaia
Usmnanaanduduraunannisunludiildanysaliiedsnig FTIR Inefmvualidafinsudafeuded
A1geNI1 0.25%wt wagdasinnsasumeudunIaadiedAaindt 0.5%wt

*  USunweyniaanau (Silicon Content) Fanaudusinidlany Niidnuae

% = o =Y = v v & N a VY =
Jundnd@mduduii Slassasiademnes Wusanilusssuynfunndududuaesesnineendiay
AoUssinnusavar 25.67 lneuda Wnemilusm@aneulinulusudase wilnasnuluusaienduasning
lusUrvesdmaulaenlednisondn@ani (Sio,) lunsalimuluemaazegluguvesduazessanau lu
nsnTvinaUTnaeunadinedlutduaiesiy fyaUszasdaieinUSunar uazossivuilauey
Tuhfuesesdudunalimhdueiedidmanunilagu sauaunsadenaninluludian

o  USunuun (Water Content)  Tulasenisilasniiunisnsiainusuiain

b4

MgIeN15 FTIR lngimualnilAdnisudufowilelengnia 0.15%wt  uazAsuinnsiudeunng

(%
o w

ushuaTeuiledA1gindn 0.20%wt
o  USuauawde (Fuel Content) Tulasanisilasidunisnsiainusuna
WamdsUulaululniurasausieisnis SAW (8911310 Surface Acoustic Wave) Tagiinualiden

finnsudaseuiilefiAngandt 3%wt uazsewimsiisudisiniueioudediAigenii 5%wt
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4.3.3  WANIFIATIZHNANISNAGOUA819U1ULATOIAINNT LTINS

TuNFIAIIZARANISNAADUA9819UNTULATDIINATITINUITIVDITOINTUIUBURA (519

Megalugun 4-27) MUSnwrladuiiun1siansauSeuisumien13uasadInse e UAT UG U

] [y

Thdudewmas E10 wag E85 lnauduainyiinsinsigvinaainaninlaniee Wuameuiu lng

Y

£
P

Tavimsiesgsuulldunsiuasunuasueeainnge aessesneiilinagey delanasnaludl

Honda Wave 125i Honda Wave 110i Honda Click
— .
E85 E10 E85 E10 E85 E10

JUN 4-27 degadiuaseainsadnseueudlulasinisudennldam 2,000 Alawns

4.3.3.1 ANINNISANVTIVDILATDIBUA

INTBLAHANITIATIBNANINNTANYTBVBUATOIEUAINUTUINBUNIATINLANEATNY

~ o o

WU 519N warsmergiiflen dnswisundasedafiteddgaunsodnszilinadisil

U3nnaaynIamanuLuuey
a ¢ = = % = & v A
PNNMTIATIERUTsuiguUSeun1esawan aduianiidudiudsenaulung

v
L4 U

HanTudIunslueTesaud 919 MaInsegnlu lnenan1sineiouniauuuneulumiainnis

dnnseuuuiinUnfnnnistduniiugemdsisaosila fefiuandlugui 4-28 Saguit 4-30 Jadunaves
50INTWBUANIENTUNUTY Nansenulindusadnseueududassulanuwandeaiy lagdmsu
s0dnseIUUATY Honda Wave 1251 Mildiwainadarivansyila Nluseaenie 1,100 s 1,300 Alawns
wsnlagUszana insranuaUsunaeunawanuuune Ul Ussuna 20 ppm  uiiisseenIeeiang
3,800 Alawmsiduduly nuihsnaeunaminuuureiuainnsidinduidewnds E85 ainimwaain
nslgusudownds E10 Tagdalauszunal 75 ppm waz 50 ppm Aua1au wagdiluldaiiniu
= = v IR 0 ) Y 61 LA v o

13989 Feanunsaazianndeyaiiladn dmsusadnserueusisu Honda Wave 1251 Al13iun15nagey

fimsdnuseanmsiduniuiemas £85 gendinisldunduiemas E10
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100

Honda Wave 125i

90

WEL0

80
70

O E85

60
50

40
30

20

YSunaeunamanuuuneu (ppm)

o O

T T T T T T
1,000 2,000 3,000 4,000 5,000 6,000
szgzmanldihiueios Rlawms)

7,000

sUN
U

93970450 9n38ULUATY Honda Wave 125

4-28 nsi3euiisulunaeunaumdniuueu (ppm) Tuddueiesainnisneaeunisidanu

Tunensaiudiy nan1395393nNleaINT03nTeWeUATY Honda Wave 1101 N1l

Woimdawisaeswla (5UT 4-29) nuaduysniuazwuilingen1siuduyesUsunueun1AmanLuy

neguINNISINnugeInds £10 Migsndinmslduniuieinds £85 agrednlaunsuiiseaznie 2,000

Alansvuly Imaﬁﬂ'wagj‘ﬁ' 300 ppm wazdianfindudu 378 ppm war 430 ppm fiszeene 3,000

wae 4,000

Alalnsauaiau Zeanunsaasuaindeyaiiladn eraian1sdnusenuuiauniiu

Y & o d ygo’ £y d’lj a a ‘g SJ‘:I': ] | 4‘ ¢ al
s09nsEUYUAAUNITUTWARINGS ELO Iﬂﬂﬁ']ll"liﬂLﬂ@‘?JUlWVI“UUﬂ'JUQﬂUULL@%L‘INa’m'W'EJEL‘L!LﬂiENEJ‘L!GW]

a &

nAnaNTan A dunan

9

Honda Wave 110i

450
400

350
300

250

200

150

YSnaseuniamanuuunenu (ppm)

100

50

szagmenldundueios (Alawns)

m
m I3
] [}
= @ E85
®
)
=
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000

U

93970430938 1ULUATY Honda Wave 110i

4-29 mmﬂ%amﬁauﬂ’%mmaymﬂmﬁmmwmu (ppm) TutITULATO9INATNAFRUNITLTIY
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=

dmTuNan13nTI9InNlanTadnseueudTy Honda Click (U

U

4-30) Faduguil
= i v e o 5 a  a o = ¢ ) 44' ° A 2
33‘U‘ULﬂﬂﬂmlm?ﬁu’]&luLﬂﬁ@ﬂ%u@L@ﬂ?ﬂ‘ULﬂi@ﬂﬂu@] LLaguqﬂJuLﬂiaﬂﬂ3W7ﬂqiﬁa@aULﬂwqgsﬁua'§uﬁLu

(% '
12 1 U =1

wesudviniiy ofls lunsdlvessadnseiusudiiu Honda Wave fisaosiuiiinuan thifuiedosasih
wiiivaoduluiaessud szuuifiuazaded danalfiinauuandiavesludinaninyes
ihifuiaies 1EATIINUABYNAENKUUNETUYB330TY Honda Click aaesduiiioadniios dad
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E10

Honda Wave 110i

I

II

III (Repeat I)

IV (Repeat II)

V (Repeat III)

VI (Repeat 1V)

Bottle ID Baseline 1025089 1024934 1024828 1024974 1025064 1025004
Date Sampled 07/03/2014 14/03/2014 21/03/2014 28/03/2014 01/04/2014 04/04/2014
Oil Hours (km) 3030.5 3993.1 459.2 1555.2 2247.9 2761.4
Unite Hours (km) 5527.4 6490 7775 8871 9563.7 10077.2
Remarks : _ Warning

Caution K hom o e === e

Normal

|Test Methodl Result Unit Fine Wear | Coarse Wear Fine Wear | Coarse Wear Fine Wear | Coarse Wear Fine Wear | Coarse Wear Fine Wear | Coarse Wear Fine Wear | Coarse Wear

Wear Condition
Iron D-6595 PPM 0.0
Chromium D-6595 PPM 0.0 . . . . . . . .
Lead D-6595 PPM 0.0 0.0 0.0 0.0 2.3 0.0 0.1 0.0 2.1
Copper D-6595 PPM 0.0 10.5 0.4 14.4 0.7 16.4 17.0 0.7
Tin D-6595 PPM 0.0 0.0 1.5 0.0 0.3 00 [ o000 | 0.0 0.0
Aluminium D-6595 PPM 0.0 3.4 2.2 5.6 0.6 6.3 7.3 0.0
Nickel D-6595 PPM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Silver D-6595 PPM 0.0 . . . . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
Molybdenum D-6595 PPM 76.0 71.2 1.0 71.6 9.1 79.8 1.9 75.0 4.8 74.5 19.0 76.8 0.7
Titanium D-6595 PPM 0.0 2.5 0.3 1.8 0.0 0.6 0.0 0.7 0.3 0.5 1.9 0.6 0.0
Oil Condition
Viscosity @ 40 °C D-445 cSt
Viscosity @ 100 °C| D-445 cSt 13.6
Oxidation FTIR Abs 86.4 100.5 97.7 89.3 93.8 90.8 88.9
Nitration FTIR Abs 4.7 7.3 7.1 5.2 6.2 6 6
TAN D-974 mg KOH/g
TBN D-4739 mg KOH/g 6.4 6.3 6.1 6.6 6.5 6.7 6.7
Contamination
Water FTIR %wt 0.084 0.107 0.105 0.105 0.091 0.099 0.095
Fuel SAW %wt 1.42 0.92 0.23 1.08 1.40 1.67
Glycol FTIR Abs. 0 0 0 0 0 0
Soot FTIR %wt
Vanadium D-6595 PPM 0 0 0 0 0 0 0
Sodium D-6595 PPM 4 10 9 5 5 6 6
Silicon D-6595 PPM 9 17.3 4.5 14.3 3.2 8 2.2 7.6 2.4 8.3 5.8 8.1 3.3
Additive Element
Boron D-6595 PPM 200 153 152 189 174 160 160
Magnesium D-6595 PPM 18 22 19 16 15 15 16
Calcium D-6595 PPM 1754 2171 2046 1980 1895 1873 1939
Barium D-6595 PPM 0 16 12 1 2 2 2
Phosphorus D-6595 PPM 867 764 773 783 763 722 733
Zinc D-6595 PPM 849 1150 46 1140 201 997 69 948 79 917 254 940 44
Additional Test
Flash Point D-3828 °C
Viscosity Index D-2270




E10

Honda Wave 125i

I

II

III (Repeat 1)

IV (Repeat II)

Bottle ID Baseline 1025123 1025094 1025027 1025052
Date Sampled 08/03/2014 14/03/2014 28/03/2014 04/04/2014
Oil Hours (km) 3020 4036.8 1171.6 1735.9
Unite Hours (km) 36751.6 37768.4 38940 39504.3
Remarks : _ Warning

Caution .

Normal

[Test Method| Result Unit Fine Wear | Coarse Wear | Fine Wear | Coarse Wear | Fine Wear | Coarse Wear | Fine Wear | Coarse Wear

Wear Condition
Iron D-6505 [ PPM 0.0
Chromium D-6595 PPM 0.0 0.8 0.0 0.7 0.0 0.3 0.0 0.4 0.0
Lead D-6595 PPM 0.0 0.5 0.0 0.6 0.5 0.4 1.8 0.0 0.0
Copper D-6595 PPM 0.0 15.1 0.8 12.7 0.7 1.9 0.1 2.3 0.2
Tin D-6595 PPM 0.0 0.0 0.5 0.0 0.8 0.0 0.0 0.0
Aluminium D-6595 PPM 0.0 18.1 3.4
Nickel D-6595 PPM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Silver D-6595 PPM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Molybdenum D-6595 PPM 76.0 72.4 0.4 74.1 0.5 79.3 4.0 78.2 4.4
Titanium D-6595 PPM 0.0 1.2 0.0 1.0 0.0 0.6 0.0 0.5 0.7
Oil Condition
Viscosity @ 40 °C D-445 cSt
Viscosity @ 100 °C| D-445 cSt 13.6
Oxidation FTIR Abs 86.4 86.2 89.1 90.8 87.2
Nitration FTIR Abs 4.7 7.2 7.3 5.7 5.7
TAN D-974 | mg KOH/g
TBN D-4739 mg KOH/g 6.4 5.5 5.9 6.6 6.7
Contamination
Water FTIR O%owt 0.084 0.089 0.095 0.080 0.092
Fuel SAW %wt 2.13 0.90 1.12 1.33
Glycol FTIR Abs. 0 0 0 0
Soot FTIR %owt | o077 | o7& [ o7 | 06 |
Vanadium D-6595 PPM 0 0 0 0 0
Sodium D-6595 PPM 4 5 5 5 5
Silicon D-6595 PPM 9 16.1 4.6 15.2 3.1 9 2 9.9 [N
Additive Element
Boron D-6595 PPM 200 132 134 182 168
Magnesium D-6595 PPM 18 120 98 21 20
Calcium D-6595 PPM 1754 1712 1805 1942 1965
Barium D-6595 PPM 0 3 3 1 2
Phosphorus D-6595 PPM 867 726 760 792 755
Zinc D-6595 PPM 849 1007 42 1112 46 991 84 965 118
Additional Test
Flash Point D-3828 °C
Viscosity Index D-2270




E10

Honda Click 125i

I

II

III (Repeat I)

IV (Repeat II)

V (Repeat III)

VI (Repeat 1V)

Bottle ID Baseline 1025093 1024941 1025029 1025032 1025058 1024998
Date Sampled 07/03/2014 14/03/2014 24/03/2014 28/03/2014 01/04/2014 04/04/2014
Oil Hours (km) 1257.8 2133.7 693.7 1034.7 1329.2 1634.6
Unite Hours (km) 38503.7 39379.6 40505 40846 41140.5 41445.9
Remarks : _ Warn_lng — J— S - -5

Caution . - s

Normal

|Test Methodl Result Unit Fine Wear | Coarse Wear Fine Wear | Coarse Wear Fine Wear | Coarse Wear Fine Wear | Coarse Wear Fine Wear | Coarse Wear Fine Wear | Coarse Wear

Wear Condition
Iron D-6595 PPM 0.0 2.4 2.0 3.3 0.9 2.1 5.3 2.2 2.1 2.0 0.2 2.0 0.8
Chromium D-6595 PPM 0.0 0.3 0.0 0.3 0.0 0.2 0.5 0.2 0.1 0.2 0.0 0.2 0.0
Lead D-6595 PPM 0.0 0.0 0.3 0.0 0.3 0.0 3.0 0.0 1.2 0.0 1.4 0.0 0.0
Copper D-6595 PPM 0.0 0.5 0.1 0.8 0.0 0.3 0.3 0.4 0.0 0.5 0.0 0.4 0.1
Tin D-6595 PPM 0.0 0.0 0.5 0.0 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aluminium D-6595 PPM 0.0 1.6 0.0 1.8 0.2 0.9 0.4 0.9 0.0 0.5 0.0 0.5 1.2
Nickel D-6595 PPM 0.0 0.0 0.4 0.0 1.1 oo [ o0 0.0 0.0 0.0 0.0 0.0
Silver D-6595 PPM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Molybdenum D-6595 PPM 76.0 79.6 1.0 81.1 0.0 76.5 34.0 67.3 8.4 71.8 0.3 69.6 3.5
Titanium D-6595 PPM 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 1.6 0.0 0.0 0.0 0.0
Oil Condition
Viscosity @ 40 °C D-445 cSt
Viscosity @ 100 °C| D-445 cSt 13.6
Oxidation FTIR Abs 86.4 82.2 84.8 88.4 87.8 84.1 84.5
Nitration FTIR Abs 4.7 6.8 7.3 6 6.6 6 6.3
TAN D-974 mg KOH/g
TBN D-4739 mg KOH/g 6.4 5.7 5.7 6.6 6.5 6.6 6.6
Contamination
Water FTIR %wt 0.084 0.100 0.103 0.104 0.099 0.105 0.113
Fuel SAW %wt 0.98 1.02 1.13 1.14 1.15 1.20
Glycol FTIR Abs. 0 0 0 0 0 0
Soot FTIR Yowt | o7 [ o7 | o072 | 06 [ 05 [ 059 |
Vanadium D-6595 PPM 0 0 0 0 0 0 0
Sodium D-6595 PPM 4 6 8 6 6 7 6
Silicon D-6595 PPM 9 5.9 0 6.8 4.4 7 5.9 5.8 4.8 6.4 2.7 6.2 4.8
Additive Element
Boron D-6595 PPM 200 151 147 179 162 157 151
Magnesium D-6595 PPM 18 15 14 15 13 14 13
Calcium D-6595 PPM 1754 1696 1771 1975 1782 1809 1755
Barium D-6595 PPM 0 0 0 0 0 0 0
Phosphorus D-6595 PPM 867 616 653 717 739 696 664
Zinc D-6595 PPM 849 788 37 827 44 922 644 816 104 882 48 822 124
Additional Test
Flash Point D-3828 °C
Viscosity Index D-2270




E85

Honda Wave 110i

I 11 I11 I\,
Bottle ID Baseline 1024889 1024946 1025099 1024992
Date Sampled 17/02/2014 11/03/2014 31/03/2014 24/04/2014
Oil Hours (km) 1802 4105.5 6025.5 7741
Unite Hours (km) 88211 92316.5 94236.5 95952
Remarks : _ Warning . . .

Caution -
Normal '
S
[Test Method| Result Unit Fine Wear | Coarse Wear | Fine Wear | Coarse Wear | Fine Wear | Coarse Wear | Fine Wear | Coarse Wear

Wear Condition
Iron D-6595 PPM 0.0 56.7 6.3
Chromium D-6595 PPM 0.0 0.2 0.2 0.7 0.0 1.0 0.0 4.5 0.1
Lead D-6595 PPM 0.0 0.0 0.0 0.7 0.0 1.2 0.6 0.0 0.1
Copper D-6595 PPM 0.0 1.0 0.1 2.2 0.4 3.3 0.7 3.1 1.3
Tin D-6595 PPM 0.0 0.0 0.0 0.0 1.4 0.0 0.0 0.0 0.1
Aluminium D-6595 PPM 0.0 11.0 0.0
Nickel D-6595 PPM 0.0 0.4 0.0 0.3 0.0 0.5 0.0 2.5 0.1
Silver D-6595 PPM 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
Molybdenum D-6595 PPM 76.0 60.6 2.3 68.7 5.1 69.9 8.5 91.4 18.2
Titanium D-6595 PPM 0.0 0.7 0.3 1.3 0.0 1.8 2.9 1.6 1.6
Oil Condition
Viscosity @ 40 °C D-445 cSt
Viscosity @ 100 °C| D-445 cSt 13.6
Oxidation FTIR Abs 86.4 94 110.8 115.7 110.9
Nitration FTIR Abs 4.7 5.6 8.1 9 7.3
TAN D-974 | mg KOH/g
TBN D-4739 mg KOH/g 6.4 4.7 7.9 4.1 4.9
Contamination
Water FTIR O%owt 0.084 0.094 0.099 0.114 0.106
Fuel SAW %wt 0.32 0.97 0.90 1.28
Glycol FTIR Abs. 0 0 0 0
Soot FTIR %owt | o6 | o7 [ 08 | 061 |
Vanadium D-6595 PPM 0 0 0 0 0
Sodium D-6595 PPM 4 6 10 14 11
Silicon D-6595 PPM 9 11.8 2.1 13.7 6.5 15.5
Additive Element
Boron D-6595 PPM 200 115 95 72 116
Magnesium D-6595 PPM 18 18 21 19 22
Calcium D-6595 PPM 1754 1735 1915 1873 2115
Barium D-6595 PPM 0 1 3 4 2
Phosphorus D-6595 PPM 867 699 719 693 804
Zinc D-6595 PPM 849 739 41 832 209 936 226 1321 156
Additional Test
Flash Point D-3828 °C
Viscosity Index D-2270




E85

Honda Wave 125i

I 11 ITI I\

Bottle ID Baseline 1025178 1025126 1024936 1028605
Date Sampled 02/03/2014 31/03/2014 24/04/2014 09/05/2014
Oil Hours (km) 1420 3803 4907 5702
Unite Hours (km) 32910 35293 36397 37192
Remarks : _ Warning ) Lo .

Caution K —— - .

Normal

[Test Method| Result Unit Fine Wear | Coarse Wear | Fine Wear | Coarse Wear | Fine Wear | Coarse Wear | Fine Wear | Coarse Wear

Wear Condition
Iron D-6595 PPM 0.0
Chromium D-6595 PPM 0.0 0.5 0.0 0.9 0.0 3.9 0.1 0.4 0.1
Lead D-6595 PPM 0.0 0.0 0.3 0.4 1.8 0.0 0.1 0.1 0.1
Copper D-6595 PPM 0.0 1.5 0.2 3.3 0.2 1.6 0.2 2.0 0.1
Tin D-6595 PPM 0.0 0.0 1.8 0.0 0.0 0.0 0.1 0.0 0.1
Aluminium D-6595 PPM 0.0 8.9 0.0 13.4 3.3 5.4 1.0 7.4 0.1
Nickel D-6595 PPM 0.0 0.2 0.5 0.2 0.0 2.3 0.1 0.0 0.1
Silver D-6595 PPM 0.0 0.1 0.0 0.3 0.1 0.0 0.1 0.1 0.1
Molybdenum D-6595 PPM 76.0 73.5 2.0 66.1 0.7 86.3 6.1 81.4 0.1
Titanium D-6595 PPM 0.0 1.2 1.4 1.6 2.9 0.8 0.3 0.8 0.1
Oil Condition
Viscosity @ 40 °C D-445 cSt
Viscosity @ 100 °C| D-445 cSt 13.6
Oxidation FTIR Abs 86.4 110.6 116.6 113.8 115.6
Nitration FTIR Abs 4.7 6.7 8.3 5.9 6.7
TAN D-974 | mg KOH/g
TBN D-4739 mg KOH/g 6.4 5 4.3 5.6 5.3
Contamination
Water FTIR O%owt 0.084 0.072 0.109 0.103 0.123
Fuel SAW %%wt 0.00 1.04 1.07 1.21
Glycol FTIR Abs. 0 0 0 0
Soot FTIR %owt 0.39 | o8 | 06 [ 076 |
Vanadium D-6595 PPM 0 0 0 0 0
Sodium D-6595 PPM 4 8 12 6 8
Silicon D-6595 PPM 9 11.5 5.8 13.6 5.8 7.8 0.1 8.6 0.1
Additive Element
Boron D-6595 PPM 200 125 94 143 136
Magnesium D-6595 PPM 18 18 18 20 20
Calcium D-6595 PPM 1754 1747 1752 2109 1923
Barium D-6595 PPM 0 2 4 2 2
Phosphorus D-6595 PPM 867 679 703 848 785
Zinc D-6595 PPM 849 931 44 861 55 1325 103 1007 69
Additional Test
Flash Point D-3828 °C
Viscosity Index D-2270




E85

Honda Click 110i

I

II

Bottle ID Baseline 1024893 1025070
Date Sampled 17/03/2014 24/04/2014
Oil Hours (km) 2100 3763.5
Unite Hours (km) 52587.5 54251
Remarks : _ Warning = Ay < |

Caution -

Normal

[Test Method| Result Unit Fine Wear | Coarse Wear | Fine Wear | Coarse Wear

Wear Condition
Iron D-6595 PPM 0.0 24.2 5.0 41.4 14.9
Chromium D-6595 PPM 0.0 4.1 0.8 1.2
Lead D-6595 PPM 0.0 0.0 1.4 0.0 0.1
Copper D-6595 PPM 0.0 1.6 0.1 3.2 0.4
Tin D-6595 PPM 0.0 0.0 0.0 0.0 0.1
Aluminium D-6595 PPM 0.0 7.0 0.2 9.9 2.8
Nickel D-6595 PPM 0.0 0.1 0o e o1 |
Silver D-6595 PPM 0.0 0.0 0.0 0.0 0.1
Molybdenum D-6595 PPM 76.0 77.2 0.0 87.8 4.5
Titanium D-6595 PPM 0.0 0.2 0.7 0.0 0.1
Oil Condition
Viscosity @ 40 °C D-445 cSt
Viscosity @ 100 °C| D-445 cSt 13.6
Oxidation FTIR Abs 86.4 105.8 104.9
Nitration FTIR Abs 4.7 5.8 6
TAN D-974 mg KOH/g
TBN D-4739 | mg KOH/g 6.4 5.9 5.8
Contamination
Water FTIR %wt 0.084 0.123 0.111
Fuel SAW %wt 1.00 1.26
Glycol FTIR Abs. 0 0
Soot FTIR %owt | o074 [ 059 |
Vanadium D-6595 PPM 0 0 0
Sodium D-6595 PPM 4 6 9
Silicon D-6595 PPM 9 11.9 3.4 17.5 5.3
Additive Element
Boron D-6595 PPM 200 169 137
Magnesium D-6595 PPM 18 28 31
Calcium D-6595 PPM 1754 1984 1960
Barium D-6595 PPM 0 0 0
Phosphorus D-6595 PPM 867 687 718
Zinc D-6595 PPM 849 928 64 1269 114
Additional Test
Flash Point D-3828 °C
Viscosity Index D-2270
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ﬂ:[») Designation: D 6595 ~ 00
—~yl? |

INTERNATIONAL

Standard Test Method for

An American National Standarg

Determination of Wear Metals and Contaminants in Used
Lubricating Oils or Used Hydraulic FIunds by Rotating Disc
Electrode Atomic Emussuon Spectrometry

ThlS standa.rd is issmed undcr the fixed dtmgnauon D 6595 the number immediately following the desigpation indicates the year of
original adoption or, in the case of Tevision, the year of last revision. A pumber i parentheses indicates the year of last reapproval. A
superscript epsilon {€) indicates an editorial change since the last revision or reapproval.

1. Scope . .

"1.1 This test method covers the determination of wear
metals and contaminants in used lubricating oils and used
hydraulic fluids by rotating disc electrode atonnc ermssmn
spectroscopy (RDE-AES). '

1.2 This test method provides a guick indication for abnor-
mal wear and the presence of contamination in new or used
Jubricants and hydraulic fluids.

1.3 This test method uses oil-soluble metals for calibration
and does not purport to relate quantitatively the values deter-
nined as insoluble particles to the dissolved metals. Analytical
results are particle size dependent and low results may be
obtained for those elements present in used oil samples as large
particles.

1.4 The test method is capable of detecting and quanufylng
elements resulting from wear and contamination ranging from
dissolved materials to particles approximately 10 pm in size.

1.5 The values stated in SI units are {0 be regarded as the
standard. The values given in parentheses are for information
only. The preferred units are mg/kg (ppm by mass).

1.6 This standard does not purport to address all the safety
problems, if any, associated with its use. It is the responsibility
of the user of this method to establish appropriate safety and
health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
D 4057 Practice for Manual Sampling of Petroleum and
Petroleum Products® '

3. Terminology

3.1 Defitions:

3.1 burn, vi—in emission spectrescopy, 1o vaporize and
excite a specimen with sufficient energy to generate spectral
radiation.

! This test method is under the jurisdiction of ASTM Committee DOZ on
Petroleum Products and Lubricants and is the direct responsibility of Subcommitice
D02.03 on Elemental Analysis.

Cument edition approvedNov. 10, 2000. Published Nevernber 2060

2 Annuul Book of ASTM Stendards, Volume 05.02. -

3.1.2 calibration, n—the determination of the values of the
significant parameters by comparison with values indicated by
a set of reference standards.

3.1.3 calibration curve, n—the graphical or mathematical
represéntation of a relationship between the assigned (known)
values of standards and the measured responses from the
measurement systern.

3.1.4 calibration standard, n—a standard having an ac-
cepted value (reference value) for use in calibrating a measure-
ment instrument or systetn,

3.1.5 emission spectroscopy, n—imeasurement of energy
spectrum emitted by or from an object under some form of
energetic stimulation; for example, light, electrical discharge,
and so forth.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 arc discharge, n—a self-sustaining, high current den-
sity, high temperature discharge, uniquely characterized by 2
cathode fall nearly equal to the ionization potential of the gas
or vapor in which it exists.

3.2.2 check sample, n—a reference material usually pre-
pared by a laboratory for its own use as a calibration standard,
as 2 measurement control standard, or for the qualification of a
measurement method. :

3.2.3 confaminant, h—material in an oil sample that may
cause abnormal wear or lubricant degradation.

3.2.4 counter electrode, n—either of two graphite electrodes
in an atomic emission spectrometer across which an arc or
spark is generated.

3.2.5 graphite disc electrode, n—a soft form of the element
carbon manufactured into the shape of a disc for use as a
counter electrode in arc/spark spectrometers for oil analysis.

3.2.6 graphite rod electrode, n—a soft form of the element
carbon manufactured into the shape of a rod for use as 2
counter electrode in arc/spark spectrometers for oil analysis.

3.2.7 profiling, n—to set the actual position of the entrance
slit to produce optimum measurement intensity.

3.2.8 standardization, n—the process of reestablishing and
correcting a calibration curve through the analysis of at Jeast
two known oil standards.

3.2.9 uptake rate, n—ihe arount of oil sample that is
physically carried by the rotating disc electrode into the arc fer
analysis.

Copyright © ASTM Internationat, 106 Barr Harbor Drive, PO Box CT00, West Conshohocken, PA 19428-29509, United States.
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:13:2.10 wear. metal, n—material resulting from damage:toa

contactlng substance or substances

ummary of Test Method

fién are evaporated and éxcited by a controlled arc discharge
usmg the rotating disk techmique. The radiant energies of
seldcted analytical lines' and one or more referciices are
collected and stored by ‘way of photomultiplier tubes, chatge
couplcd devices or othier suitable detectors,'A comparison’ i$
made of the emitted intensities of the elements in the used oil
test specimen against those measured with calibration stan-
dards. The concentrations of the elements present in the oil test

specimen are calculated and. dtsplayed They may also_be

entered into a data base for pmcessmg

5 ;Slgmﬁcance and Use

5.1 Used Lubncanng Qil—The determination of debris ‘in’

used oil is a key diagnostic ‘method practiced in’ ‘Thachine

conditiont monitoring pmgranis ‘The presence or ‘increase in-

éoticéntration of spec1ﬁc wear metals can be indicative of the

' ea‘fly stages of wear if- ther(. are baseline concentration data for
comparison. A marked ircrease i contaminant elementscan be
indicative of foreign materials in the lubricants, such -as

aniifieeze or sand, which may lead to wear or lubricant
degmdanon The test méthod identifies the metals and their

doncentration so that frends relative’ to timie or distance can be:

established and corrective: action ‘can’ bc laken prior to more
senous or catastrophic fa:llure :

-6:--‘Interferences T
6.1 Spectral—Most spectral interferences can be avoided by

' judicious choice of spectral lines. High concentrations of
additive elements can have an interfering influence on the

spectral lines used for determmmg wear metals. Instrement

manufacturers usually compcnsatc for $pectral interferences:

duririg factory calibration. A background comection systemn,
which ‘subtracts unwanted intensities on ecither sidé of the
8pcctral line, shall alsobe used, for this purpose. When spectral
interferences cannot be avoided with spectral line selection and
background correction, the necessary corrections shall be made
using the computer software supplied by the instrament manu-
facturer.

6.2 Viscosity Effects—Differences in viscosity of used oil
samples will cause differences in uptake rates. Internal refer-

edces of the instrument will compensate for a portion of the .

differences. In used oil applications, the hydrogen 486.10 nm

spectral line has become the industry standard for use as an

internal reference. Without a reference, trended data on used oil
will be adversely affected if the sample base stock hag a
different viscosity from the base line samples. -

6.3 Particulate—When large particles over.10 pm.in size
ate detected, the analytical results will be lower than the actual
Concentration they represent. Large particles may not be

effectively transported by the rotating disk electrode sample
introduction system into the arc, nor will they be fully .

Vaporized by the spark.

golid surface due to relative motion between that s*urface and a

1 Wear metals and contaminarts in a ised oil test’' speti=:

" Element

" Molybdeaurn'

4y p 659500

1. Apparatus.

7.1 Electrode Sharpener——An c!ectrode sharpener is neces-
sary to remove the contaminated portion of the rod electrode
remaining from the previous determination. It #lso forms a new
160° angle on the end of the electrode. Electrode sharpeners
are not required for instruments using a prc—bhaped disc
electrode as the counter electrode. -

7.2 Rotating Disc Electrode Atomic: Emission S‘pectromerer '
a simultaneous spectrometer consisting of excitation source,
polychromator optics, and.a readout system. Suggested, ele-
ments and wavelengths are listed in Table 1. When, _multiple
wavelengths are listed, they are in the order of pra,ferencc or.
desired analytical range.

7.3 Heated Ultrasonic Bath (Recommended) a,_u ultrasomc_
bath to heat and homogenlze used oll samples to brmg paJtlcles;
into homogeneous suspension., The ‘uitrasonic bath shall be
used on samples containing large amount of clcbrls and those
that have been in transit or stored for 48 hours or longer,

g, Reagents and Matenals

8.1 Base Oil, a 75 cSt base 011 free of analytn to be used as
a calibration blank or for blending calibration standards. .

8.2 Check Samples, An oil standard or sample of known
cencentration which is periodically analyzed as a go/mo;go
sample to confirm the need for standardization based on an
allowable® 10 % accuracy limit. :

8.3 Cleanirg Solution, An- environmentally . safe-,' non-
chlorinated, rapid evaporating, and non-film: producing selvent,
to remove spilled or splashed oil sample-in the sample stand. .

8.4 Disc Electrode, a graphiteé disc electrode of high-purity
graphite (spectroscopic grade). Dlmensmns of the electrodes
shall conform to those shown in Fig. 1. RN -

‘8.5. Glass Cleaning - Solution, capable. of cleanmg and re-
moving splashed .oil -sample from the quartz -window that
protects the entrance lens and fiber optic: Isopropyl rubbing:
alcohol or ammonta based window cleaner has been fmmd to.
be suitable for this purpose. : :

- 8.6 .Organometallic- Standards, smgle or- multl e]cment
blended standards for use:as the high-concentration standard:
for imstrument standardization purposes’ or- for use-as a ¢heck:
sample to:confirm calibration. Typical .conéentrations. in "the
upper calibration point standard for used oil applications is 100
mg/kg for wear metals and contaminants, and 900 mg/kg for
additive elements

TABLE 1 Elements and Recommended Wavelengths

Waveiength, nm  Element Wavelength, nm
Aluminum - 308 Nicke! 341.48
Barium 7 230.48, 455.40 Phosphorus 255.32, 214.91
Boron . . . 249.67 Potassium 766.49
Calcium 383.37, 445.48 Silicon 251.60 .
Chromiim 425,43 Siiver 328.07, 24378 .
Copper 324.75, 224,26 Sodium 588.89, 589.59
Iron 259.94 Tin 317.51
Lead 283.31 Titanium 334,94
Lithium 670.78 Tungsten 400.87
M_a'ﬁgaﬁe"se' 403.07, 204,92 WVanadium 200.88, 437.92
Magnesium 280.20, 518,36 Zinc 213.86

| 28460
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' Note—Al dimensions are in miIlimetreS‘ materiaj is high-purity
graphite (spcctmscoPu: grade). : ’
AG. T Graphile Disc E!ectrode

8.6.1 Standards have a shelf-life and shall not be used to
standardlze an instryment If they have excceded the expnrauon
date.

8.7 Counter Electrode—The counier electrode can be either

a rod or‘a disc. The counter electrode must be high-purity
graphlte (spectroscoplc grade). Dimensions' of the counter
electrodes shall conform to those shown in F1g 2.

‘8.8 Specimen Holders—A variety of specimen’ holders can
be used for the analysis of used oil samples. Disposable
specimen holders must be discarded after each analysis and
reusable specimen holders must be cleaned after each analysis.
All specimen holders must be free of contamination and shall
be stored accordingly. Specimen holder and covers shall be
used on hydraulic 011 samples that may catch on fire dunng the
analysm .

9. Sampling '

9.1 The ‘used oil sample taken for the analysis -must be
representative of: the entire system. Good sampling procedures
are - key t0. good analyses and samples must be taken in
accordance with Practice D 405’? .

10. Preparatlon of T&;t Spec;men

10:1 Homogemzanon—Used oil samples may contain par—
ticulate-matter and, in order to be representative, must always
be vigorously .shaken prior to pouring a test spec1men for
analysis.

10.2 Ulirasonic Homogemzanon—Sa.mples that have been
in transit for several days, idle in storage or very viscous, shall
be placed in a heated ultrasonic bath to break up clusters. of

particles and to bring them back into suspens1on The samples

shall be v1gomusly shaken after being in thc uitrasomc bath

B 12.5¢0.03
@ 3.18+0.03—

and prior to pouring a test specimen for analysis. The bath
temperature shall be at least 60°C and the total agitation time
at least 2 min.

10.3 Specimen Holders—Used oil samples and oil standards
shall be poured into a specimen holder of at ieast 1 mL capacity
prior to analysis. Exercise care to pour the sample consistently
to the same level in the specimen holders to maintain good
repeatability of analysis.

104 Specimen Table—The specimen table shall be adjusted
so that when it is in the fully raised position, at least one-third
of the disc electrode is immersed in the oil test specimen.

11. Preparation of Apparatus

11.1 Warm-up Burns—If the instrument has been idie for
several hours, it may be necessary to conduct at least three
warmt-up burns to stabilize the excitation source. The warm-up
procedure can be performed with any oil sample or standard.
Consult the manufacturer’s instructions for specific warm-up
requirernents.

112 Optical Profile—Perform the mormal optical profile
procedure called for in the operation manual of the instrument.
An optical profile shall also be performed if the instrument has
been inoperative for an extended period of time or if the
temperature has shifted more than 10°C since the last calibra-
tion check.

11.3 Validation Check—A go/no go standardization check
can be performed with one or more check samples to confirm
calibration prior to the analysis of routine samples. A calibra-
tion standard or known oil sample can be used for this purpose.
The optical profile and standardization routine recommended
by the instrument manufacturer shall be performed if the
validation check fails to meet the 10 % accuracy guidelines
for each elemcent of interest.

12, Calibration

12.1 Factory Calibration—The analytical range for each
element is established through the analysis of organometallic
standards at known concentrations. A calibration curve for each
element is established and correction factors are set to produce
a linear response. Analyses of test specimens must be per-
formed within the linear range of response. The typical

6.1510.03

10.0°10.1°

NOTE—AII dimensions are in mﬂlmletres, material is high-purity graphite (spectroscopic grade).
FIG. 2 Graphite Counter Electrode
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“TABLE 4 Reproducibility .. -~

Repeatability, mg/kg

~ Element " .

Reproducibility, mg/kg

3 ‘Céteulated Repeatability at Selet_élé_d Concentrations in *

Range, mgkg - - - Range; makg
0.23-101 0.54190L0.57)045 Alurhinum -0.25-100 C L ABTOMO57OE Y T

-2 | [ 0.0694X118 . - Bariurn 28-115 QATXS = 5 -
0.44-120 0.4280(X+0.1028)°5¢ Boron 0.14-120 0.9726 (X+0.1028)%5%

: 3.7-11460 - 0.1106(X+2.184) Calcium 3.7-11460 [0.2051(X+2.184):... .~
toae T 018182 0.7285(X+0.0667)74* Chromium 0.18-152 1.232{X+0.0557)"4*

047100 | 0.1631{X+0,3450)°-85 Copper C0AT-10000 . - - D.43B6(K+0.3459)°85

48210 - - 0.3150 {(X+0.0141)87 | o .. . .. . 48210 0.8323(X+0.0141)%7 . -
0.43-101 1.062(X+0:6035)">* Lead o 0.43-101 _ 1.814(X+0.6015)°3+
4.9-1360 0.1048X Magnesium C40-1360 - ¢ 0.3535% o
0.3-117 0.7017(X+0.3534)°%* Manganese. - DA . I22720640.3534)03¢
0.21-100 0.997B(X+0.4795)> Molybdenum 021100, - _2.089(X+0.4795)%3¢

- 0.35-100 CUQTIA2(X4).3238)040 | MNickel = ©0.35-100 T1.261(X+0.3238)040 " T
52-2572 0.0761(X414.76) . Phosphorus - 532572 "0.3018(X+14.76)

. 0.35-247 - 0.4075(X+0.1154)°5% Potassium ..0.35-247 - 1.023(X+0.1154)083 .
3otz " 0.4015(X+0.1802)7 5 Silicon . S, 32142 0.8796(X+0.1692)%-52

A0 ©01523(X+1.2)088 - Silver T g-1027 O D.4439(%41.2)0%¢

. 3.8-996 . - - 0.1231(X-2:674). Sodium - © -3B-9986 CUT U DA0TE(X+26.36)

. 30138 . s DETTTXH0.6578)04° Tin o o .80-139: . . D 0:7967(X+0.6578)0%F
6.8-103 T 0.5831(X40,8304)°° Titaniun 6.8-103 0.9682(X+0.9304)°5
2.1-10t 0.6388(X+08418)"*1 vanadium . 21401, 1.983(X+0.8418)°41"
5.3-1345 0.2031(X+1.553)%47 Zinic Co ey TBRELB4G.

0.5881(X+1.553)°%7 -
X = mean concentration’in malig e e

TABLE 5 Calculated Reproducibility at Selected Concentrations

' mgkg inmghkg
i 10 106 000 Element 1 10 100 1000
o7 15 43 L U Aminom o o0 T8 420 16
To182 C o Badum T T T0 L 807, .
0.5 1.6 5.6 "Boron T 1.0 ) 36 . 128
: 1.3 1.3 110.8 : Calcium 3.6 30.2 295.7
0.7 7 18 48 ot RO U Cremiuf o+ L oM@ o @2 -8
S 0z - 12 .82 - Coppsr "0 - .08 - 32 o280
IR 4 9.3 < ofon b T oo S 44 245
: : . 2 24 -9 s S ‘Lead - : T -2 RN ) 87
:Magnesium 1.0 05 - - 1049 - Magnesiuin - - 0 wase 354 353.5
“Manganese 08 16 3.4 Manganese 25 5.0 109
"Molybdenum e 11 22 - A8 Molybdenum . :cr 0 24 - - - 46 - 1040 131.3
Nicked wo .. 08 . 18 .45 Nickel - .- . - . 14- . 32 .80
- Phosphorus Deee T s - 19 87 - Phesphorus - . . : : .75, .. 4B
Polassiym 0.4 1.8 7.4 Potassium 1.1 44- . 188
Sil_igo'r:l ) 1.7 7.3 Silicon ) 3.8 16.0
Sitver 89 Silver 258
Sodlum . . ) 0.8 12.0 Sodium 3.9 13.6
T 54 Tin : : 6.3
Titanfurn 1.7 4.2 Titanium 3.2 9.7
Vanadium - 1.7 4.2 Vanadium 53 131 )
G - 1.7 1.3 82.8 Zing 49 32.8 240

elements and recommended wavelengths determined in the
used oil analysis applications are listed in Table 1.

12.2 Routine Standardization—A minimum of a two point
Toutine standardization shall be performed if the instrument
fails the validation check or at the start of each working shift.
A minimum of three apalyses shafl be made using the blank
and working standard.

13. Procedure

13.1 Analysis of Oil Samples—Analyze the test specimen in
the same calibration curve program and manner as the stan-
dardization standards. A new disc electrode and re-pointed rod
electrode or new counter disc electrode must be used for each
analysis, A laboratory grade paper towel or installation tool

shall be used to install the disc electrode in order to protect it
from contamination from the fingers. Cleaning procedures

recommended by the manufacturer shall be followed to avoid
cross contamination or buildup of spilled sample.

13.2 Analysis of Flammable Samples—A non-plastic speci-
men holder cover shall be used on the specimen holder when
hydraclic samples that might catch on fire during the analysis
are analyzed. The cover retards flaming and minimizes smoke
that will attenuate the analytical signal. Most covers will fit on
reusable or disposable specimen holders.

13.3 Quality Control with a Check Sample—Analyze a
check sample at least every hour during continuous operation
or every 25 samples during intermittent operation to confirm
that the instrument is still within the required *+ 10 % accuracy
guidelines for each element of interest.

14. Report

14.1 Report wear metals and contaminants in mg/kg and to
one decimal place for concentrations below 10 mg/kg and in
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whole numbers for. concentrations greater than 10 mg/kg.
Report additive elements in mg/kg and in whole numbers up to

three significant digits. One determination per used oil sample.

is the standard industry practice.
15, Precision and Bias
" 15.1 Precision—The precision of this test method -was
determined by statistical analysis of interlaboratory results
obtained by following this method. A total of 16 laboratories
participated in the Interlaboratory Study (ILS) of which 14 sent
in data on 11 oil samples analyzed in duplicate. The 11 samples
in the ILS were; two used automotive oils, one used turbine oil,
one used gear oil, one used diesel oil, one hydraulic oil, one
mixturé of ¢il standards, one military oil, and three calibration
standards. Two determinations were made on each used oil
sample and - considered separately. Data is available in a
research report®. ' ' o
15.1.1  Repeatability—The difference between two test re-
sults, obtained by the same operator with the same apparatus
under constant operating couditions on identical test material

3 Aviitable from ASTM Headquarters. Request Research Report DO2-1487.

would, in the long run, in the normal and correct operation of
the test method, exceed the values in Tables 2 and 3 only in one
case in twenty. '

15.1.2 Reproducibility—The difference between two single
and independent results, obtained by different operators work-
ing in different laboratories on identical test materials, would in
the long run, in the normal and correct operation of the test
method, exceed the values in Tables 4 and 5 only i one case
in twenty.

15.2 Bigs—DBias was evaluated by analyzing three samples

prepared from calibration standards at the 30 mg/kg, 50 mgfkg,
and 100 mg/kg concentrations. The t-test concluded that the
bias was insignificant for all elements with the exception of
barizm at 30 mg/kg concentration, nickel at the 50 mg/kg
concentration, and titanium at the 100 mg/kg concentration.
The calculated bias values are of lesser significance in used oil
trending applications. '

16. Keywords

16.1 additive elements; contaminant; disc electrode; emis-
sion spectrometry; lubricating oil; RDE; rotating disc electrode
spectrometer; rod electrode; wear metal

~ASTM Intemnational takes no position respecting the validity of any patent rights asserled in connection with any item mentioned
in this standard. Users of this standand are expressly advised that determination of the validity of any such patent rights, and the fisk
of infringement of such rights, are entirely their own responsibifity.

This standard Is subfact to revision at any time by the rasponsitle
i not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM international Headquarters. Your comments will receive careful consideration at a mesting of the
responsibie technical committes, which you may attend. If you foal that your comments have nof received a fair hearing you should
make your views known fo the ASTM Committee on Standards, at the address shown befow.

Ischnical commitiee and must ba reviewad every five years and

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box 700, West Conshohocken, PA 19428-2858,
United States. Individusl reprints (single or multiple coples) of this standard may be obtalned by contacting ASTM at the above
address’ or at B10-832-9585 (phone), 610-832-9556 (fax), or service@astm.org {e-mail); or through the ASTM website

(www.astm.org).
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Acid and Base Number by Color-Indicator Titration'

This standard is issued undes ihe fixed designation D 974; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A numbet in parentheses indicates the year of last reapproval. A
superscript epsilon (€} indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department af Defense.

1. Scope*

1.1 This test method covers the determination of acidic or
basic constituents (Note 1) in petroleum products® and lubri-
cants sofuble or nearly soiluble in mixtures of toluene and

isopropyl alcohol. It is applicable for the determination of acids.

or bases whose dissociation constants in water are larger than
107% extremely weak acids or bases whose dissociation
constants are smaller than 107 do not interfere. Salts react if
their hydrolysis constants are larger than 1075,

Note 1—In new and used oils, the coenstitueats considered to have
acidic characteristics include organic and inorganic acids, esters, phenolic
compounds, Iactones, resins, salts of heavy metals, and addition agents
such as inhibitors and detergents. Similarly, constituents considered to
have basic properties incinde organic and inorganic bases, amino com-
pounds, salis of weak acids (soaps), basic salts of polyacidic bases, salts
of heavy metals, and addition agents such as inhibitors and detergents.

Note 2—This test method is.not suitable for measuring the . basic
constituents of many basic addltwe-type lubricating oils. Test Method
D 4739 can be used for this purpose.

1.2 This test method can be used to indicate relative changes
that occur in an oil during use under oxidizing conditions.
Although the titration is made under definite equilibrinm
conditions, the method does not measure an absolute acidic or
basic property that can be used to predict performance of an oil
under service conditions, No general relationship between

~ beaning corros:cm and ac1d or base numbers is known

Note 3—0Qils, such as many cufting oils, restproofing mls, and similar

compounded oils, or excessively dark-colored oils, that cannot be ana-
lyzed for acid number by this test method due to obscurity of the
color-indicator end point, can be analyzed by Test Method D 664. The acid
numbers obtained by this color-indicator test method need not be

U This test method is under the jurisdiction of ASTM Committee D02 on
Petrolenm Products and Lubricants and is the direct responsibility of Subcommiteee
DO2.06 on Analysis of Lubricants.

In the IP, this test methed is wmder the jurisdiction of the Standardization
Committee. This test method was adopted as a joint ASTM-TP standard in 1965.

Current edition approved Nov. 1, 2004, Published November 2004. Originally
approve in £948. Last previous edition approved in 2002 as D 974-02"".

% Statements defining this test method, its modification, and its significance when
applied to electrical insulating oils of mineral origin will be found in Guide D 117,

numerically the same 2s those obtained by Test Method D 664, the base
numbers obtained by this color indicator test method need not be
numerically the same as those obtained by Test Methad D 4739, but they
are generally of the same order of magnitude.

1.3 The values stated in acceptable SI umits are to be
regarded as the standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its wse. It is the
responsibility of the user of this stundard fo establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior 1o use,

2. Referenced Documents

2.1 ASTM Standards: *

D 17 Guide for Sampling, Test Methods, Specifications,
and Guide for Electrical Insulating Qils of Petroleum
Origin

D 664 Test Method for Acid Number of Petroleum Products
by Potentiometric Titration

D 1193 Specification for Reagent Water

D 4175 Terminology Relating to Petroleum, Petroleum
Products, and Lubricants

D 4739 Test Method for Base Number Determination by
Potentiometric Titration

3. Terminology

3.1 Definitions:

3.1.1 acid rumber, n—the quantity of base, expressed in
milligrams of potassium hydroxide per gram of sample that is
required to titrate a sample to a specified end point.

3.1.1.1 Discussion—In this test methed, the indicator is
p-naphtholbenzein titrated to a green/green-brown end point in
a toluene-water-isopropanol solvent.

3.1.2 base number, n—the quantity of acid, expressed in
milligrams of potassium hydroxide per gram of sample that is
required 1o titrate a sample to a specified end point.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, of
contact ASTM Customer Service at service @astm.org. For Anaual Beok af ASTM
Standards volume information, refer to (he standard’s Document Summary page 0%
the ASTM website.

*A Summary of Changes section appears at the end of this standard.
Copyright € ASTM Intemnational, 100 Bar Harbor Drive, PO Box C700, West Gonshahosken, PA 18428-2059, United States.
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Discussion—In this test method, the indicator is
olbenzéin titrated to an orange end pomt ina toluene—
gpropanol solvent.

ed oil, n—any oil that has been in a plcce of
ent (for example, an engine, gearbox, transformer, or
¢) whether operated or not. ' ‘D 4175
efinitions of Terms-Specific fo This Standard:

strong acid number, n—the quantity .of base, ex-
1.in nilligrams of potassinm hydroxide per gram of
at 1s required . to titrate a hot water extract of the

mary of Test Method

o determine the ac1d or base nurber, the sample is
ved in a mixture of toluene and isopropyl alcohol
g a small amonat.of water, and the resulting single-
fution is titrated at room temperaturé with standard
ic base or alcoholic acid solution, respectively, to the
oint indicated by the color change of the added
ly)}holbenzem solution (orange in acid and green-brown in

9 determine the strong acid number, a separate portion

I;pioe ;}ﬁ ample is extracted with hot water and the aqueous
plica ict- is titrated with potassim hydroxide soluuon using
ivl ora.uge as an mchcator
itions,
oleun §
he relative amount of these matetials can be determined
xlucts fitrating with acids or bases. This number, whether ex-
1 & qﬁ‘gcd as acid number or base niinber, is a measuré of this
ot of acidic or basic substdnceb, n::spectwc]y, in the
olesm * oﬂ-ﬁv,aiways under the conditions of.the test: This. number is
used as a guide in the .quality control of lubricating oil
onby 1 fopmulations. It is also.sometimes: used as a. measure. of
lubficant degraddtmn in service;. however, any condemmng
fimits must be empirically established. -
;3 _Since a variety, of. oxidation products contnbute to the
- id, number and the organic acids vary widely in.corrosive
sed in properties, the test cannot be used to predict corrosiveness of
that is an:0il under service conditions. No- general correlation is
) known between acid number and the corrosive tendency of oils
itor 18 foward metals. Compounded engire oils can and usually do
oint it hﬂmihoth acid and: base numbers in this test method
sed in 6 Apparatus i
that i 6 I Buret—A 50- mL buret graduated in 0 1-mL “subdivi-
Slons 61' a 10-mL buret graduated in 0.05-mL subdivisions.
Ncmz 4—An automated buret capab]e of ‘dejivering titrant amounts in
- 005-mL or smaller increments can be used but the stated pnemsmn data
of ASTH Wete abtained using manua] burets only
L A Reagents
T _Punty of Reagents—Reagcm grade chemicals shall be
Used in all tasts. Unless otherwise indicated, it is intended that
al reagents shall conform to the specifications of the Commit-

a golden-brown end point using methyl orange.

4l 0ora-o4

tee on Analytical Reagents of the American Chemical Society, -

where such specifications are available.* Other grades may be
used, - provided it is first ascertained that the reagent is:.of
sufficiently high purity to perrnit its use without lessening -the
accuracy of the determination. -

7.2 Purity of Water—References to water shall be under-
stood 10 mean reagent water.-as defined by Type I of
Specification D 1193.

7.3 Isopropyl Alcohol, anhydrous (]ess than 0 9% water)
(Warning—Flammable.)

7.4 Hydrochloric Acid Solution, Srandard Afcohohc —{0.1
M)—Mix 9 mL of concentrated hydrochloric acid (Warning—
Corrosive, fumes cause irritation) (HCI, sp gr 1.19) with 1000
mL of anhydrous isopropyl alcohol (2-propanol) (Warning—
See. 7.3). Standardize- frequently enough to detect molarity
changes -of - 0.0005  (Note 6}, preferably. by electrometric
titration of approximately 8 mL (accurately measured) of the
0.1 M alcoholic KOH solution diluted with 125 mL of carbon
dioxide-free. water. When an electrometric titration is used for
the standardization, the end point shall be a well- defined
inflection point closest to the cell voltage for the acidic buffer
solution, When a colorimetric titration is used for the standard-
ization, titrate to the first stable appearance of the orange color
with rnethyl orange indicator,

Note 5——C_ommerc1a.]1y available reagents may be.used in place of the
laboratory . preparations when they are certified to be in accordance with
7.1

Nore 6—To simplify caleulations, both the standard KOH and HCH
solutions can be adjusted so that 1.00 mL is equivalent to 5.00 mg of
KOH. Sadium hydroxide (NaCH) and sulfuric acid: (HZSO4) can be
substituted for KOH -and HC), respectively.

7.5 Methyl Orange Indicator Solunon—Dlssolve 0.1 g of
methyl orange in 100 mL of water.

7.6 p-Naphtholbenzein  Indicator’ .SolurionﬁThe
p-naphtholbenzein shall meet the specifications given in Annex
AT. Prepare a solution of p-naphtholbenzem in tltmtmn solvent
equal to 10 + 0.01 g/L."

7.7 Potassium Hydroxide Solution, Standard Alcoholic .1
M)——Add 6g of solid KOH (Warning—Highly corrosive to all
body tissue) to approximately 1 L of anhydrous isopropyl
alcohol {containing less than 0.9 % water) in a 2-L. Erlenmeyer
flask. Boil the mixture gently for 10 to 15 min, stirting to
prevent the solids from forming a cake on the bottorm. Add at
least 2 g of batium hydroxide (Ba(OH)z) (Warmng—~
Pmsonous if mgestcd, strongly alkaline, causes severe irmitation
producmg dermatitis) and again boil gently for 5 to 10 min,
Cool to room temperature, allow to stand for several hours, and
filter the supérnatant liquid through a fine sintered- glass or
porcclam ﬁltenng funnel avoid unnecessary exposure to

- *Reagent Chemicals, American Chemical’ Society 'Specifications, American
Chitical Sociegy, Washington,; DC. For suggestions oh the testing of reagents not
listed by, the: American Chemical Society, see Annual Standards for Laboratory
Chemzca.t.r BDH Ltd POcle Dorsct, UK., and the United States Phammcopem
m:dNatwnaI Fomular}r US Pharmacopmai Ccmventlon Inc. (USPC) Rockvﬂle,
MD.

*In a i992 stud)" onl)- Kodak, Fisher, and Baker (Mallmkmdt)
p-naphtholbenzein were found 10 meet the specifications in Annex Al. However,
Kaodak brand is.no fodger available. .
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carbon dioxide (CQ,) during fitiration. Store the solution in a
chemically resistant dispensing bottle out of contact with cork,
rubber, or saponifiable stopcock lubricant and protected by a
guard tube containing soda lime .or soda nonfibrous silicate
absorbent (Ascarite, Carbosorb, or Indecarb).

171 Srandardization of Potassium Hydroxide Solution—
Standardize frequently enough to detect changes of 0.0005 N.
One way to do this is as follows: Weigh, to the nearest 0.1 mg
approximately 0.2 g of potassium acid phthalate, which has
been dried for at least 1 h at 110 *= 1°C and dissolve in 40=
1 mE of water, free of CO;. Titrate with the -potassimm
hydroxide alcoholic solution to either of the following end
points: () When the ftitration is electrometric, titrate to a
well-defined inflection point at the voltage that corresponds to
the voltage of the basic buffer solution, or (2) When tifration is
colorimetric, add six drops of phenolphthalein indicator sohi-
tion and titrate to the appearance of a permanent pink color.
Perform the blank titration on the water used to dissolve the
potassium acid phthalate. Calenlate the normahty using the
following equation:

w 0 -
—_—r W ) (1}

Nomnality = 20423 ‘V—V-,,

where: . : :

W, weight of the potassium acid phthalate, g,

204.23 “= " molecular weight of the potassium acid phthalate,

v volume of titrant used to titrate the salt to the

_ specific end point, ml., and

Vs, volume of litrant used to titrate the blank, mL.
7.7.2 Prepare-a 0.1 = 0.01 m% solution of phenolphthalein

by dissolving pure solid phenolphthalein ina 1:1 mixture of

water, free of COZ, and ethanol.

U

-

Note 7—Commercially available reagents may be used in plaoe of the
tabocatory preparations.

Note 8—Because of the relatively large coeﬁiclcnt of cublc expansmn
of organic liquids, such. as isopropyl alcohol, the standard alcoholic
solutions should be standardized at temperatures close to those emplnyed
in the ttrations of samples. .

78 Titration Solvent—-Prepare by rmxmg toluene ‘water,
and anhydrous isopropyl alcohol in the ratm 100 : 1 29.

8. Preparation of Used oil Samples

8.1 Strict obscrvance of the sampling procedure described
in 82 is necessary, since the sedlment itself is acidic or basic
or has’ adsorbed acidic or basic material from the sample.
Failure to obtain a representative sample causes Serious €II0TS.

8.2 Heat the sample (Note 9 of used 011 o 60 + 5°C in the
otiginal container and agltate until all sedunent is homoge-
neous]y suspended in the oil (Note 10).If the ongmal coniainer
is of opaqueé material, or if it is more than three-fourths full;
transfer the entire sample to a clear glass botile having a
capacity at least one third greater than the volume of the
sample, and transfer all traces of sediment from. the original
container to the bottle by violent agitation of 'portions of the
sample in the original container. Afier complete suspension of
all sediment, strain the sample or a convenient aliquot through
a 100-mesh screen for the rcmoval of large contaminating
parﬂcles (Notc 9).

Nonz 9—When samples are vzsﬂ)ly free of sechment the heatmg

procedure described in 8.2 may be omitted. When samples are visibly fro,
of sediment, the straining procedure may also be omitted. E

Note 10—As used oil can change appreciably in storage. sample;
should be tested as soon as possible after removal from the lubrica;ing _j'
systemn and the dates of sampling and testing should be noted.

9, Procedare for Acid Number

9.1 Into an appropriate size Erlenmeyer flask or a beaker }
introduce a weighed quantity of the sample as given in Table 1,
Add 100 mL of the titration solvent and 0.5 mL of the indicator §
solution, and without stoppering, swirl until the sample 5 3
entirely dissolved by the solvent. If the mixture assumes ; 3§
vellow-orange color, proceed as directed in 9.2; if it becomes :
green or green-black, proceed as directed in Section 10, :

Note 11—1In routine analysis, the indicator may be pre-mixed with the
titration solvent before adding to the sample. :

9.2 Without delay, titrate at a temperature below 30°C (Noge
14). Add 0.1 M KOH solution in increments and mix to |
disperse the KOH as necessary (see Note 12). Shake vigor
ously near the end point, but avoid dissolving carbon dioxids
(CO,) in the solvent. (In the case of acidic oils, the orange |
color changes to a green or green-brown as the end point is
approached.) Consider the end point definite if the color
change (Note 13) persists for 15 s or if it reverses with two -
drops of 0.1 M HCL :

Note 12—When acid numbers about or below one are expected, better |
precision can be obtained by substituting 0.01 or (.05 M solutions in 9.2
and 9.3. This substitution was not included jo the development of a |
precision statement. 3

Note 13—To observe the end point of dark-colored oil, shake the flask
vigorously to produce momentanly a slight foam when the color change :
occurs as the last few drops of titrant are added and observe the titration
under 2 while fluorescent lamp at bench top level. .

Note 14—The temperature can be measured by any suitable tempera-
ture measuring device. h

Note 15—An avtomated photometric device may also be used to defect
the titration end point. However, the precision estimates given in Section !
15 may not apply to this mode of titration.

9.3 Blank—Perform- a blank fitration on 100 ml of the ;
titration soivent and 0.5 mL of the indicator solution, adding *
0.1-mL or less increments of the 0.1 M KOH solution.

9.3.1 The titration solvent usually contains weak acid im- |
purities which react with the strongly basic components of the
sample. To correct the base number for the sample, determing
an acid number blank upon the solvent.

10. Procedure for Base Number

10.1 If the titration solvent containing the dissolved samp%e __
assumes a green or greenish-brown color after the indicator i$ 3

TABLE 1 Size of Sample*

Acid Number or Size of Sensitivity of
Base Number Sample, g Weighing. 9. _. -
Mew or Light Oils ;
00t 3.0 200 x 20 0.05
Gver 3.0 1o 25.0 2002 0.01
Qver 250 to 250.0 0.2 * 0.02 0.001
Used or Dark-Colored Cils
0.0 10 25.0 20x02 0.01
Cver 25 t0 250.0 0.2 * 0.02 004

-

A Light-colored samples of low acid number permit the use of 20-g samples o ;
cbtain more precise results. The sample size for dark-colored oits is limiled to e ;
quantity specified to minimize possible interference by the dark color.

G e
sltal




th the

Note
X o
-igol._
xide
-ange
int is
color
1 fwo

in 92
tofa
& flask
‘hange
tration

npend-

section

of the
dding

d im-

of the

oraine

ample
afor s

ﬂ!dded (9:1), carry out the titration as described in 9.2, but use
0.1 M HCl and titrate wiitil the green~brown color changes 1o

piange.
102 Blank—Perform a blank tnrauon as d1rected in9, 3

11 Procedure t‘or Strong Acld Number

.1 Introduce apprommately 25 g of a representat:lve
samplc, weighed to the nearest 0,1 g, into a 250-mL separatory
funnel and add 100 mL of boiling water. Shake vigorously and
driin the water phase, after separation; into a' 500-mL casse-
ro’ie_ ‘Extract the sample twice more with S0-mL portions of
boiling water, adding both extracts to the casserole. To the
combined extracts add 0.1 mL of methyl orange indicator
soluuon and, if the solution becomes pink or red, titrate with
0‘1'1 M KOH solution until the.solution becomes golden brown
in-color. If the initial color is not pink or red, report the strong

acid number as zero. (See Note 15.)

: 1.2 Blank—Inio a 250-mL Erlenmeyer flask, introduce 2(}0
mL of the same boiling water as used for the sample titration.
Add 0.1 mL of methyl orange indicator solution. If the

indicator color is yellow-orange, titrate with 0.1 M HCI to the

same depth and shape of color obtained in the titration of the

sample If the indicator color is pink or red, titrate with 0.1 M-

KOH solution to the same end point as that used in the sample
utratlon

12; ‘Quallty ‘Control Checks -

gy Confirm the performancc of the eqmpment or the
procedure each’ day it is in use, by anafyzing a quatity control
(QC} sdmple. It is advisable to analyze additional QC samples
asappropiiate, such ds at the-end of a Batch of samples or after
afixed number of samples to ensure the quality of the results.
ﬁmalyms of results from these QC samples can be carried out
using.control chart techniques.® When the result of a test on a
QCrsample exceeds the control limits of the laboratory,
mlrectlve action, such as instrument recalibration ‘may be
required. ' An ample supply of QC sample material shall be
available for the intended period of use, and shall be homoge-
Ileous and stable under ‘the anticipated storage conditions. If
poskible,” the QC ‘sampleshall be representative of samples
typically analyzed and the average value and ¢ontrol limits of
the QC sample shall be determained prior to monitoring the
leasurements process. The precision for the QC sample must

be compared against' that. given in the Precision and Bias -

section of this test method in order to venfy that the 1n<;tmment
is funcnonmg correctly.., .

N ‘lG—Because the acid and base nuigbers can vary while the QC
sample is in storage, when an ouf-of-control sitnation anses thc stablhty
of the QC sample can be a source of the error,

Calculate the aad number as follows _ R
Acid number, mg of KOH/g = [{A — B)M X 36.11/W -~ (D)

‘Manuﬁi on ' PréSentation of Datl Control Chart Andlysis, Section 3 Control
for Individuals, ASTM MNL 7, 6th ed., ASTM Inlernational, 1990.
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where: : ' ' o '

A = KOH solution requ:red for titration of the samplo
9.2), mL,

B = KOH solution required for titration of the blank (9.3),
mlL, :

M = molarity of the KOH solution, and

W = sample used, g.

13.2 Calculate the strong-acid number as fo]]ow‘;
13.2.1 If the blank- titration is rnade with acid: .
Strong —acid number, mg of KOH/g = [(CM + D) X 56.1YW

where:

¢ = KOH solution requircd to titrate the ‘water extract
(11.1), mL,

M = molarity of KOH solution,

I = HCI solution required to titrate the blank solution

(11.2), mi,
m molarity of the HCI solution, and
W = sample used, g.
*13.2.2 H the blank titration is made with base;
Swong—acid number, mg of KOH/g = IC— DM X 561/W (4

1l

where:
.G~ = KOH solution required to titrate the water extract
(11.1), mL,
D . = KOH solution required to titrate the blank solution
. (11.2), mL,
M = molarity of the KOH solunon and
W = sample used, g.

13 3 Calculate the base number as followa _ .
' base number, g of KOH/g. = [(Em + FM) X 56. W o

where ' '

E = HC soluuon reqmred for t1trdt10n of the samp]e

" (Section 10), mL,

= molarity of the HCI solution, - ' -

= KOH requu-ed for tltl‘&ll()n of the ac1d numbor blank
mola.nty of the KOH soluﬂon, and

sample used, g. :

14. Report

CH41 Report the result as ac1d number, strong acid number,
or base number as follows:
Acid pumber (D 974) = (resuit)
Strong acid member (D 9743 = (result}
Base number D 974) = (rcsult]

15.. Prec:sron and Bias

15.1 Precision—This precision section applies only to pew,
light-colored, straight mineral oils and new and used inhibited
steam turbine oils, Insufficient data are avallable on other oils
coming within the scope of this test method so that no precision
is given for such oils,

- 13.1.1; Repeatability—The difference between two test re-
sults, obtamed by the same operator with-the same apparatus
under constant operating conditions on identical test-material,
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would in the long run, in the normal and correct operation of
the test method, exceed the following values only in one case

in twenty:
Acid Base Nurmnber Repeatatiility
0.00 to 0.1 0.03
Oivar 0.1 to 0.5 0.05
Over 0510 1.0 0.08
Over1.0t0 2.0 .12

15.1.2 Reproducibility—The difference between two single
and independent results obtained by different operators work-
ing in different laboratories on identical test material would, in
the long mun, in the normal and correct operation of the test
method, exceed the following values only in ome case in
twenty:

Acid Base Mumber

Reproducibiiity
0.00 10 0.1 0.04
Over .1 to 0.5 ’ Q.08

Over 0.510 2.0 15 % of the neutralization

numnber level

Notg 17—These precision values do not apply fo oils that are so highiy -
colored as to obscure the cnd point color change. _

Nerz 18—For precision applicable to electrical insulating liquids, ref, -
to Guide Iy 117.

Note 19—The precision statewments were based on the use of mans)
burets only. The user is cautioned that the precision statements may o
may not be applicable to sitrations performed with the use of automateg
burets, since no interfaboratory study has been conducted to date ¢
statistically cvalnate results determined by both technigues.

15.2 Bias—The procedures in this test method have no bigg
because the acid and base values can be defined only in the
terms of the test method.

16. Keywords

16.1 acid nurnber; base numbesr; color indication titration;
petroleumn products

ANNEXES

{(Mandatory Infermation)

Al. SPECIFICATIONS FOR p-NAPHTHOLBENZEIN

Al.l p-Naphtholbenzein shall conform to the following
requirements:

All.1l Appearance—Red amorphous powder.

Al.12 Chlorides—I ess than 0.5 %.

Al11.3 Solubility—Ten grams shall dissolve completely in 1
L of titration solvent (see A2.7.3).

Al.L4 Minimum Abserbance—Exactly 0.1000 g of sample
is dissolved in 250 ml. of methanol. (Warning—Flammable.
Vapor harmful, Can be fatal or cause blindness if swallowed or
inhaled. Cannot be made nonpoisonous.) Five millilitres of this
solution is made up to 100 mE with pH 12 buffer. This final
ditution should have a minimum absorbance of 1.20 when read
at the 650-nm peak vsing a Beckman DU or alternative type
spectrophotometer, 1-cm cells, and water as the blank.

ALLS pH Range:

Al.1.5.1 Indicator tumns to the first clear green at a relative
pH of 11 * 0.5 when tested by the method for pHr range of
p-naphtholbenzein indicator as described in Note A2.1,

Al1.1.5.2 Requires not more than 0.5 mL of 0.01 M KCH
solution above that for blark to bring indicator solutien to the
first clear green. .

Al1.1.5.3 Requires not more than 1.0 mL of 0.01 A KOH
solution abave that for blank to bring indicator solation to a
blue color.

Al.1.5.4 Intal pHr of indicator solution is at least as high
ag that of the blank,

Al1.1.5.5 Buffer is made by mixing 50 mL of 0.05 M
diabasic sodiwm phosphate solution with 26.9 mL of 0.1 M
sodium hydroxide selution.

A2, TEST METHOD FOR DETERMENING pHr RANGE OF p-NAPHTHOLBENZEIN INDICATOR

A21 Scope

A2.1.1 This test method is intended for determining the
acceptability of p-naphtholbenzein indicator for use in Test
Method D 974 with regard to color change over a pHr range.

A2.2. Terminology

A22.1 Definitions of Terms Specific to This Standard:

A2.2.1.1 pHr, n—an arbitrary term which expresses the
relative hydrogen ion activity in the toluene-isopropanol-water
medium. :

A22.11.1 --'Discz_tssion—'Fdr the purpose of this test method,
the pHr acidity scale:is defined by two standard buffer solutions

which: ha.Ve beendemgnatedpl—lr 4 and pHI 11. The exact

relation between pHr and the true pH of a toluene-isopropanol-
waiter solution is not known and cannot be readily determined.

A2.3 Summary of Test Method

A2.3.1 A prescribed amount of indicator is titrated electro-
metrically through the various color changes with alcoholic
(Warning—Flammable) potassium hydroxide and results plot-
ted against meter readings converted to pHr units.

A2.4 Significance and Use

AZ2.4.1 This procedure is used to establish the pHr vatues of
the various color changes of the p-naphtholbenzein indicator.




oter, Glass Elecirode, Calomel Electrode, Stirrer,
Stand, as spec1ﬁed in the Appardtus section of Test

" Reagent grade chemicals shall be used in all tests.
therwxsc indicated, it is intended that all reagents shall
to the specifications of the Committee on Analytical

ns are available.* Other grades may be used; pro-
it is first ascertained that the reagent is of sufficiently
to permit ifs use without lessemng the accuracy of

)L—Prepafe, store, and standardizé in accordance with
ethod D 644.

2 Hydrochloric Acid Selution, Standard Alcoholic (0.2
epare and standardize in accordance with Test Method

3 Titration Solvent—Add 500 mL of toluene and 5 mL
vater to 495 mL of anhydrous isopropyl alcohol (2-
ol). The titration solvent should be made up in large
ines.

274 Acidic Buffer Solution (pHr = 4.0)—Prepare a stock
n in accordance with Test Method D 664, Add 10 mL of
er stock solution to 100 mL of titration solvent. Use the
ted solution within 1 h.

2.7.5 Alkaline Buffer Solution (pHr = 11.0)—Prepare a
olution in accordance with Test Method D 664. Add 10
of bufter stock solution to 100 mL of titration solvent Use
€ diluted solution within 1 h.

_32.?.6 Potassium Chloride Electrolyte—Prepare a satu-
ted solution of potassium chloride (KCI) in water.

305 M 1.7 Naphtholbenzein Indicator Solution—FPrepare as de-
01 M sctibed in 7.6, oo
. 'A2.8 Preparation of Electrode System

“A28.1 Prepare the electrode system in accordance with
Section 8, Preparation of the Electrode System, of Test Method
D 664,

opanol-|
rmined § A2.9 Standardization of Apparatus
A2.8.1 Prior to each test or series of tests, set the meter to
Tead on the pH scale, insert the electrodes into a beaker
electro- containing the acidic nonaqueous buffer solution at a tempera-
coholic | e of 25 * 2°C, and stir the solution vigorously. When the pH
its plot- meter reading becomes constant adjust the asymmetry potential
dial of the instrument so that the meter reads 4.0.

A292 Remove the acidic buffer, clean the electrodes, and
immerse them in water for several minutes. Dry the electrodes
and insert them in a beaker containing alkaline nonaqueous

tlues of
Jicator.

s of the .American. Chemical Society, where. such -
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buffer solution at 25 * 2°C. When the pH meier reading has
become. steady, record the exact value. If the reading is within
0.2 pH units of 11.0, the imtial acidity, pHr, of unknown
- solutions may be read directly from the dial of the meter. If the
-readlng is .not within 0.2 units of 11.0, prepare a cotrection
graph as shown in Fig. A2.1. Use this graph to convert pH
meter readmgs to lnltlal ac:1d1ty, pl-[r

A2.10 Procedure

A2.10.1 Titrate 100 mL of titration solvent (Warmng—-
*Flammabley with 0.01 M KOH' solutlcm until the meter
indicates a pHr | between 13 dand 14,
A2.10.2 Add 0.5 mL of indicator solution to a fresh portion
- of titration solvent, and after cleaning the electrodes titrate with
001 M KOH solutiof unnl the meter mdlcatcs a pHr between
_13 and 14"
-A2.103" Durmg the:. tltratlon p]ot the volume of titrant
against the pHr or meter reading and note on the curve the
_vanous color changes at the- correspondmg ‘pHr values.

© Note A2 1—The fo]lawmg cotor change.s in arder are intended as a
guide:

Amber to olive green

Olive green to clear green

Clear green. to bluish green

Bluish green to blue

A2.10.4 Plot the blank titration on the same paper used for
the indicator.

A2.11 Calculation

A2.11.1 Subtract the volume of titrant used in the blank
titration from that used for the indicator solution titration at the
same pHr corresponding to the definite color changes between
10 to 12 pHr.

A2.12 Precision and Bias
A2.12.1 Precision—The precision of this procedure has not
been determined, and there are no plans to develop cone.
A2,12.2 Bias—The procedures in this test method have no
bias because the values can only be defined in terms of the test
method.
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FiG. A2.1 Calibration Curve for Conversion of pH Meter Readings

to pHr
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SUMMARY OF CHANGES

Subcomnuttee D02.06 has identified the Jocation of selected changes to this standard since the last issue
® 974~ 021} that may impact t];e use of this standard.

(1) Added new Note 15 ailowing the use of a photometric
detection titrator.

ASTM International takes no position respecting the validity of any patent rights asserled in connection with any item mentioned
in this standard, Users of this standard are expressly advised that determnination of the valiaity of any such patent rights, and the risk
of infingement of such rights, ara entirely thelr own responsibility.

This standard Is subject 1o revision at any time by the responsible lechnical commitiee and must be reviewed every five years ant
if not revised, either reapproved or withdrawn. Your comments are invited aither for revision of this standard or for additional standards
and shotild be addressed lo ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
i responsible technical commitfee, which you may affend. If you leef that your comments have not received a fair hearing you should
! | make yaur vigws kriown to the ASTM Commitlee.on Standards, al the address shown below.

This srandard iz cop]mghted by ASTM international, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 13428-2959,

United States, Individual reprints (single or multiple coples) of this standard may be oblained by contacling ASTM at the above

-address or at §10-832-9585 (phone), 61(-832- 9555 {fax], or service@astm.org te-mnall); or through the ASTM website
it {www.astm.org).
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Designation: D 445 — 04%'

Designation: _71!1!97 _

'Standard Test Method for

An American National Stendard
British Standard 2000: Part 71:1990

- Kinematic Viscosity of Tmneparent and Opaque L:qurds
" (and the Calculation of ‘Dynamic Vlscosﬂy)1

_ 'I‘lns sl:anda.rd is 1ssued imder the ﬁxed de 3 gnal:ton I 445 she number immediately - followmg Lbc des:&mmen mdlca.taes the year . of
original adopuon of, in' the casé of revision, ibe year ‘of last evision. A pumber in parentheses md:cates the year of last neapprova] A
-superscript epq]]on {¢) indicates an editorial: ehange since the last revision or reapproval. :

This siandard has been approved for use by agenc:es of the Depariment of Defense.

2004.

€' Note—Repeatability information that was inadvertently duplicsted in Section 17 was removed editorially -in Noi'efﬁl_aer BEEAT

. 1\. S{:Ope*

1,1 “This test method spemﬁes & procedure for r_he deterrm
nation- of -the -kinemati¢ - ‘viscosity, -, of  liguid: petroleum
products both transparent and opacue, by measuring . the time
for a' volume -of liquid to flow under gravity through a
calibrated glass capillary viscometer. The dynamic viscosity, v,

can be obtained by multiplying the kinematic wscosﬂy v, by

the density, p, of the liquid.

““Noré 1-—Foi'the fréastirernent of the k.memauc viscosity and vmoosnty
of bitumens, see alsa'Test Methods D 2170-and D 2171 :

1.2 The result obtained from this test method is dép'mdeilt'
upon the behavior of the sample and is mtended for application
fo' liquids for which primarily the shear stréss and shear rates
are“propomonal (Neéwtonian flow behavior). If, however, the
viscosity varies sxgmﬁcantly with the tate of shéar,” different
fesiilts may be obtained from viscometers of dlﬁerent capillary
diameters. The procedure and precision values for residual fuel
oﬂs, which under some condmons exl,ublt non-Newtoman
behavior, have been included,

1, 3 The range of kmematlc v1scosmes cavesed by this test

method is ﬁ-om 0 2 to 300 OOQ mmzfs (see Table AI 1) aI all_

deremuned for those matenals lﬂnematlc v1scomty ranges and

!émperamres as shown in the foothotes to the precision section,
1'4 The values stated in SI umts are fo be regarded as the.

standard .
1.5 This standard does not purport ‘to address aIZ o the
scgféry concerns, :f any, as.s‘oc:ated with its use. It if the

r‘esponszbzkty of the user of rhzs standard ro estabhsh appro{

" EThig test method is undér - the jurisdiction 6f ASTM Commitee DOZ" o

l’etmlemn Products and Lubricants and js the direct responmblhty of Subcommities
D¥2.07 on Flow Properties.

Current edition approved May 1, 2004. Published June, 2004. Ongmny'

approved in 19372 ‘Last previous ‘edition approved in 2003 2s D 445483,
¥ I!r the 1P, giis test method is u.uder the Junsdmuon of the Stauda:dlzatlon

priate safety and health practices and determine the applica-
bility of regulatory hmrrarwns pnor to use.

2. Referenced Documents

21 ASZ’M Standards: * . :
D446 ‘Specifications” and Operatmg Inqtmctlons for Glass
". Capillary Kinematic Viscometers: .
: D 1193 Specification. for Reagent Water -
- D 1217 Test Method - for Density ‘and Relative Densny
- (Specific Gravity) of Liquids by Bingham Pycnometer -
:D 1480 ‘Test Method :for: Density :and - Relative- Density
(Specific Gravity) of VlSCGllS Matenals by Bmgham Pye-
nometer S
D 1481 “Test Method for Dens1ty and Relauve Densnty :
-+ + (Specific Gravity) of Viscous Matenals by Llpkm BLCap-
- illary Pycrometer: :
- D2162 Test Method for Basle Cahbratlon of Master sz-
- cometers-and Viscosity Oil Standards S
D 2170 “Fest Method for Kmematlc Vlscos1ty of Asphalts
(Bituimens) e, i
D 2171 Test Method for Viscosxty of Asphalts by Vacuum
© Capillary Viscometer. . -~ -
D 6074 Guide for - Charaeten?mg Hydrocaebon Labneant
" BaseOQils -
D 6617 -Practice for Laboratory B1as Detection Usmg
- Single Test Result from Standard Material-
E1 Specification for ASTM Liquid-in-Glass 'I‘hennometers
E77 Test Method for Inspectlon and Veraﬁcatlon of Ther—
s mometers: . ‘ :
S22 ISO.Srandards..

? ¥or referenced ASTM standards, visit the ASTM website, WS org or
contact ASTM Custother Service at service @astm.org. For Annual Book of ASTM
Standarnds votue information, fefer to the standard’s Doturment Suml:narj,r pﬂge on
the ASTM website. . | s .

3 Available from American Natlonal Standa.rds Institute (ANSI}, 25 W, 43rd 5.,
4th Floor, New York, NY 10036.

. FA ‘A Summarjr of Changes section appears at the end of tlus standard
Oopynght @ ASTM Intemnational, 100 Bafr Harbar Drve, PO Box G700, West Conshohocken, PA 194262059, United States.
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1SO 3104 Petroleum Products—Transparent and Opaque
Liquids—Determination of Kinematic Viscosity and Cal-
culation of Dynamic Viscosity

ISO 3105 Glass Capillary Kinematic Viscometers—
Specification and Operating Instructions

ISO 3696 Water for Analytical Laboratory Use—
Specification and Test Methods

ISO 5725 Accuracy (irueness and precision) of measure- . -

ment methods and résults. o

ISO 9000 Quality Management and Quziliﬁf “Aséiitance

Standards—Guidelines for Selection and Use

ISO 17025 General Requirements for the Competence of °

Testing and Calibration Laboratories |

23 NIST Standards:*

NIST Technical Note 1297, Guideline for Evaluating and
Expressing the Uncertainty of NIST Measurement Results

NIST GMP 11

NIST Special Publication 819
3. Terminology . _ S o

3.1 Definitions of Terms Specific to This Standard: .

3.1.1 automated viscometer, n—apparatis which, in part or
in whole, has mechanized one or more of the procedural steps
indicated in 11 or ‘12 without changing the principle or
technique of the basic manual apparatus. The esseiitial ele-
ments of the apparatus in respect to dimensions, design and
operational characteristics .are not changed. The measured
result from the apparatus does not require correction to bring it
into correlation with. the basic manual apparatus. The precision
of the apparatus shall be of statistical equivalence o, or better
(has less variability) than the manual apparatus. :

3.1.1.1 Discussion—Automated viscometers have the capa-
bility. to .mimic.'some operation of the test method while
reducing or removing the meed for manual intervention or
inteipretation, Apparatus. which-determine kinematic viscosity
by physical techniques that are different than those used in this
test method are not considered to be Automated Viscometers.

3.1.2 density, n—ihe mass per unit volume of a substance at
a_given temperature. o T .

3.1.3 dynamic viscosity, n—the ratio between- the applied
shear stress and rate of shear of a liquid. . - .

' 3.1.3.1 Discussion—It is sometimes called the coefficient of
dynamic viscosity or, simply, viscosity. Thus dynamic viscos-
ity is a measure of the resistance to flow or deformation of a

:3.1.3.2 Discussion—The term dynamic viscosity can also
be used in a different context to denote a frequency-dependent
guantity in which shear stress and shear rate have a sinusodial
time dependence.

3.1.4 kinematic viscosity, n—the resistance to flow of a fiud
under gravity. o . '

3.1.4.1 Discussion—For gravity flow under a given hydro-
static head, the pressure head of a liquid is proportional to its
density, p. For any particular viscometer, the time of flow of a

+ Available from National Instimte of Standards and Technology (NIST), 100
Bureau Dr., Stop 3460, Gaithersburg, MD» 20889-3460. -~ R o

196

fixed volume of Auid is directly proportional to its kinematie
viscosity, v, where v =n/p, and m is the dynamic viscosity
coefficient.

4, Summary of Test Method

4.1 The time is measured for a fixed volume of liquid to
flow under gravity through the capillary of a calibrated
viscometer under a reproducible driving head and at a closely
controlled and known temperature. The kinematic viscosity

" (determined value) is the product of the measured flow time

and the calibration constant of the viscometer. Two such

~ determinations are needed from which (o calculate a kinematic

viscosity result that is the average of two acceptable deter-
mined values.

5. Significance and Usc

5.1 Many petroicurmn products, and some non-petrolenm
materials, are used as lubricants, aud the correct operation of
the equipment depends upon the appropriate viscosity of the
liquid being used. In addition, the viscosity of many petrolenm
fuels is important for the estimation of optimum storage,
handling, and operational conditions. Thus, the accurate deter-
mination of viscosity is essential to many product specifica-
tions.

6. Apparatus

6.1 Viscometers—Use only calibrated viscometers of the
glass capillary type, capable of being used to determine
kinematic viscosity within the limits of the precision given in
the precision section.

6.1.1 Viscometers listed in Table A1.1, whose specifications
meet those given in Specifications D 446 and in IS0 3105 meet
these requirements. It is not intended to restrict this test method
to the use of only those viscometers listed in Table Al .1. Annex
Al gives further gutdance. .

6.1.2 Automated Viscometers—Automated apparatus may
be used as long as they mimic the physical conditions,
operations or processes of the manual apparatus they replace.
Any viscometer, temperature measuring device, temperature
control, temperature controlled bath or timing device incorpo-
fated in the auiomated apparatus shall conform to the specifi-
cation for these components as stated in 6 of this test method.
The automated apparatus shall be capable of determining
kinematic viscosity of a certified viscosity reference standard
within the limits stated in 9.2.1 and Section 17. '

6.2 Viscometer Holders—Use viscometer holders to enable
all viscometers which have the upper meniscus directly above
the Tower meniscus to be suspended vertically within 1° in all
directions. Those viscometers whose upper meniscus is offset
from directly above the lower meniscus shall be suspended
vertically within 0.3° in all directions (see Specifications D 446
and ISO 3105).

6.2.1 Viscometers shall be mounted in the constant tempetd-
turé bath in the same manner as when calibrated and stated 08 .
the certificate of calibration. See Specifications D 446, ¢
Operating Instructions in Annexes Al-A3, For those viscotl
eters which have Tube L (see Specifications D 446) held
vertical, vertical alignment shall be confirmed by using {/} ?




holder ensured to hold Tube L vertical, or (2) a bubble level
meunted on a rod designed to fit into Tube L, or (3) a.plumb.
line suspended from the center of Tube L, or (¢) other internal
means of support provided in-thé constant. temperature bath.

‘,i;:é_:3 <Temperature-Controlled Bath-—Use a transparent liquid

natic §
0sity

ud to

path-of sufficient depth such, that at no time during the

wated § measurement. of flow time, any portion of the sample in the

osely - viscometer is less than 20 mm below the surface-of the bath
osity B liquid-or.less than 20 mm above thic bottom of the bath. -

time § - 6.3:1 Temperature..Control—For cach series of: flow time

such | measurements, the temperature control of the bath liquid shall
matic | be:such-that within the range from-15 to 100°C, the tempera-
deter. § toie:of the bath medium does not vary by moré than +0.02°C
of the-selected .temperature. over the length of the viscometer,
 of between the position of each viscometer; or at the location of
§ the thermometer. For temperatures ‘outside this range, the
§ deviation from the :desired - temperature mist 1ot exteed

Meam +Q O/SDC

1on of § Temperature Measunng Dewce in rhe Range fmm 0 to

of the § —Use :either calibratéd liquid-in-glass thermometers

oleum § (Am;ex A2) of an accuracy after correction of 0.02°C.or

orage, bptter, of any,other thermometric device of. equal or.better

d_et““ acciiracy.

cifica’ 6.4.1 Ifcahbrated liquid-in-glass thermometers are used the
itée of two thermometérs is recommended 'I‘he two thermom—
eifs shall agree within 0.04°C. - '

6.4.2 Outside the range from 0 to 100°C use eithier ‘cali
of the brated hquld-m-glass thermometers of an'4ccuracy -after cor-
zrmine | rection of +0.05°C or better; or any other: thermometric deviee
ivenin§ of &quial or better 4 accuracy. When two témperatuie measuring

devrces are used m the saine- bath they shall agree wu:hm
catxons =01 e
S meet § 9643 When usitigr hqu:ld-m gléw, thermometers, such a8
nethod__ those in Table A2.1;-use “a ‘magnifying “device t6-read the
Annex | thermometer'to the nearest ¥5 divisién (for examplé; 0.01°C or
.. | 002°F) “to’ enstiré that 'the -required test temperature and
15 may te]hperature control - capabdmes are et (see” 10.1). It is
ditions, § febofrimended that thermometes readings (and any ‘correctiois
eplace. § supplied on the certificates of calibrations for ‘the - therinomn-
rerature § etefs) be ‘recorded’on a penodrc basis to demonstrate comph—
acorpe-§ ance-ith the. test ‘method reqmrements ‘This information: can
specifi-F be quite useful, especm]ly when investigating i issues or causes-’
nethod § relating to testing aceuracy and precision, .
muaningd 6.5 Timing Device—Use any timing device thal is capable
tandardl of:faking readings' with-a discrimination™sf 0:1's or bette; and
hias an dceuracy within +0:07 % (seeAnnex A3) of the'reading
» enable} when tested over. the rmmmum and maxlmum mtervals of
y above eﬂpécted flow times. - :
1° in al} “6i5:1 Electrical : ummg de\nces may be used if the currefit
is offsel} fiequency is: ‘controlled to an’ accuracy of 0.05 % or better.
spended} Alternating currents, ‘4s provided by some public power sy
s D 446 terys; - are ‘intérmittenitly rather- than ‘continnously - contrelled;
When used to actuate electrical:timing devices, such control
empera | Citi-Cagse large errors in- kmemauc VISCOSIty ﬁow tinie’ mea-
tated on smements R :
146, secf 7 R
viscorm- eagents and Materlals _ : L .
16} heldl ' 1.1 :Chromic: Acid- Cleanmg Sofurzon of a nonchromrum~
ng (I) sfContaining, strongly: oxidizing - adid - cleaning - solution.

4¥ D 445 - 04

(Warning—Chromic “acid is a health hazard. Tt is toxic, a
recognized carcinogen, highly comosive,. and potentially haz-
ardous incontact with organic materials. If. used, wear, a.full
face-shield and fill-length protective clothing. including suit-
able gloves. Avoid breathing vapor. Dispose of used ‘chromic
acid carefully as it remains hazardous. Nonchromium-
containing, strongly oxidizing acid cleaning solutions are also
highly comosive and potentially hazardous ‘in contact with
organic materals, but do not contam chromtum wh1ch has
special disposal problems.)

1.2 Sample Solvent, completely miscible with the sample
Filter before use.

.. 7.2.1.For most samples a. volatrle petroleum spmt or. naph—
tha is suitable. For 1esidual fuels 4 prewash with an aromatic
solvent such as toluene.or xylene may be necessary to remove
asphaltenic material. : :

7.3 Drying Solvent, a volatlle solvent mlsc1blc wrth the
sample solvent (see 7.2) and water (see 7.4). Filter before use,

7.3.1 Acetone is - suit.ab]e (Wammg—-——Extremely ﬁam-
mable )., .

7.4 Warer detomzed or drstrlled and confomung to Specl—

fication D 1193 or Grade 3 of ISO 3696. ,Fllter before use.

8. Certified Viscosity Reference Standards

8.1 Certified viscosity reference standards shall be certified
by a laboratory that has beeii shown to meet ‘the require énts
of ISO 17025 by" mdepcndent asséssmient. “Viscosity standards
shall be traceable to master viscometer procedures described in
Test Method D 2162.

‘82 The uncertamty “of . the certlﬁed \dscosrty reference
standard shall ‘be stated for’ each ccmﬁed value (k 2 95%
conﬁdence) See ISO° 5725 or NIST 129? . o

9. Cahbratron and Vcnﬁcatlon )

9 1 Vscometers—Use on]y cahbrated wscometers, ther~
mometers, and. timers .as descrlbed in.Section 6. .

9.2 Certified Viscosity Reference Standards (Table Al 2)—
These are for use as confirmatory. checks.on the procedure in
the laboratory _

9.2.1 If the determmed kmemauc v1scos1ty does not agree
within the acceptable tolerance band, as calculated from Annex
Ad, of the. certified value, recheck each step in the procedure,
mcIuchng thennometer and mcometer callbratlon, to locate the.
source of efror. Annex Al gives { detaﬂs of standards avallable .

--Notm 2--In; .pneuous issucs of Test Method D 445, limits of iO:SS% of
the certified value have been used. The data to support the limit of
#0.35% cannot be verified. Annex: A4 provides instructiois on how to
determine the tolerance- band. The tolerance band combines: hoth the
uncertamty of the oertiﬁed v1scos1ly reference standard -as well as the
unicertairity of the laboratory “using the certified, \nscosuy 'reference
standard

9. 2 1. 1 As an altemative to the calculatlon in Annex A4 the
approxunate tolcrance bands in Table 1 may be used

ey, B

Fhe’ TM Viscosdy Oﬂ Standa.rt]s are avmlablc in I~pt ({] 47 L) conta.mers

Purchase itdérs should be adiressed to tHe Caninor Tnstrosnent Co', PO} Box 16
State College, PA 16804 Shipment will be-made. as specified or by best Teans.
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TABLE 1 Approximate Tolerance Bands

‘Nots—The tolérance bands were determined using Practioe D 6617,
The calculation is documenited in Research Report: DO2-1490.

; Vlscosrty of Reference Matenal mrnzfs

 Tolerance Band

<10 £0.30%
4010 100 *0.32%
100 to 1000 £0,36% .
-1000 10 10 000 +0.42%
10 000 to 100 000 +0,54%
> 100 000

+0.73%: -

922 The most common sources of error-are caused by
particles of dust lodged in the capillary bore and temperature
measurement errors. It must be appreciated that a correct result
obtained on a'standard oil does not preclude the possibility of
a counterbalancmg combination of the possible sources of
error.

‘93 The calibration constant, C;- is dependent upon the
gravitational acceleration at the place of calibration and this
must, therefore, be supplied by the standardization laboratory
together with thé instrument constant. Where the acceleration

of gravity, g, differs by more that 0.1 %, correct the calibration

constant as follows: o
TGl xG W

where the subscripts 1 and 2 indicate, respectively, the

standardlzatlon 1aboralory and the testing Iaboratory

10. General Procedure for Kinematic V'scos1ty

10.1. Adjust and maintaim the viscometer bath at the required
test temperatire within the limits given in 6.3.1 taking account
of the conditions given in Annex A2 and of the corrections
supplied on the certificates of calibration for the thermometers.

10.1.1 Thermometers shall be held in an upright position
under the same conditions of i immersion as when calibrated.

10.1.2 In order to obtain the most reliable temperature
meastirement, it is recommended that two thermometers with
valid calibration cettificates be used (see 6.4).

10.1.3 ‘They should be viewed with a lens assembly giving
approximately five times magmﬁcat:lon and be arranged to
climinate parallax erross.

10.2 Select a ‘clean, dry, calibrated viscometer having a
range covering the- estimated kinematic viscosity {that is, a
wide capillary for a“veiy viscous liquid and a narrower
capillary for a more fluid liquid). The flow time shall not be
less than 200 s or the longer. time noted in Speelﬁcatmns
D 446.

10.2.1. The speCIﬁc detalls of eperauon vary for the d1fferent

types of viscometers listed in Table Al.l. The operatmg'

instructions for the different types of viscometers are’ g—wen in
Specifications D 446,

10.2.2 When the test temperature is below the dew pomt fill
the viscometer n the normal manner as required in 11.1. To
ensure that moisture does not condense or freeze on the walls
of the capillary, draw the test portion into the working capillary
and timing bulb, place rubber stoppers into the tubes to hold
the test portion in place, and insert the viscometer into the bath.
After insertion, allow the viscometer to reach bath temperature,
and the remove the stoppers. When performing manuat viscos-
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ity determinations, do not use those viscometers which canngy

be removed from the constant temperature bath for ehargmg
the sample portion.

10.2.2.1 The use of loosely packed drying tubes affixed to :

the open ends of the viscometer is permitted, but not required,
If used, the drying tubes shall fit the design of the viscomete;
and not restrict the flow of the sample by pressures created iy
the instrument.

10.2.3 Viscometers used for silicone fiuids, fluorocarbons,

and other liquids which are difficult to remove by the use of 3

cleaning agent, shall be reserved for the exclusive vse of thoge
fluids except during their calibration. Subject such viscometers
to calibration checks at frequent intervals. The solvent wash.

ings from these viscometers shall not be used for the cleaning -

of other viscometers.

11. Procedure for Transparent Liguids

11.1 Charge the viscometer in the manner dictated by the
design of the instrument, this operation being in conformity

with that employed when the instrument was calibrated. If the
sample is thought or known to contain fibers or solid particles,

filter through a 75 pm screen, either prior to or during chargmg :

{see Specifications D 446).

Note 3—To minimize the potential of particles passing through the
filter from aggregating, it is recommended that the time lapse between

filtering and charging be kept to 2 minimum.

11.1.1 In general, the viscometers used for transparent

liquids are of the type listed in Table Al.1, A and B.

11.1.2 With certain products which exhibit gel-like behav-
ior, exercise care that flow time measurements are made at
sufficiently high temperatures for such materials to flow freely,

so that similar kinematic viscosity results are obtained in

viscometers of different capillary diameters.

11.1.3 Allow the charged viscometer to remain in the bath
long enough to reach the test temperature. Where one bath is
used to accommodate several viscometers, never add or with-
draw, or clean a viscometer while any other viscometer is in
use for measuring a flow time.

11.1.4 Because this fime will vary for different instruments, 5

for different temperatures, and for different kinematic viscosi-
ties, establish a safe equilibrium fime by trial.

11.1.4.1 Thirty minutes should be sufficient except for the

highesi kinematic viscosities.

11.1.5 Where the design of the viscometer requires it, adjust 4
the volume of the sample to the mark after the sample has 3

reached temperature equilibrizm.

11.2 Use suction (if the sample contains no volatile con- 3

stituents) or pressure to adjust the head level of the test sample 3
to a position in the capillary arm of the instrument about 7 mi .

above the first timing mark, unless any other value is stated in

the operating instructions for the viscometer. With the sample 3
flowing freely, measure, in seconds to within 0.1 s, the timé ;
required for the meniscus (o pass from the first to the second

timing mark. If this flow time is less than the spec;ﬁed

minimum {(see 10.2), select a viscometer with a capillary of 3_:

smaller diameter and repeat the operation.

11.2.1 Repeat the procedure described in 11.2 to make 3 }

second measurement of flow time. Record both measurements..
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- 11.2.2 From the two measurements of flow time; calcuiate
two determined values of kinematic viscosity, T

-11.2.3 If the two determined values of kinematic viscosity
calculated from the flow time measutements agree within the
stated- determinability figure (see 17.1.1) for the product, use
the -average of these determined: values to calculate; the kine-
matic viscosity result to be.reported. Record, the result. If not

reguired, see 11.1) of the sample unti]. the calculated kinematic
viscosity determinations. agree with the. stated dctcmunabﬂtty

11.2.4 ¥f the material or temperature, or both, 15 not listed in
17.1.1, for-temperatures. between 15 and- 100°C, use:as an
estimate of the detenmnabmty 0.20% and 0.35% for tempera—
tures outside this range, -

12. Procedure for Opaque L:qmds

12.1 For steam-refihed cylinder oils and black lubncatmg
oils, proceed to 12.3 ensuring a thoroughly representative
sample is used. The kinematic viscosity of residual fuel oils
abd stmilar waxy products can be affected by the prewous
thermal history ‘and the following procedure descnbed m
12 1.1-122.2 shalt be followed to minimize’this. =

“12.1.1 In general, the viscometers used for opague’ Ilq_uxds

are of the revérse-flow type listed in Table’ Al 1, C.

12.1.2 Heat in the ongmal container; in an oven, at 60+
2°Cfor 1 h. - -

12.1.3 Thoroughly stir the sample with a %lllfable_; X
sufficient length to reach the bottom of the container. Cnntmue
stirring until there is no‘sludge or wax‘adhering to the'rod.:”

12.1.4 Recap the container tightly and shake vigorously for
1 min 10 complete the mixing.

-12.1.4.1 With samples of a very.waxy natue or onls of hxgh
kmetnauc viscosity, it may be necessary to- mcrease the heating
temperature above 60°C to achieve proper mixing, - The satnple
should be sufficiently fluid for ease of stirring and shaking. -

-+12.2 Immediately. after completing 12.1.4, pour suﬂiment
sample to fill two' vmcometers mto a IOOLmL glass ﬂask and
Ioosely stopper. [

12.2.1 Immerse the ﬁd.{\k n a bath of bollmg water for 30
min.(Warning—Exercise: care as vigorous boil-over can occur
thn opaque liquids' which contam h1gh levels of water are
heated to high temperatures)

--12.2.2 Remove the ﬂask ﬁ'om the bath stopper tlghtly, and
sﬁake for 60 s,

“123" Two déterminationis of the kmemanc viscasity, of the
test material are required. For those viscometers that require a
eomplete eleaning: after each  flow time measurement, two:
viscometers mdy be used. A single' viscometer in which' an
immediate, _repeat flow time measiirement can be made without
Cleamng may also be.used for the two measurements of flow
time ‘and caléulation of kinematic viscosity: Charge- two vis-
tometers in the manner dictated by the design of the ingtru-’
ment. For example, for the cross- arm or the BS U-tube
viscometers for opaque liquids, filter the sample through a
75-pm ﬁlter into two wscometers prevmusly placed in the bath,

repeat the measurements of flow times after a thorough'
cleaning and drying of the viscometers and filtering (where

For samples subjected to heat treatment, use a preheated filter
to prevent the sample coagulating during the filtration, -

12311, '\ﬁscom ters which are charged before bcmg inserted
into the bath may,need to be preheated in.an. gven. prior 10,
chargmg the sample This is to ensure that the sample will not
be cooled below test temperature.

1232 After 10 min, adjust the volume of the sample (where
the design of the viscometer requires) to coincide with-the
filling marks .as-in the viscometer qpeuﬁcatlons (see Spemﬁ—
cations D 446). )

1233 Allow the charged v1sc0metcrs enough time to reach
the test temperature. {see 12.3.1). Wheretone bath is used to
accommodate several viscometers; never add or withdraw, or
¢lean a viscometer while any other viscometer is-in use fcr
measunng flow:time,: : :

+12.4 With the-sample flowing freely, measure i beconds o
within {.1 s, the time required for the advancing ring of centact
to pass from the first timing mark to the second. Record the
meéasurement, _

12.4.1 In the case of samples requiring heat treatinent
described in 12.1 through 12.2.1, complete the measurements
of flow time within:l h of completmg 1222 Record the
measured flow times., - ‘

12.5 Calculate kinematic v15c051ty, v, in mm /s from each
measured flow tire. Regard these as two determmed values of
kmemanc viscosity. -

*12.5.1 Porrésidual fuel oﬁs if the two determmed values of
kinematic viscosity agree within the stated determinability
figure (see 17.1.1), use the average of these determined values
to calculate the kinematic viscosity ‘Fesult’ £ be ‘réported.
Record the result: ¥f the ¢dtculated kinematic -viszosities do not
agree, repeat the measurements of flow.times: after thorough
cleaning and drying of the viscomcters and. ﬁltering «of the:
sample. If the material or temperature, or both, is not hsted n
17.1.1, for temperatures between 15 and 100°C usé ‘as an
estimate of the determinability: 1.0.%; and:1.5 % for tempera-
tures outside this fange; it:must be realized that these materials
can be non-Newtonian, and van'contain solids which can'come
out of solution as the flow tlme is bemg measured

13 Cleanmg of Viscometer'_..“ o

13.1 Between successive determmattons of ]onematlc vis-
cosity, clean the viscometer thoroughly by several rinsings
with the sample:solvent, followed by the drying. solvent (See
7.3). Dry the tube by passing a slow stream of filtered dry-air
through the viscometer for 2 min or until the kast trace of
salvent is removed. - :

- 13.2 Periodically- cle:an the vtscometer w1th the cleamng
solution {Warning—see 7.1), for several hours:to remove
fesidual traces-of organic. deposits, rinse thoroughtly with water
(7.4) and.drying solvent(se¢ 7.3),-and dry with filtered dry air
or a vacoum-line;. Remove any. inorganic deposits by hydro=
chloric acid treatment before the use. of cleaning acid, particu-
]arly if the presence of barium salts is suspected, (Warning—It
is essential that alkaling cleamng solutions ‘are- not used as
changes in the v1scomctcr cdhbratlon can Dccur) '
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14. Calculation .

14.1 Calctilate each of the-determined kinematic viscosity
values, v; and v,, from the measured fiow times, 7; and 5, and
the viscometer constant,” C, by means of the following equa-
tion: - : ’ :

ma=Cotyp N

where: o Lo
v;y = determined kinematic viscosity values for v, and vy,
respectively, mm?/s, S :
C . = calibration constant of the' viscometer, mm’/s?, and

t;, = measured flow times for 7 and £, respectively, s.
Calculate the kinematic viscosity result, v, as an average of v,
and v, (see 11.2.3 and 12.5.1). :

1142 Calculate the dynamic viscosity, n, from the calculated
kinematic viscosity, v, and the density, p; by means of the
following equation: . S

n=wXpX107? ' @

where: : .
n = dynamic viscosity, mPas, -~ B
p = density, kg/m®; at the same temperature used for the
determination of the kinematic viscosity, and

v = kinematic viscosity, mm?/s. o

14.2.1 The density of the sample can be determined at the
test temperature of the kinematic viscosity determination by an
appropriate method such as Test Methods D 1217, D 1480, or

15. Expression of Results | __
15.1 Report the fest results for the kinematic or dynamic

viscosity, or both, to four significant figires, together with the
test temperature. : o :

16. Report = Y .

16.1 Report the following information: - L

16.1.1. Type and identification of the product tested, .

16.1.2 Reference to this test method or a corresponding
international standard,: o S i

16.1.3 Result of the test (see Section 15), _

16.1.4 Any deviation, by agreement of otherwise, from the
procedure specified, o : '

16.1.5 Date of the tesi,; and S :

'16.1.6 Name and address of the test laboratory.
17. Precision . . :

17.1 Comparison of Determined Values: - .~

17.1.1 Determinability (d)—The difference between succes-
sive determined values obtained by the same operator in the
same laboratory using the same apparatus for a series of
operations leading to a single result, would in the-long run, in
the normal and correct operation of this test method, exceed the
values.indicated only in one-case in twenty:. B

Base bils at 40 and 100°G® 00020 ¥ {0.20 %)
Fosmutated oils at 40 and 106°C7 . 00013y (013 %)
Formulated oils at 150°C® - 0015y {1.5%)
Petroleum wax at 100°C® 0.0080y {0.B0 %)
Residuai fuel oils at 80 and 100°C™ 0.0M {y+8)

Residual fuel oils at 50°C1° 0.017 y (1.7 %)
Additives at 100°C" 0.00106 y**. :

Gas oils at 40°C*?
Jet fuels at —20°C"™

00013 (y+1)

00018 y (0.18 %)

where: y is the average of determined values being com-
pared.

17.2 Comparison of Resuits:

17.2.1 Repeatability { r—The differcnce between succes-
sive results obtained by the same operator in the same
laboratory with the same apparatas under constant operating
conditions on identical test material would, in the long run, in
the normal and correct operation of this test method, exceed the
values indicated only in one case in twenty:

Base voiis & 40 and 100°C* 0.0011 % (0,11 %)
Fornulated olls at 40 and 1060°C7 0.0026 x {0.26 %)
Fomulated oils at 150°C* 0.0056 x {0.56 %)
Petroleurn wax at 100°C® 0.0141 x'2

Residual fuel oils at 80 and 100°G'® 0.013 (x + 8)

Residuat oiis at 50°C*'® 0.015 x (1.5 %)
Additives at 100°C™ 0.00192 X"’

Gas oils at 40°C** 0.0043 (x+1)

Jet fusls at —20°CH2 0.007 x (0.7 %)

where: x is the average of results being compared.

17.2.2 Reproducibility (R)—The difference between two
single and independent results obtained by different operators
working in different laboratories on nominally identical fest
material would, in the long run, in the normal and correct
operation of this test method, exceed the values indicated
below only in one case in twenty.

Base oils at 40 and 100°C® Q.0065 x (0.65 %)
Formutated oils at 40 and 106°C7 0.0076 x {0.76 %)
Formulated oils at 450°C® 0.018 x {1.8 %)
Petroleurn wax at 100°C? 0.0266 x*2

Residual fuel oils at 80 and 100°C*® 0.04 (x + 8)

& These precision values were obtained by statistical examination of intetlabo-
ratory results from six mineral oils {base oils without additive package) in the range
from & to 1005 mm¥s at 40°C and from 2 to 43 mm’/s &t 100°C, and were first
published in 1989. Precision data available from ASTM Headquarters. Requesl
RR:DO02-1331 and RR:D02-1132. See Guide D 6074.

7 These precision values were obtained by statistical examination of interlabo-
ratory results from seven fully formulated engine oils in the range from 36 to 340
mms at 40°C and from 6 to 25 min’/s at 100°C, and were first published in 1991.
Precision data available from ASTM Headquarters. Request RR:D02-1332. See
Guide D 6071.

* These precision values were obtained by statistical examination of interlabo-
ratory results for eight fully formulated engine oils in the range from 7 to 19 s
at 150°C, and first published in 1991, Precision data available from ASTM
Headquarters. Request RR:D02-1333. See Guide D 6074.

% These precision values were obtained by statistical examinaticz, of inteslabo-
gatory results from five petrolenm waxes in the range from 3 to 16 mm?/s at 100°C,
and were first published in 1588. Precision data available from ASTM Headqurters.
Request RR:DO2-1334.

0 These precision values were obtained by statistical examination of interlabo-
ratory results fcom fourteen residual fuel oils in the range from 30 to 1300 mn’s
2t S0°C and from 5 to 170 mm?s at 80 and 100°C, and were first published in 1984
Precision data available from ASTM Headquarters. Request RR:PD02-1198.

11 These precision values were obtained by statistical examénation of intertabo-
ratory results from eight additives in the range from 145 to 1500 mm/s at 100°C
and were first availablc in 1997, Precision data available from ASTM Headquarters.
Request RR:D02-1421. )

2 These precision values were cbtained by statistical examination of interiabo-
ratory results from eight gas oils in the range from 1 to 13 mm?fs at 40°C and wer®
first available in 1997. Precision data available from ASTM Headguarters. Request
RR:D02-1422.

13 Thess precision values were obrained by statistical examination of interlab0-
catory results from nine jet faels in the range from 4.3 to 5.6 /s at- 20°C and
were first available in 1997, Precision data available fror ASTM Headquarter>
Reguest RR:DO2-1420. :
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Residual oifs &t 50°C10 0.074x" " (7 4 %)

Additives at 100°C1! 0.00862 X"\ " e e
Gas oils at 40°C12 0.0082 (x+1) - SRR

Jol fuels at —20°C'® 0.019 % {1.9%)

where: x is the average of results heing compared.

17.3 The precision for used oils has not been determined but:
is expected to be poorer than that for formulated oils. Because
of the extreme variability of such used oils, it is not anticipated

that the precision of used oils will be determined.

174 The precision for specific automated viscometers has
not been determined. However, an analysis has been made of a
large data set including both automated and manunal viscom-

<£IE](}? D 445 - 04°"

eters over the temperature Tange of 40 to 100°C. The repro-

- ducibility of automated viscometer data is not staustlcally

significanily different than the reproducibility of manual vis-

- comieter data. It is also shown that there is no bias of the

automated data in comparison to the manual data.™

18. Keywords

18.1 dynan:uc v;scosﬂy kmematm viscosity; viscometer;
v15c051ty '

" Suppumng data have heen filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR: D02-1498,

ANNEXES

(Mandatory Informatmn)

AI VISCOMETER TYPES AN'D CERT]FIED VISCOSITY REFERFNCE STANDARD::» '

ALl Vlscometer 'Iypes

Al.L1 Table Al.1 lists caplllary viscometers commonly in
use for viscosity determinsdtions on petroleum products. For
specifications, operating instructions, and cahbrahon refer to
specifications in Specifications D 446, '
 AL12 Table Al.2 lists certified viscosity re'_fei;e_i;lee ‘stan-
dards. _ : T o
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TABLE Al Vlseometer 'lypes
" Visgometer tdentification - Kinematic Viscosity Range A mm#/s -
" A, Ostwald Types for Transparent. L|qu1d$

Cannon-Fenske routine® 05 to 204000
Zeitfuchs 08 to 3000
BSAHube® 0.9 to: 10000
BS/UM miniature ) . 0.2 to 100
Cannon- Mannmg semi-micro L. . 04 o 20000
Pinkevitgh® . | s DB to 17000 - -
B Suspended levet Types fef Transparent Liquids .
BSJ’}P!SLB T : . 3.5¢ to 100 00O
BSHPISL{S)B 10510 10000
BSAPMSL 06 to 3000
Ubbelohde® 0.3 "to 100000
FitzSimons 08 to . ¥200°
Atlantic® . . G75te - 5000 -
Cannon- Ubbeluhde(A) Cannon 05 10100000
Ubbelohde dilution®() ~ - Y o -
Cannor-Ubbelohde semi:micro 0410 - 20:000 S
' “ C. Reverss-flow Types for Transparem and' Opaque Liquids
Cannon-Fenske opague 04 to 20000
Zeitfuchs cross-am 0.6 to 100000
BS/IP/RF U-tube reverse-flow 06 1o 300000
Lantz-Zeitfuchs type reverse-flow. : ¥ . -60. .10 100'000

# Each range quoted requires a series of viscometers. To avoid the necessity. of
rnaklng a kinétic energy correction, thése viscometers ars designed for a flew tame
iri éxcess of 200% except where noted in Speciﬂcauoﬁs D 448.

7 ln each of thizse sevies, the minirmum flow time for the visobi etErs with lowest
constants exeeede 200 s,
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TABLE Al.2 Certified Viscosity Reference Standards

Approximate Kinematic Viscosity, m?/s

Designation

S aC o 25°C:  40°C 50°C 80°C 100°C
s8 48 40 2.9 12
86 R R X DU ¢ 1.8
520 44 4 18 3.9
60 170 - 1200 B4 7.2
5200 640 450 180 17
S600 . 2400 1600 520 280 67 22
52000 8700 5600 1700 75
$8000 87 000 23 000 6700
30 000 8% 000 23 000 11 DOG

A2. KINEMATIC VISCOSITY TEST THERMOMETERS

A2.1 Short-Range Specialized Thermometer
A2.1.1 Use a short-range specialized thermometer conform-

ing to the generic specification given in Table AZ2.1 and Table

A2.2 and to one of the designs shown in Fig. A2.1.

A2.1.2 The difference in the designs rests mainly in the |

position of the ice point scale. In Design A, the ice point is
within the scale range, in Design B, the ice point is below the
scale range, and in Design C, the ice point is above the scale
range.” - s

A22 Calibration -

A2.2.1 Use liquid-in-glass thermometers with an accuracy
after correction of 0.02°C or better, calibrated by a laboratory
meeting the requirements of ISO 9000 or ISO 17025, and
carrying certificates confirming that the-calibration is traceable
to a national. standard. As an alternative, use thermometric
devices such &s platinum resistance thermometers, of equal of
better accuracy, with the same certification requirements.

A2.22 The.scale correction of liquid-in-glass thermometers
can change during storage and use, and therefore regular
re-calibration is tequired. This is most conveniently achieved
in a working laboratory by means of a re-calibration of the ice
point, and all of the main. scale corrections altered for the
change seen in the ice point. .

o TAB_|.2 A21 General Specification for 'I'_hé'rmomp'iérs -
" Nore—Table A

y 2 gives a range of ASTM, IF, and ASTM/IP thermom-
etérs that comply. with the specification in Table A2.1, together with their
designated test temperatures. See Specification E 1 and Test Method E 77.

Immersion - Total "
Scale marks:
Subdivisions °C 0.05
Long lines at each °C 0.1fand 05
Numbars st each G
Maximum line width mm 0.10

Scale error at test temperature, max G o
Expansion chamber: :
Permit heating to. °C 105 up to 90, 120 betwsen 90 and 85

130 between 95 and 105, 170 above

165
- Total length mm 300 ta 310
Siem oulside diameter mm 6.0 to 8.0
Bulb length mm 45 1o 55
Bulk citside diameter mm no greater than stem
Length of scale range mm 49 to 90
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TABLE A2.2 Complying Thermometers

Test Tost
Thermometer No. M Thermometer No. Mﬂ
DC DF OC EF
ASTM 1320, 1P 102C 150 ASTM 128C, F/IP 33C a 32
ASTM 110C, FAIP 83C 135 275 ASTM 72C, FiP 67C 178 0D
ASTM 121CAF 32C ag.g, 210, ASTM 127CAP 99C -20 -4
100 212 ASTM 126C, FAP 71C ~26.1 -20
ASTM 129C, FIP 36C 933 200 ASTM 73C, FIP 680 40 40
ASTM 48C, FAP 903G 822 180 ASTM 74C, F/IP 62C -53.9 -85
IP 100G 80
ASTM 47C, FAP 35C 60 140
ASTM 29C, F/IP 34C E4.4 130
ASTM 46C FAP 660 50 122
ASTM 120CAP 92C 44
ASTK 28C, FAP 310 37.8 100
ASTM 118C, F 20 86
ASTM 45C, F/IP 30C 25 77
ASTM 44C, FAP 250 20 68

A2.2.2.1 The interval for ice-point recalibration shail be no
longer than six months (see NIST GMP 11}). For new thermom-
eters, monthly checking for the first six months is recom-
mended. A change of one or more scale divisions in the ice |
point means that the thermometer may have been overheated or
damaged, and it may be out of calibration. Such thermometers
shall be removed from service until inspected, or recalibrated,
or both. A complete recalibration of the thermometer, while
permitted, is not necessary in order to meet the accuracy
ascribed to this design thermometer (see NIST Special Publi-
cation 819). Any change in ice-point correction shall be added
to the other corrections of the original Report of Calibration.

A2.2.2.2 Other thermometric devices, if used, will also
require periodic recalibration. Keep records of all recalibration.

A2.2.3 Procedure for Ice-point Recalibration of Liquid-ir-
glass Thermometers.

A2.2.3.1 Unless otherwise lisied on the certificate of cali
bration, the recalibration of calibrated kinematic viscosity
thermometers requires that the ice-point reading shall be -taken
within 60 min after being at test temperature for not less that
3 min.

A2.232 Select clear pieces of ice, preferably made from
distitled or pure water. Discard any cloudy or unsound por
tions. Rinse the ice with distilled water and shave or crush it
small pieces, avoiding direct contact with the hands or an¥
chemically unclean objects. Fill the Dewar vessel with he
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crushed ice and add sufficient water to form a slush, but not

enough to float the ice. As.the ice melts;:drain.off some of the -
water and add*miore ‘crushed -ice. Insert the ﬂlermometer and -

pack the ice gently about r.he stern, 162’ depth appromrnatclyl

one scale division below the 0°C graduation: - -
A223.3 After atleast 3 min have elapsed, tap the thermom-

eter gently and fepeatedly ‘at ‘right -angles to, ifs axis while
making observations. Successive readings taken atleast 1 min

apart shall agree within 0.005°C.

A2234 Record the ice-point readings and determine the
thermometer correction at this temperature from the mean
teading, If the correction is found to be higher or lower than
that corresponding to a previous calibration, change the cor-
rection at all other temperatures by the same value.

A2.235 During the procedure, apply the following condi-
tons: .

(I} The thermometer shall be supported vertically.
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(Z)Vicw the ﬂiérméiimiér w1th an opﬁééﬂ aid that gives a

: -rnagmﬁcatlon -of appmxlmalcly ﬁve and also ehmmates paral-
_ 1ax

(3) Express the 1ce-pomt readmg to the nearest 0.005°C.
A224 When in use, immerse the thermometric device to

- the same depth as when it was fully calibrated. For example, if

a liquid-in-glass- thermometer was calibrated: at the normal total

* immersion condition, it shalf be nnmcrsed to the top of the

mercury column with the remainder of the stem and the
expansion volume at the uppermest end exposed to rcom
temperature and pressure. In practice, this means that the top of
the mercury column shall be within a length equivalent to four
scale divisions of the surface of the medium whose temperature
is being measured.

A224.1 If this condition cannot be met, then an extra
comection may be necessary.
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A3. TIMER ACCURACY

A3.1 Regularly check timers for accuracy and maintain
records of such checks.

A3.1.1 Time signals as broadcast by the Natiopal Institute
of Standards and Technology are a convenient and primary
standard reference for calibrating timing devices. The follow-
ing can be used to an accuracy of 0.1 s:

25, 5,10, 15, MHz
3.33, 7.335, 14.67 MHz

WWVH Kauai, HI

CHU Ottawa, Canada
A3.1.2 Radio broadcast of voice and audio on a telephone

line at phone 303-499-7111. Additional time services are

available from (he National Institute of Standards and

Technology.

o

WY Fort Collins, CO 25, 5,10, 15, 20 MHz

{ : Ad. CALCULATION OF ACCEPTABLE TOLERANCE ZONE (BAND) TO DETERMINE CONFORMANCE WITH A
' CERTIFIED REFERENCE MATERIAL

A4.3 Calculate the standard error of the accepted reference
value (SEARV) by dividing the CEU by the coverage factar, £,
listed on the supplier's label or inclnded documentation.

i A4.1 Determine the standard deviation for site uncertainty,
@ p» Trom a laboratory quatity control program. '

A4.1.1 f the standard deviation for site uncertainty, o, is
not known, use the value 0.19%.

A4.3.1 If the coverage factor, k, is not known, use the vaiue

2,
Ad.2 Determine the combined extended uncertainty (CEU)

of the accepted reference value (ARV) of the certified reference
material {CRM) from the supplier’s label or included docu-
mentation.

A4.4 Construct the acceptable tolerance zone:

TZ=*144 Ui:’re + Sﬁinv

SUMMARY OF CHANGES

-i Subcommitiee D(2.07 has identiﬁed the location of selected changes to this standard since the last issue
‘ (D 445-03) that may impact the use of this standard.

(3) Added text to 6.3.

| (1) Replaced A2.2.2.1.
H (2) Added text to 12.3,

ASTM International takes no position respecting the validity of any patent rights asserted in connection with arny fem mentioned
i in this standard, Users of this standard are expressly advised that determination of the validity of any such patent rights, and the Hsk
il of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsibls technical committae and must be raviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and shouid be addressed fo ASTM intemational Meadgquarters. Your comments wil receive careful consideration at a meeting of the
responsible technical commitiee, which you may attend. If you feel that your comments have not recaived & fair hearing you shouid
make your Views known fo the ASTM Comrmittee on Standards, at the address showr befow. : :

. This standard is copyrighted by ASTM intemational, 100 Barr Harbor Drive, FO Box C700, West Conshohocken, PA 19428-2958G,
United Stalos. Individual reprints (single or multiple copies) of this standard may be obfained by contacting ASTM af the above .
: . address or at 610-832-9585 (phone), 610-832-9555 (fax), or service @astm.org (e-mafly; or through the ASTM website I
|' P (www.astm.org).
|
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Designation: D 4739 — 02

INTERNATIONAL
INTERNATIONAL

Standard Test Method for

An American National Standard

Base Number Determination by Potentiometric Titr.'.-n'tiorn1

This standard is issued under the fixed designation D 4739; the number immediately Iullowmg the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision. or reapproval.

1. Scope*

1.1 This test method covers a procedure for the determina-
fion of basic constituents in petroleum products and lubricants
(Note 1). The test method resolves these constituents into
groups having weak-base and strong-base ionization proper-
ties, provided the dissociation constants of the more strongly
basic compounds are at least 1000 times lhdt of the next weaker
groups.

1.1.1 This test method covers base numbers up fo 70. While
it can be extended to higher base numbers, the precision of the
test method for base numbers greater than 70 has not been
determined.

Note 1—In new-and used oils, the constituents which can be consid-
ered to have basic properties are: primarily organic and inorganic bases,
including amino compounds, although certain salts of heavy metals, salts
of weak acids, basic salts of polyacidic compounds, and some additives
such as inhibitors or detergents may show basic characteristics.

1.2 This test method can be used to indicate relative changef;
that occur in an oil during use under oxidizing or other service
conditions regardless of the color or other properties of the
resulting oil (Note 3). Although the analysis is made under
closely specified conditions, the method is not intended to, and
does not, result in reported basic properties which can be used
under all service conditions to predict performance of an oil;
for cxample no overall reIahonsmp is known between bearing
corrosion or the control of corrosive wear in the engine and
base number.

Note 2—Test Method D 4739 was developed as an alternative for the
former base number portion of Test Method D 664, Base numbers
obtained by this method may or may not be numerically the same as those
obtained by the former base number portion of Test Method D 664.2

Note 3—A color indicator tifration méthod is also available in the Test
Method D 974 and IP 139. The basé numbers obtained by the potentio-
metric method may or may not be numerically the same as those obtained
by Test Method D 974 or equivalent color indicator methods such as given
in Federal Test Method Std. No. 791b. Potentiometric methods for base
number are also available in Test Method D 2896.

" This test miethod is under the jurisdiction of ASTM Committee D02 on
Petroleum Products and Lubricants ‘and is the direct responsibility of Subcommittee
D02.06 on Analysis of Lubricants.

Current edition approved Dec. 10, 2002. Published February 2003. Ongmally
approv«bd in 1987. Last previous edition approve in 1996 as D 4739-96. '

*The base number portion was last published in the 1981 version.

1.3 The values stated in ST units are to be regarded as the
standard. ' _

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with jis. use. It is the
responsibility of the user of this standard to establish appro-
priate safe:y and health practices and determine the applica-
bility of regulatory . lsmztatmn.s prior to use..

2. Referenced Documents

2.1 ASTM Standards:

D 664 Test Method for Acid Number of Petroleum Products
by Potentiometric Titration® '

D 974 Test Mclhod ‘for Acid and Base Number by Color-
Indicator Titration?

D 1193 Specification for Reagent Waler

D 2896 Test Method for Base Number of Petroleum Prod-
ucts by Potentiometric Perchloric Acid Titration®

2.2 IP Standard:

IP 139 Test Method for Acid Number by Color-Indicator
Titration Method®

2.3, U.S. Federal Test Method:

Federal Test Method Standard No. 791b Lubricants Liquid
Fuels and Related Products; Methods of Testing®

3. Termiholbgy

3.1 Definitions: ;

3.1.1 base numbers, n—the quantlty of acid, expressed in
milligrams of potassium hydroxide per gram of sample that is
required to titrate a sample, dissolved in a specrﬁed solvent to
a specified end point.. _

3.1.1.1 Discussion—In this test method the sa.mple is
titrated to a meter reading corresponding to a freshly prepared
nonaqueous acidic buffer solution.

3.2 Definitions of Terms Specific tc This Standard: _

3.2.1 strong base number, n—the quantity of acid, ex-
pressed in terms of the equivalent number of milligrams of

3 Annual Book of ASTM Standards, Vol 05.01.

* Annual Book of ASTM Standards, Vol 11.01.

5 IP Standards for Petroleurn and Its Products, Part 1. Methods for An.a.lysrs and
Testing.

€ Available from Standardization Documents Order Desk, DODSSP, Bldg. 4,
Section D, 700 Robbins Ave., Philadelphia, PA 19111-5098

*A Summary of Changes section appears at the end of this standard.
Copyright ® ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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potassium hydroxide per gram of sample, that is required to
titrate a sample dissolved in the specified solvent from the
initial meter reading to a meter reading corresponding to a
freshly prepared basic buffer solution.

4. Summary of Test Method

4.1 The sample is dissolved in a mixture of toluene,
propanol-2-ol (isopropyl alcohol), chloroform, and a small
amount of water and titrated potentiometrically with alcoholic
hydrochloric acid solution. The test results of this procedure
are obtained by titration mode of fixed increment and fixed
time additions of the titrant. An endpoint is selected from a
titration curve according to the criteria given in 13.1 and used
to calculate a base number.

5. Significance and Use

5.1 New and used petroleum products can contain basic
constituents that are present as additives or as degradation
products formed during service. The relative amount of these
materials can be determined by titrating with acids. The base
number is a measure of the amount of basic substances in the
oil—always under the conditions of the test. The base number
is used as a guide in the quality control of Iubricating oil
formulations. It is also sometimes used as a measure of
lubricant degradation in service. Any condemning limits must
be empirically established.

6. Apparatus

6.1 Potentiometric Titrimeter, automatic or manual, with
capability of adding fixed increments of titrant at fixed time
intervals (see Annex Al).

6.1.1 The titrimeter must automatically (or manually) con-
trol the rate of addition of titrant as follows: Delivery of titrant
will be incremental; after delivery of precisely a 0.100-mL
increment (see 6.1.2), the delivery is stopped and a fixed time
period of 90 s is allowed to pass before another 0.100-mL
increment of titrant is delivered. This procedure is repeated
until the titration is completed.

6.1.2 The precision of addition of the 0.100-mL increments
of titrant must be =0.001 mL for automatic titrators. For
manual buret, it should be *+0.005 mL. A higher incremental
precision is required for an automatic buret because the total
volume to the end point is summed from the individual
increments, whereas with a manual buret it is read from a scale.

6.2 Glass Indicating Electrode, pH 0 to 14, general purpose.

6.3 Reference Electrode, Silver/Silver Chloride (Ag/AgCl)
reference electrode, filled with 1 M - 3 M LiCl in ethanol.

Note 4—Certain alternative electrode-electrolyte combinations have
been found to give satisfactory results although the precision using these
alternatives has not been determined. Combination electrodes may be used
provided they conform to 8.3 and have a sufficient fast response time.

6.4 Stirrer, Buret, Stand, Titration Vessel, as specified in

Annex Al are required. A typical cell assembly is shown in Fig.
1.

7. Reagents

7.1 Buffer, Nonaqueous Acid—Add 10 mL of buffer stock

solution A (see 7.3) to 100 mL of titration solvent. Use within
1h.

778

Lead for st
Reference | \ )
Electrode . 7 § Shielded Lead
for Glass
N Electrode
Beaker Cap
™ (Inert Material)
|
) o . Glass Electrode, C
| (Internally Shielded)
Buret Tip | I
(In Front of Stirrer) [

i
Reference Electrode, B ——= — Beaker, 4
H :
Sleeve with Groqnd - 'I : Propeller Stirrer, D
Glass Contact Joint - L (in Back of Buret Tip)

—

FIG. 1 Cell for Potentiometric Titration

7.2 Buffer, Nonaqueous Base—Add 10 mL of buffer stock
solution B (see 7.4) to 100 mL of titration solvent. Use within
1 h.

7.3 Buffer Stock Selution A—Accurately weigh 24.2 * (.1
g of 2,4 6-trimethyl pyridine (y-collidine), and transfer to a 1-L
volumetric flask containing 100 mL of anhydrous isopropyl
alcohol. Using a 250-mL graduated cylinder, add to the flask,
while continuously stirring its contents, 150/Ny*= 5 mL of
0.2 M alcoholic HC1 solution (N, being the exact molarity of
the HCI solution found by standardization). Dilute to the
1000-mL mark with anhydrous isopropyl alcohol, and mix
thoroughly. Use within 2 weeks.

7.4 Buffer Stock Solution B—Accurately weigh 27.8 % 0.1
g of m-nitrophenol and transfer to a 1-L volumetric flask
containing 100 mL of anhydrous isopropyl alcohol. Using a
250-mL graduated cylinder, add to the flask while continuously
stirring its contents, 50/Nggu* 1 mL of 0.2 M alcoholic KOH
solution. (Ngey being the exact molarity of the KOH solution
found by standardization). Dilute to the 1000-mL mark with
anhydrous isopropyl alcohol and mix thoroughly. Use within 2
weeks. '

7.5 Chloroform, reagent grade. (Warning—Toxic and sus-
pected carcinogen.)

7.6 Chromic Acid Solution—(Warning—Causes severe
burns. Recognized carcinogen. Strong oxidizer.)

7.7 Hydrochloric Acid Solution, Standard Alcoholic (0.1
M)—Mix 9 mL of reagent grade hydrochloric acid (HCI, sp g
1.19) (Warning—Toxic and corrosive), with 1 L of anhydrous
isopropyl alcohol. Standardize frequently enough to detect
normality changes of 0.0005 by potentiometric titration of
approximately 8 mL (accurately measured) of the 0.1 M
alcoholic KOH solution diluted with 125 mL CO,-free water.

7.8 Hydrochloric Acid Solution, Standard Alcoholic —(02
M)—Prepare and standardize as described in 7.7, but use 18
mL of HCI (sp gr 1.19) .

7.9 Lithium Chloride Electrolyte—Prepare a saturated solu-
tion of lithium chloride (LiCl) in isopropyl alcohol.
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7.10 m-Nitrophenol, NO,CcH,OH, (Warning—Toxic),
(mol weight 139.11), conforming .to the following require-
ments:

Melting point
Color

96 to 97°C
Pale Yellow

7.10.1 Store the reagent in a brown glass bottle:

7.11 Potassium Hydroxide Solution, Standard Alco-
tolic (0.1 M)—Add 6 g of reagent grade potassium hydroxide
(KOH) (Warning—Toxic and corrosive), to approximately 1 L
of anhydrous isopropyl alcohol. Boil gently for 10 min to effect
solution. Allow the solution to stand for 2 days and then filter
the supernatant liquid through a fine sintered- gIass funnel.
Store the solution in a chemically resistant bottle. Dispense in
‘4 manner such that the solution is protected from atmospheric
carbon dioxide (CO,) by means of a guard tube containing
goda lime or soda non-fibrous silicate absorbent (Ascarite,
Carbosorb or Indicarb), and such that it does not come into
contact with cork, rubber, or saponlﬁable stopcock grease.
Standard;ze frequent]y enough to detect normality changes of
00005 by potentiometric titration of weighed quantities of
potaesmrn acid phthalate dissolved in CO,-free water.

112 Potassium Hydroxide Solution, Standard Alcoholic
{02 M)—Prepare, store, and standardize as directed in 7.11,
but use 12 to 13 g of KOH to approximately 1 L of anhydrous
isopropyl alcohol.

i71.13  Propanol-2-ol (Isopropyl Alcohol), Anhydrous, (less
than 0.1 % H,0) (Warning—Flammable). If dry reagent
cannot be procured, dry it by distillation through a multiple
plate column, discarding the first 5 % of material distilling over
and using the 95 % remaining. Also, drying can be accom-
plished using molecular sieves such as: Linde Type 4A, by
passing the solvent upward through a molecular sieve column
using 1 part of molecular sieve per 10 parts of . solvent.
(Warning—It has been reported that, if not inhibited against it,
propanol-2-ol can contain peroxides. When this occurs, an
explosive mixture is possible when the storage vessel or other
equipment such as a dispensing bottle, are near empty and
approaching dryness.)

7.14 Purity of Reagents—Reagent-grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended that
all reagents shall conform to the specifications of the Commit-
tee on Analytical Reagents of the Amerlcan Chemical Society,
where such spemﬁcatlons are available.” Other grades may be
used, provided it is first ascertained that the reagent is of
sufficiently high purity to permit its use without lessening the
accuracy of the determination.

7.14.1 Commercially available solutions may be used in
place of laboratory preparations provided the solutions have
been certified as equivalent.

“7.14.2 Alternate volumes of solutions may be prepared
provided the final solution concentration is equivalent.

T Reagent' Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Saciety, see Analar Standards.for Laboratory
Chemicals, BDH Ltd., Poole, Dorset, UK., and the United States Pharmacopeia
%’Narﬁoml Formulary, U.S. Pharmacopeial Convention, Inc. (USPC), Rockville;
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7.15 Purity of Water—Unless otherwise indicated, refer-
ences to water shall be understood to mean reagent water as
defined by Type III of Specification D 1193,

7.16 Titration Solvent—In a brown reagent bottle, add 30
mL of water'to 1 L of isopropyl alcohol and mix thoroughly.
Add 1 L each of toluene and chloroform-and mix thoroughly.

7.17 Toluene, reagent grade. (Warning—Extremely flam-
mable.)

7.18 2,4,6-Trimethyl Pyridine (y-Collidine), (CH;);CsH,N,
(Warning—Toxic), (mol weight 121.18) conforming to the
following requirements:

Boiling range 168 to 170°C
Refractive index Ny20 1.4982 = 0.0005
Color colorless

7.18.1 Store the reagent over activated alumina and keep it
in a brown glass bottle.

8. Preparation of Electrode System

8.1 Maintenance of Electrodes—Clean the glass electrode
(Note.5) at frequent intervals (not less than once every week
during -continual use) by immersing in cold chromic acid
cleaning solution (Warning—Causes severe burns. Recog-
nized carcinogen. Strong oxidizer). Drain the calomel electrode
at least once each week and refill with fresh LiCl electrolyte as
far as the ﬁlling hole. Make sure that crystallized LiCl is
present in the solution. Maintain the electrolyte level in the
reference electrode above that of the liquid in the titration
beaker at all times. When not in use, immerse the lower halves
of the electrodes in either water (glass) or the LiCl in isopropyl
alcohol electmlytc (reference). Do not allow them to remain
immersed in titration solvent for any appreciable period of time
between titrations. Wh_]lc the electrodes are not extremely
fragile, handle them carefully at all times.

Note 5—Cleaning the electrodes thoroughly, keeping the ground-glass
joint free of foreign materials, and regular testing of the electrodes are
important in obtaining repeatable potentials, since ‘contamination can
introduce uncertain, erratic, and unnoticedble liquid. contact potentials.®
While this is of secondary importance when end points are chosen from
inflection pomts in the titration curve, it is quite serious when end points
are chosen at artibrarily-fixed cell potentials (that is, the nonaqueous
acidic buffer potential):

8.2 Preparation of Electrodes, Before and after using,
blot-dry the glass electrode thoroughly with a clean cloth or a
soft absorbent tissue and rinse’ with water. Wipe the reference
electrode with a cloth or tissue, carefully remove the ground-
glass sieve, and thoroughly wipe both ground surfaces. Replace
the sleeve loosely and allow a few drops of electrolyte to drain
through to flush the ground-glass joint (Note 5). Wet the
ground surfaces thoroughly with' electrolyte, set the sleeve
firmly in place, and rinse the electrode with water.: ‘Prior to each
titration, soak the prcpared electrodes in water for at least 5
min immediately before use and‘touch the tips of the electrodes
with a dry cloth or tissue to remove the excess water.

% For a detailed discussion of the need for care in preparation of the electrodes,
see Lykken, L., Porter, P, Ruliffson, H. D., and Tuemmler, F. D., “Potentiometric
Determination of Acidity in Highly Colored Oils,” Industrial and Engineering
Chemistry, Analytical Edition, IENAA, Vol 16. 1944, pp. 219-234.
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8.3 Testing of Electrodes—Test the meter-electrode combi-
nation (Note 6) when first put into use or when new electrodes
are installed and retest at intervals thereafter by dipping the
electrodes into a well-stirred mixture of 100 mL of the titration
solvent:and 1.0 to 1.5 mL of 0.1 M alcoholic KOH solution.
For the meter-electrode combination to be suitable for use, the
potential between the-electrodes must change by more than
0.480 V from the potential between the same electrodes when
dipped in the nonaqueous acidic buffer solution.

Note 6—Considerably more sensitive electrodes are now available that
will show a potential change of at least 0.590 V under these conditions,
and their use is recommended.

9. Standardization of Apparatus

9.1 Determination of Meter Readings for the Nonaqueous
Buffer Solution Corresponding to Base End Point—To ensure
comparable selection of end points with the meter described
in Al.1.1, determine daily for each electrode pair, the meter
reading obtained with the freshly prepared nonagueous acidic
buffer solution to be used for the’ determination of - base
numbers, “and with ‘the freshly prepared ‘nonaqueous’ basic
buffer solution to be used for the determination of strong base
numbers.

Note 7—The response of different glass electrodes to hydrogen ion
activity is not the same. Therefore, it is necessary to establish regularly for
each elecfrode system the meter readings correspondmg to the acidic and
basic buffer solutions arbitrarily selected to represent the end point.

9 2 Preparc the elecu'odes as described in 8.2, immerse them
in the appropriate nonaqueous buffer solution, and stir for 5
min, maintaining the temperature of the buffer solution at a
temperature within 2°C of that at which the titrations are to be
made. Read the cell voltage.. The readmg so obtained in the
acidic buffer solution is taken'as the end point for the base
number if an inflection is not observed as specified in 12.1, and
the reading obtained in the basic buffer solution is taken as the
end pomt for the strong base number.

10. Preparatlon of Sample of Used Oil
'10.1 Strict observation of the sampling procedure is neces-

sary, since the sediment itself is acidic or basic or has absorbed

acidic or basic material from the sample. Failure to obtain a
representauve sample ncgatcs a meanmgful value obtamed

No'm :8—As used -oils can change appreciably in storage, samplcs
should be tested as soon as possible after removal from the lubricating
system and the dates of sampling and testing shall be noted.

10.2 Heat the sample (Note 9) of used oil to 60. 5°Cin the
original container and agitate the sample until. all of. the
sediment is homogeneously suspended in the oil. If the original
container is a can, or if it is glass and more than three-fourths
full, transfer the entire sample to a clear-glass bottle having a
capacity at least one-third greater than the volume of the
sample. Transfer all traces of sediment from the original
container to the bottle by vigorous agitation of portions of the
sample in the original container.

10.3 After complete suspension of all sediment, strain the
sample or a convenient aliquot through a 150-pm (100-mesh)
screen for the removal of large contaminated particles.

Note 9—When samplcs are visibly free of sediment, the heating
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procedures described can be omitted.

11. Procedure for Base Number and Strong Base
Number

11.1 Calculate the quantity of sample required for jtg
expected base number as follows:

A=TE (l)
where:
A = approximate mass of sample, g and
E = expected base number.

11.1.1 Take a maximum of 5 g and a minimum of 0.1 g for
analysis. The precision of weighing is as follows:

Size of Sample, g
1-5
0.1-1

Precision of Weighing g
0.005
0.002

11.2 Into a 250-mL titration beaker or a suitable titration
vessel, introduce a weighed quantity of sample as prescribed in
11.1.1 and add 125 mL of titration solvent (Note 10). Prepare
the electrodes as directed in 8.2. Place the beaker or titration
vessel on the titration stand and adjust its position so that the
electrodes are about half immersed. Start the stirrer, and stir
throughout the determination at a rate sufficient to produce
vigorous agitation without spattering and without stirring air
into the solution.

Note 10—Some automatic titrators do not accept a beaker size that
contains 125 mL of titration solvent. In such cases, a lesser amount of
solvent in the range from 75 to 100 mL is acceptable.

11.3 Select and fill a suitable buret with the 0.1 M alcoholic .
HCI solution and place the buret in position on the titration
assembly, taking care that the tip is immersed about 25 mm in
the liquid in titration vessel. Record the initial buret and meter
(cell potential) readings.

11.4 Titration—The reaction of the hydrochloric acid with
the basic components is very slow with most titrations for base
number. As a result, these titrations are not at equilibrium.
Because of this, the titration conditions are tightly specified
and must be strictly adhered to in order to achieve the precision
as stated.

Note 11—See Appendix X1 for techniques for reducing the titration
time of a sample. Pre-dosing techniques have been found to provide
satisfactory results although the precision using these techniques has not
been determined.

11.4.1 Whether the titration is carried out manually or
automatically, the following procedure of fixed increment, fixed
time addition of titrant must be followed. Add 0.1 M HCI in
increments of 0.100 mL throughout the titration with a 90-s
pause between each incremental addition. Take millivolt read-
ings at the end of each 90 s interval. Continue as above until 2
potential is reached which is 100 mV past the meter reading
corresponding to that found for the standard acidic buffer
solution (acidic buffer potential). If the volume of titrant
required to reach this potential (100 mV past the acidic buffer
potential) is greater than 4.0 mL, reduce the sample size by
one-half and repeat the titration.

11.4.1.1 The meter readings of potential difference are
plotted manually or automatically against the respective vol-
umes of titrant, and the end point taken as described in 12.1.



4% D 4739 - 02

11.4.2 On completion of the titration, remove the titration
qessel and rinse the electrodes and buret tip with the titration
clvent, then with water, then again with titration solvent.
(Soak electrodes in distilled water for at least 5 min before
wing for another titration.) Store the glass electrode in
jeionized or distilled water and the reference electrode in a

ted solution of LiCl in isopropyl alcohol when not in use
(see 8.1).

11.4.3 Blanks—For each set of samples, make a blank
jration of the same volume of titration solvent used for the
qmple. For the base number blank, add 0.1 M alcoholic HCI
golution in 0.05-mL increments, waiting 90 s between each
jdition, until a potential which is 100 mV past the buffer

tential (see 11.4) is reached. For the strong base number
plank, add titrant under the same conditions until the potential
corresponding to the basic buffer solution is reached.

12. Calculation

12.1 If an inflection (see Note 12) occurs in the potential
region between the acidic buffer potential (see 11.4) and a
point 100 mV past this potential, mark this inflection as the end
point. If no inflection occurs in the above mentioned potential
region, mark as the end point the point on the curve that
corresponds to the acidic buffer: potential. See Fig. 2 for
egxamples of end points.

Note 12—An inflection point is generally recognizable by inspection
whenever at least five successive cell potential changes, A, caused by the
addition of the corresponding five increments of titrant, exhibit a maxi-
mum as illustrated by an example in the following table.

Titrant, mL A, mV
1.8 8.3
1.9 10.7
20 1.3
21 10.0
22 79

The A at the maximum should be at least 5 mV, and the
difference in A between the maximum and both the first and last
A should be at least 2 mV.

Polential, _
mv 100

O Endpoint

P:tu"e' 200
ential L Mg Sl
Eample) Inflection s
Used as Endpoint
—300 Only When it
Oceursin This
00 my 100 mV Window

PLEP, "= m e s e e R e N = - -

—400

0 1 2 3 a
mlof0 1 NHCI
(AfTitration curve has no inflections. Take end point at the buffer potential.

4 E?Tl'rtration curve has inflection within prescribed window. Take infection as the
fd point.

‘(C]Tltration -curve has inflection prior to buffer potential but not in prescribed
Window, Take end point at buffer potential.
FiG, 2 Example Titration Curves to lllustrate Selection of End
Points

12.2 Calculate the base number and strong base number as
follows:

Base number, mg KOH/g = [(A—B) X M X 56.1/W 2)
Strong base number, mg KOH/g = [(CM + Dm) X 56.1/W (3)

where:

A = alcoholic HCI solution, mL, used to titrate the sample
to the end point (nonaqueous acidic buffer or
inflection—see 12.1),

B = alcoholic HCL, mL, used to titrate the solvent blank to

the same potential at which the sample end point

occurs,

molarity of the alcoholic HCI solution,

sample, g,

alcoholic HCI solution, mL, used to titrate the sample

to an end point that occurs at a meter reading corre-

sponding to the nonaqueous basic buffer (see 7.2)

D = alcoholic KOH solution, mL, used to titrate the solvent
blank to the potential corresponding to C, and

m = molarity of the alcoholic KOH solution.

O=ER
T

13. Report

13.1 Report the results as base number, and strong base
number, Test Method D 4739.

14. Quality Control Checks

14.1 confirm the performance of the test procedure by
analyzing a quality control (QC) sample that is, if possible,
representative of the samples typically analyzed.

14.2 Prior to monitoring the measurement process, the user
of the method needs to determine the average value and control
limits of the QC sample.

14.3 Record the QC results and analyze by control charts or
other statistically equivalent technique to ascertain the statis-
tical control status .of the total testing process. Any out of
control data should trigger investigation for root cause(s). The
results of this investigation may, but not necessarily, result in
instrument recalibration.

14.4 The frequency of QC testing is dependent on the
criticality of the quality being measured, the demonstrated
stability -of the testing process, and customer requirement.
Generally, a QC sample should be analyzed each testing day.
The QC frequency should be increased if a large number of
samples are routinely analyzed. However, when it is demon-
strated that the testing is under statistical control, the QC
testing frequency may be reduced.

15. Precision and Bias ?

15.1 Precision—The precision of this test method as deter-
mined by statistical examination of results'on nine samples of
new and used oils run in duplicate by twelve different labora-
tories is as follows:

15.1.1 Base Number:

15.1.1.1 Repeatability—The difference between two test
results, obtained by the same operator with the same apparatus

¥ Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR: D02-1217.
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under constant operating conditions on identical test material,
would, in the long run, in the normal and correct operation of
the test method, exceed the following value only in one case in
twenty:

10.4 % of the mean of the two test results

C))

15.1.1.2 Reproducibility—The difference between two
single and independent results obtained by different operators
working in different laboratories on identical test material,
would, in the long run, in the normal and correct operation of
the test method, exceed the following value only in one case in
twenty:

21.1 % of the mean of the two test results (5)

Note 13—The range of base number values for which the precigig,
values were established was 0.5 to 70.

15.1.2 Strong Base Number—Precision data have not beep
developed for strong base number because of its rare oceyr.
rence.

15.2 Bias—A statement of bias is not applicable since ,
standard reference material for this property is not available,

16. Keywords

16.1 base number; lubricants; petroleum products; potentig-
metric titration

ANNEX

(Mandatory Information)

Al. APPARATUS

Al.1 Apparatus for Manual Titration—Shall consist of the
following:

Al.1.1 Meter—A voltmeter or potentiometer that will op-
erate with an accuracy of =0.005 V and a sensitivity of +0.002
V, over a range of at least £0.5 V, when the meter is used with
the electrodes specified in A1.1.2 and A1.1.3, and when the
resistance between the electrodes falls within the range from
0.2 to 20 M{). The meter shall be protected from stray
electrostatic fields so that no permanent change in the meter
readings over the entire operating range is produced by
touching with a grounded lead (Note A1l.1), any part of the
exposed surface of the glass electrode, the glass electrode lead,
the titration stand, or the meter. A desirable apparatus may
consist of a continuous-reading electronic voltmeter with
specified range, accuracy, and sensitivity, that is designed to
operate on an input of less than 5 X 107'? A when an electrode
system having 1000 M{) resistance is connected across the
meter terminals, and that is provided with a satisfactory
terminal to connect the shielded connection wire from the glass
electrode to the meter without interferences from the presence
of external electrostatic field.

Note Al.1—Grounded or connected to the ground means connected
through a resistance of not more than 100 () to a standard ground potential
such as that of a water-service pipe.

Al.1.2 Glass Electrode—A pencil-type glass electrode (C,
Fig. 1) 125 to 180 mm in length and 8 to 14 mm in diameter.
The body of the electrode shall be made of a chemically
resistant glass tube with a wall thickness of 1 to 3 mm. The end
dipping into the solution shall be closed with a hemisphere of
Corning 015 glass or equivalent sealed on to the electrode tube,
and the radius of this hemisphere shall be about 7 mm. The
thickness of the glass in the hemisphere shall be great enough
so that the resistance of the hemisphere is 100 to 1000 M) at
25°C. The electrode shall contain a reproducible, permanently
sealed liquid cell for making electrical connection with the
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inner surface of the hemisphere. The entire electrical connec-
tion from the sealed contact cell to the meter terminal shall be
surrounded by an electrical shield that will prevent electrostatic
interferences when the shield is grounded. The shield shall be
insulated from the electrical connection by insulating material
of the highest quality, such as rubber and glass, so that the
resistance between the shield and the entire length of the
electrical connection is greater than 50 000 M.

Al1.1.3 Calomel Electrode—A pencil-type calomel elec-
trode (B, Fig. 1) 125 to 180 mm in length and § to 14 mm in
diameter. This electrode shall be made of glass and shall be
provided with an external, removable glass sleeve on the sealed
end that is dipped into the titration solution. The glass sleeve
shall be 8 to 25 mm in length, shall be slightly tapered, and
shall be ground to fit the electrode so that the sealed end of the
electrode protrudes 2 to 20 mm beyond the sleeve. The ground
surface shall be continuous and free of smooth spots. At a point
midway between the extremities of the ground surface, the
electrode tube shall be pierced by a hole or holes 1 mm in
diameter. The electrode shall contain the necessary mercury,
calomel and electrical connection to mercury, (calomel), or
silver-silver chloride (Ag/AgCl), all arranged in a permanent
manner. The electrode shall be filled almost to capacity with
saturated LiCl in isopropyl alcohol electrolyte and shall be
equipped with a stoppered port through which the electrolyte
may be replenished. When suspended in the air and with the
sleeve in place, the electrode shall not leak electrolyte at a rate
greater than one drop in 10 min.

Al.1.4 Stirrer—A variable-speed mechanical stirrer of any
suitable type, equipped with a glass, propeller-type-stirfing
paddle (D, Fig. 1). A propeller with blades 6 mm in radius and
set at a pitch of 30 to 45° is satisfactory. A magnetic stirrer i
also satisfactory. If electrical stirring apparatus is used, it must
be grounded so that connecting or disconnecting the power 10
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the motor will not produce a permanent change in meter
ing during the courses of titration.

Al.LS5 Buret—A 5-mL buret (E, Fig. 1) graduated in
001-mL divisions and calibrated with an accuracy of +0.005
gL The buret shall have a glass stopcock and shall have a tip
that extends 100 to 130 mm beyond the stopcock.

Al.1.6 Titration Beaker—A 250-mL beaker made of boro-
silicate glass, or other suitable titration beaker, (A, Fig. 1).

Al1.1.7 Titration Stand—A suitable stand to support the
electrodes, stirrer, and buret in the position shown in Fig. 1. An
grangement that allows the removal of the beaker without
disturbing the electrodes, buret, and stirrer is desirable.

Al2 Automatic titration system shall be generally in

accordance with Al.1 and provide the following technical
performance characteristics of features:

Al.2.1 The addition of titrant must be automatically con-
trolled to dispense discontinuously 0.100 % 0.001-mL incre-
ments of titrant with a waiting period of 90 s between
increments.

A1.2.2 Interchangeable precision motor-driven burets with
volume dispensing accuracy of +0.001 mL.

Al1.2.3 A record of the complete course of a titration by
continuously printing out the potential or change in potential
with the addition of each increment of titrant, versus volume of
titrant added.

APPENDIX

(Nonmandatory Information)

X1. REDUCING TITRATION TIME

X1.1 A long, equilibration period of 90 s/increment was
selected for the base number titration because the titration
reaction and electrode equilibration are generally slow, This, of
course, can lead to long titration time/sample, with a maximum
time of 1 h based on a maximum volume of titrant of 4 mL and
arate of titrant addition of 0.1 mL/90 s. It is possible to
substantially reduce the titration time by predosing with rapid
addition of titrant until a potential within 25 mV of the buffer
potential is reached, then allowing 90 s for equilibration and
completing the titration under normal conditions. This proce-
dure is not expected to have an adverse affect on the precision
of this test method; however, the precision under these condi-
tions has not been determined.

X1.2 There are many cases where the optimum in precision
in the base number is not required, and in these cases the
titration time can be shortened by taking a smaller sample. For
example, for a base number of 2 and using a sample size
calculated from the equation in 11.1, a total titration time of 24
min would be required. By taking only one half of the
prescribed sample size the titration time would be reduced to
12 min. The affect of halving the sample size on the precision
of this test method has not been determined but it would be
expected to be small.

SUMMARY OF CHANGES

Subcommittee D02.06 has identified the location of selected changes to this standard since the last issue

(D 4739-96) that may impact the use of this standard.

(I) Placed relation to former base number portion in Test
Method D 664 in the scope.

(2) Added references to ASTM practices for manual and
automatic sampling.

(3) Updated title of reference IP 139.

(4) Placed permission for commercial solutions and variations
of reagent volumes in 7.14.1 and 7.14.2.

783

(5) Clarified definitions and corrected chemical name for
isopropyl alcohol.

(6) Removed reference to use of Calomel electrodes.

(7) Inserted a new warning statement concerning possible
peroxide formation in propanol-2-ol.

(8) Added Section 14 on Quality Control Checks.



o

NFURALINT I TUVALNULAL DTN ENAINY NTENTHNANY Teuatuauysol

TaseMsAnwwasnadaunNs wamas E85 Tusadnsenugudssuuiidam

o
o o

Fiansgunsallesu FFV Conversion Kit

AMANUIN §-1

luamzitudidnsanyszyuaunanisaniiulasanis

< = o 1 a
audmaluladlansuasdaauvierd



ST

14

€T

- 4

Prtay Pt e USoTEAqGT nm:,@ww RIZEY  Smseepol | U

TP m,s BRI w_n_ U ,w w\anm n_s vslig) Yw o1

SLItsRIC MRS SUTHL N LS~ w@m_mﬂg 2T 6
SRS "l JESE A VAR O VLTI g
SUs IS Sl T MasA 32 | SRS ST L
Z QQJ;%M?@ \.v?c ez .\;l.aa,.wnu&u._: | \M(iw._..o &Ep 9

) ,_ AUV ﬂmm,a \m,quww gt ShSHb ALY | S

by ?Wm?&w \@Q% Alay =B LE m@%@mﬁf?ﬁﬁ b

) U CUppteruy nms\_m RERILH £

BN EMIpt 353 ALY Z

SR E.Ppw? EE T

ST supeen

90SW RIZASFCEH "1 00°ST - 00'6 LELY /GGZ RBLIERLM GT punpabmng
MLOCIMOLLAZEURLOM MR UEH BANNTIANIANLODE M LUILHIMIE Y

A} UOISISAUOD Add RERBLURECHBIOLIUORLUANASBIRNLALLE LN 68T CYMICEIR) SLUMCRUNAETLAUKLLUCLYY,,

ELUCEULMIILWSLURMTERItE2L T

VALEN J0 ssqussw v

MLEREMAULFLRRE

3rmm%$__@n._m.$wmt @
FUATIATLDOEMLTIM IS U




v ¢

ATUWRHUINANUNALNULAZDUSNENANIY  ATENTNNENU euatuanysel

bl

¥ o
o

TaseMsAnwwasnadauns wamde £85 Tusadnsuusudssuuimiadandainfsaunsaliasy FFV Conversion Kit

3

AMANUIN -2

naTuTENaUNITUTEYY

< = o 1 a
audmaluladlansuasdaauvierd



ST EL N AT R P TTREY

[TreE oo
Q{j}s) ﬂ'__’m S TIWEIITU TEC

& member of NSTOA

Uszyuagunanisaniuau

“TAsINISANEIRASNAFIUNS LU BWEAY E85 Tusadnseuaus
JEUUNIRANARAAIQUNllE3Y FFV Conversion Kit®

a 4 a va s s IS LY 1 a
ALY El\‘iU{]Uﬂﬂ']iEl']uEluﬂ @u&lL‘VIﬂIuIﬁElIaﬁSLLGZ'JﬁQLLWWJ'm

TUN 15 nowAIAN W.A. 2557

waasumuain
wndasgudun

asduazitauan
lnonusivnisaiud

U il PTG
d13UgY by R, e

AFEVT TIWAIITY | ebaratison

QUszaAvadlasang
LNULAETURaUNSATLIIY wazveuwadouly
NANTITALHUNY
NINAFBUATUEUITOUY
MINPEBURUSHIINTAULIUEDS
NNSNAEBURUAINLNUNILYBITUE Y
asunan1sALluau
guassafinuuaznsuily
pAUTI8TIUNY

5/29/2014



o/ 3
U (Y] nwﬁmu'l:uﬁ“‘m'mwmmu
IRGUITENA e MITEC

1. AATITNAULESN18NDIALNARDLATIIBUA 18
WSH UM UNANSNAADULNTULASIUANDU LAZSENINENISIY
UA3MN 2,000 Alawns lneswdusseznaimualitesndi

= < (% |
‘IﬁiEJL‘Uu3$EJ$L'Ja'T‘13JUBEJﬂ'JW

Ialm ﬂﬂiq}aqﬁ PERRIL TR TR L
1U3w traeiem MTEC
2. A579EBUINSINTSAUUABIIDNEAY ES5 Tu YU

flosnuu vessndnseusuisyuiEn udsnsfnsegunsniietu
FFV Conversion-kit

3. AiAsziaussausiATosoud V94
p1anadasiiingaulasang

nsUsziiulagvageu N5IAAIAIULSILAZ AT

5/29/2014



5/29/2014

v il ITWERIITUVE LY
d13UY by Ry e

AFEVMTTOINWEII T | ebarainsToA

TrguszasAvedlasinig
LALLAZTURBUNSALEILIY wazvauadauly
NANTITALHUY
NINAFBUATUENITOUY
MINPEBURUSHIINTAULIUEDS
NNSNAEBURUAINLNUNILYBITUE I
#sunan1sALtua
guassafinuLayIuily
pAUTI8TIUNY

WHUNTSANTUIY bt yred

AFEVT TIWAIRITY |, eberatisTon

15 w.A. 2557

- hau v
fanssu ffuiinvay

Oct-56 | Nov-56 | Dec-56 | Jan-5T | Feb-57 | Mar-57 | Apr-57 | May:57

[T —

pankUUMINAeU wuuesutuiindeys uavgiionislisavesinaaey

Saquad ()

. uay Ve Sswiin 2012

Andensadnseueuduazinageu 18 au susuuazuuzinsALdumvagey

vadsuifia 2012

5| ingpuanIATeBUALATaNsTaur IuALAMRAB UNBURRAIUNTalleRL FFV conversion kit

.

o iudeyadmuauvumuvesiiuduneunsiauuassn

vadsuidia 2012

Andsgunsaliedu FFV conversion kit

.

vndounAdu Liefudeyadiudussouy

. uay vaSswiin 2012

ynaoulnemsldass iefivtoyadundenu shamsaundes

. uay vadsutiin 2012

)

ynaoulnemsldads ieifiutoyadurnmmumuresiuan

o AmgvideyaiBulSeudisusasuanmvngou

o davimeauiariauenamvaaeusiefiie oy




2

(Y4 o a T T T

YUABUNITALTUIU & B e
14

1. sanuUUNMIMAGaY wuunasuduiindaya wazalianisldsn

Y

USLNNISNAFIU — LadSeurigu E85 vs. E10

v
v v dou A

PIUANTIOULTO: AITIA AD NaN1TUTTITUMBAU 9

U v (3

FuwusnuanTale

€

ANUAIUNUNIULATDIBUR: AT AD NITANNTOUDS

< § o A o X
Fugiu n1sideNaN NURNNWATEN LazdsUuilaulu

De

ov

U

14N3ULATDY

N

% (%

dyQJ s %3 Qy s
AIUNFIU: FITIP AD DATINTTAULUADA
(AlaLWNS/a09) LazANIBINAY (UW/Alatuss)

UADUNITALLUIIY J SRR el

AFEVT TIWAIITY |, eber ot

1. sanuUUNMIIMAGaY wuunasuduiindaya wazdlianisldsn

FMmUARE
N (G) FUuuy .
ITNVINTNATIU e WV/NNINNEIU
& UUBNEY  ranageu
Baseline E85
v = <
AUAUIIAUSATDIYUR
n3EASALATEY 3 |aunmaseu| Ussdiudhediiud Indlduuuaeums 3-point-scale
GRS 3 |aunmeseu| Indhsdshegunsaiinmmidien wasUssdiusediul
N159N47 3 |auwmeseu| Sndnsdehnegunsalinemiiisn wasussdiusneiiug
mMslusn 3 |aunwaaou
< < a v ove o v .
nsdusziiouaInAzacEus 3 |aunmedeu Uszidiusheddud Inglduuaeumu 3-point-scale
G 3 |aunmadeu
v s
ATUNANIUY
ShsmsAuUaatiomds | 3 | 15 | Tdnuade | antfufinszezms / Vinanhiu / sy
P
ATUAIUNUNIUY
Tnifuedes 3 3 ek | Snswvinsdnuse nisdesanmussdnudouluhiiuesas
Fuduen 3 3 | Wousss
Fudulane 3 3 | Mousse | dudindeya (@une da tegu) vin 2,000 Alawns
Fudruwansdn 3 3 | Tousss 8

5/29/2014



5/29/2014

YUNDUNITANTUIIU P R ST

AFEVT TIWAIRITY |, eberatisTon

12y

1. sanuUUNMIMAGaY wuunasuduiindaya wazalianisldsn

Y

Adlan1sldsn

TEC

dllonammaoulithiuidamda E8s
Tusodnsesud

BVEHTANRTINNIEY

nzeusn

YUNDUNTITANTUIIU P R ST

AFEVT TIWAIRITY |, eberatisTon

1. sanuUUNMIIMAGaY wuunasuduiindaya wazdlianisldsn
4 v v
wuunasuvuiindaya

i ﬁvtr.!:.';t‘ Waman D | Y ai] Tk | e
frml




5/29/2014

v
o o A i
YUABUNTITATUUIIU &;‘;w&:ﬁw]m e
2. ANLABNININTYTUBUATIUIY 18 AU / BUTULHIINTNAGFRY
FIUIUTA — WUIUUSZANLTDINES
sadutigiu £10 1Ju Baseline §1u7u 3 fiu

sawiutigiu £85 WJu Test object §1uau 15 A

[

Y E85: 3 970 15 Ay NaginsAnLden:

Wiguiigu 3 @ lagusdazanedl
Ay a o
voLReINU
| =~ A A & a )
JuAIBY/tinne sy
Ynamvinaduladiiu 1 9
TgunsueIasutaLfedInu

B B

(Maxima Flexolube) “

ST EL N AT R P TTREY

YUNDUNITANTUITU & e —

AFEVT IIWAIITU L emberatnsron

2. ANLADNINAINTYTUBUATIUIY 18 AU / BUTNEIINTNAFDUY
31UIUTH - WIANUTTNNNITNAGDY

125i thifu £85 70U Honda Wave 110i ufu £85

3051 Honda Wave
- i1

r i

s0u Honda Wave 1251 i F10 50ju Honda Wave 110i 11ifu F10 503U Honda Click afu 10
12




YUNDUNITANTUIIU & st

AFSMS TIWERITUY

TEC

& member of NETOA

2. ANLABNININTYTUBUATIUIY 18 AU / BUTULHIINTNAGFRY
UIUTO - UUINNYUTTANNTNATDY

E85 1
E85 2

NaAAURIUANSIUZ EBS v, E10

E10_1
E10_2
E10_3

|']'.’1?-'iﬂ'11('|11.lf‘lu':"|.‘r'|'.iri.'|uLU§a-l
E85 14
E854 15 13
\.
& o A R
YUADUNTITAUUIU e e

& member of NETOA

3. VIﬂﬁE]Uﬂ']ﬂﬁuquﬁqUﬁusiﬂuzﬁauaﬂﬁﬂ FFV conversion kit
4. \iudayadiuarnununiuvesudiunsunisanulasse
5. aﬂﬁ\‘lqﬂﬂiiﬁ FFV conversion kit

5/29/2014



YUABUNITANTUIIY & B e

AFEVMTTINWEII T | embersiisTon

6. NagaUAIATUININBINUTaYAGIUANTIOUS
M3 Wisuiguihiueindaiaesin

aneunsiuiasas ANEzeALATESEUR Butsiuaaslu wWawsuldnsesend

finnsgunsaliananania Wagnmarumiou suidonirdiuomnds wsngiu E85/E10

15

YUNDUNTITANTUIIU P R ST

AFEVT TIWAIRITY |, eberatisTon

6. NagauAIATUINNBINUTaY AR UANTTOUS
/s menuduiusveInsUssiliukastayaiinla wWetudu
ANNUYRNDYDINANTTUTZLIU

s ARl
L'
| = [ » | 3
i #Rrn ‘ . iy
wd3 | dem | fnde
At 1 n | Uit U5
AsUsELEUAY Lay A15IAN ag
lnggaaau megunsalin

5/29/2014



UADUNITALLUIIY J ERREmT e

AFEVT TIWAIRITY |, eberatisTon

6. NAFBUAIATNNDINUTaYARIUANTIOUS
FBns: AndsgunsalinANSIMAZAILL

|

GPS-based Vbox: JAANULEILaEAINLLIDIIa

17

UADUNITALLUIIY J ERREmT e

AFEVT TIWAIRITY |, eberatisTon

6. NFBUAATUNNDINUTaY AR UANTTOUS
25013: Uselllumeuuudauniusiea 3-point-scale

e R y szauauenela
awuil en1sUIBidiu ASMAFDY
-1 0 1
A5 1 finenn - fndne
1 MIanEmiATes Al 2 fnenn - findne
A5 3 finenn - findne
A3 1 g Und s
2 n15eeNsd ASIN 2 Bn Unit QINIEN
A5 3 bl Unit s
Ta N I ,
A3 1 i5alaigy 15eUnd L3S
3 BIERIEH] AN 2 il 159Und SR
A590 3 1salait 15aUnd EAIEN
Asafl 1 wanhiey wnunf wani
4 MIUIN AN 2 wanlleg wsnun@ LUsne
v . = o
A3 3 wanhiey wsnund LuUsnR

18

5/29/2014



YUABUNITANTUIIY & B e

ASSWMSIIWaIWITU [p———

6. NAFBUAIATNNDINUTaYARIUANTIOUS
25013: Usziliumeuuudauniusia 3-point-scale

e R 5 szauaMuiNewale
adud srensUszidiu ASMAFaY
-1 0 1
5 msduasiounniedoseus
adaii 1 dunn Fuuni Hution
5.1 YULTOURUUT afail 2 duann Fuuni dutioy
adad 3 Sun Fuuni duts
adai 1 dunn Fuuni Hution
52 vl afail 2 duann Fuuni futios
aded 3 dunn Fuuni EY
6 \deasumu
asai 1 fann faunf satioy
6.1 VULTOURUUY pdail 2 flagn saund fatios
adad 3 faun sauni fatfes
s 1 fann faunf satioy
6.2 vl adail 2 faun fauni fatios
aded 3 fann faunf fatloy

19

YUABUNITANTLUIIY PRl

AFEVT TIWAIRITY |, eberatisTon

7. NAgaUlAgNIS YN IUNAINU BRs1aUUADY
35013 W TUNNATUSLELNNNLY/ANUIURU/S1ANUN T
Juinlagoataiaskaznunaundy

5/29/2014

10



YUNDUNITANTUIIU P R ST

AFEVT IIWAIITU L emberatnsron

8. NAFDUAINUNUNIUVDILATIIBUA 1ABNS LTINUT
A8M3: AnfIeENTUATEI NI 100 cc wazTuiinsyeenng

21

YUNDUNTITANTUIIU P R ST

AFEVATOWRIITY s reaeen
8. NAFAUANNUNILTBNLATaEUd TnanisTdauais
®/ns: / Frupuansivosindueios /
Fdsuudouluiuedes
nsnagauAIUN1TEnUse Wild NAIIAINNINTFIU
U%mmaumﬂmﬁﬂ (ppm) RDE - Atomic Emission MY < 20, azLEn < 60
Usnaueynalasidion (ppm)  SPectrometer VBB gy < 2, aniden < 10

= ) '
Luvaslaen (Wpendn 5

YSuaeuniangia (ppm) MY < 6, azldYA < 21

luasau)
a2 a
YaunueunIAaILAs (ppm) uay RFS Coarse Wear NeU < 3, azlayn < 50
USuaeun1adyn (ppm) Spectrometric Analysis Usunad 18U < 2, agtden < 2

DUNALUUNETU (ASUA 5

Tunseutuly)
22

5/29/2014

11



YURDUNITANUUITU

A T T LR et

!" unzmpdmiwdoo
(b) AS SIS I0WaEIITU ,,.,,,.,,,::F»%hc

8. NAFDUAIUNUNIUVDILATIIEUA 1ABNIS LTIIUDT

aa
20019:

/ snuaaaURvesdueTes /

anuasluaulutndumsaq

NSNAFBUAIUNITANYTD
YSuneunmaeggiliiles (ppm)

Ysunaeunatiniia (ppm)

RDE - Atomic Emission

Spectrometer USinaueunA

acdg ¥ o
Dl NUTIAINNINTFIU
WYV < 4, agLden < 20

NPTV < 2, aLLden < 3

= o '
Luvazagn (Weenin 5

UsuueuARY (ppm)

USinaeunalududtiu (ppm)

Ysunaeunalniley (ppm)  Spectrometric Analysis U3une

= a
1 | WIgueu
UATOU
Ud =
wag RFS Coarse Wear WUSBUYBU
= a
WIgueu

DUNAKUUNEIU (A3Us 5

lupsenauly) s

YURDUNITANUUIIY

A T T LR et

(&) unzoyimiwdoau ,",,_,,,=:F.%,C

AFSMS TIWELRITU

8. NAFDUAIUNUNIUVILATIIEUA 1A8NTITINUDT

38013: AATIZPIUNTANNTD /

auasluouludniuesaq

anauTAvashiueda
fn Viscosity @100°C [cSt]
Alumstu (Nitration) [-]
ARBNEATU (Oxidation) [-]

Asndusng TBN (Total Base
Number) [mg KOH /g.]

Wild NAIIAINNINTFIU
ASTM D-445 11.6 < .. < 15.7
FTIR Wiguiey
FTIR wWisuiiey
ASTM D-4739 <2

5/29/2014

12



YUNDUNITANTUIIU &S\ e

ASSWMSIIWaIWITU [p———

8. NAFDUANUNUNIUVDILATIIBUA 1ABNS LTIIUDT
/M BATIERUNTANNTE / MuRuaudRveniiueTes /

devuidouludriueas Wild NAIIAINNINTFIU
Lusi [%Wt] FTIR < 0.5%
Uamnauh [96Wi] FTIR < 02%
USuanhiudemas [ewt] Surface Acoustic Wave < 5%
Huarees (eunIATanaw) [ppm] ASTM D-6595 MU < 7, aziden < 25
lnarea [ FTIR Wiguiien
Taiies [ppm] ASTM D-6595 Wisuiieu

25

gj ° S | e T T
VUABUNTIIATLUUITU (&, st . NATEC

9. 3Lﬂswﬁ%’ayjauawamiwmaau
10. AAVIFIYULAZUNAUDHANTITALUIIU

— —

——
981 Honda Wave 125 tiifil E85  frfu Honda Wave 1107 Ui E85 &4 Honda Click Uifil E85
T —

909U Honda Wave 1251 Undiu E10 504U Honda Wave 1107 it F10 58U Honda Click thdiu E10

26

5/29/2014

13



vauLaLazivauly by B Tec

¢ ) ASSVMS TIWAII T ..
P2 < v
N@iﬂ‘ﬂﬂ'ﬁmUNﬁﬂ'ﬁVIﬂﬁﬂUﬂ']ﬂﬂ')'lﬁﬁ/lﬂ‘ﬂ'lu:
% P A v |
Toyaiilonmanaraadsulduinniinisnaaeulu Lab
lalanusanenTualunInsIinte
o I 4 a ?:»1 U d' 1 13 Y 1 d' ) 2
Jududeau (top-up) UduipIosneuszezinumeesnnuuall
LID9ANNLAT DI UAVDITONANEAULIBINTIITY
Tanansansiainuniuniosw (repeat) 19 ilosanszzadnnin
nsiTeuiisusafild £85 vs. E10 luanunsam “ehuna” 1g
@ P o v ~ o & v A ' Y =
D1EALATLINVDITONIY E85: dmnudnudaalasun1eununIad
APUSTEL 10,000 AlaLAT LLBIINNANNTIATIZI
g1anadAsiavessaily E10 ugedlmvinnismaaeugean 4,000

Alanssean1saguneuisuesag 1 A
27

ansUey GERTELT, mTeC
TnUseasruadlasinig
LNULAETURaUNSATLIIY wazveuwadouly
NANITALUIY
NSNATDUATUEUTTOUY
MINPEBURUSHIINTAULIUEDS
NNSNAEBURUAINLNUNILYBITUE Y
AFUNaNISAL LU
guassATinuLazNILALY

aAUII85IUAY

5/29/2014

14



NANISNAFIUATUEUTTOUL

\dgmunauan y
idanudundud Traand

wdinssumuain
efaonudunisay
duan

ooy

madusziiauan
A

msduasavan
[ A
wéuan

Tbwudowas £10 (@50 km/h)

naminata
10

sdsmumun
\ndasousivnizt

\dussumumn

[E e
an
s
\ndasusiuns

\etasnusunEauAY

an

Whitudeunds E10 (freestyle)

msasvinadas

\inosunouann
mhmﬁumﬂug

wdnssumuann /
iefaonusiunizsamdu

msduandiovan.
et

miduszdavan
witauusivoiTauAy
un

Tbuudowas £85 @50 km/h)

msninatag
10

dnamumunn
\asusivoi

wdnsunuann
edaonudunsaudu
wn

\
nmdusnfauann

edaonusiuniziug s

msduandiovan
infasnudunizTausy
an

Wihifudewas E85 (freestyle)

ST EL N AT R P TTREY
sz Smdwiaa Ty
AFEVNFTIIWEIITH L member st uston

Honda Wave 125i

29

MTEC!

NANISNAFIUATUEUTTOUL

ST EL N AT R P TTREY
sz Smdwiaa Ty
ASEVITIIWRIITE | emberstiston

Avaaauldnnuiigean 50 Alawnsdedalug

U5 E10 AN

L&E95uAIUANA
LATAIEUAUUETAULAY
[STh]

LRegsunIuan
RNV IR LI

y

msa‘fuauﬁaumn
LaFavausu iUl \

msaasNLATag
10

mMsduaziiauain
LATavHUAUALYTAULAY
[STh]

OE8S [@E10

Asaanml

lainansing

30

MTEC!

5/29/2014

15



HANISVASRUATUANTIAUS s rec

AFEVFIIWAIITH | memberatt

fnaaeulimnuimunginssunsdud

MsaasNLATag [E85 [MEL0

“““““

,\msaanﬁ)

Uszidiu E10 Andn \
o - A\ )\

- \é dnsse
/

lainansing

mMsduszviauain
LATRIHUAUMTTAULAY

5T} 31

HANISVASRUATUANTIAUS s rec

AFEVFIIWAIITH | memberatt

egdeyaiinlaanaunsalinarusanasaAmuss

ALAUINISLAROUN (LUAS)

-320 /
340 ’Ldﬂ

e ———
—
360~ _'_'_,_,_,---'—'—""ff)‘_,_,_.-—-’ ~LA
-300 -250 -200 -150 -100 -50 0 50

i : m‘l“ u([wmw” K WW iy i M“\“‘H““‘

]
i |
|

Ml G55 baced Vo drmiindisazazaisaunan

32

5/29/2014

16



5/29/2014

gAce (o)

Lon

¥
(Y] nwﬁmu'l:uﬁ“‘m'mwmmu
Wan1IAaaUATUANSInUS @#é?ﬂ%‘%’iﬁl%mu MTEC
L 1 1 i & 1 [ < 1
MegelayaninliaingunsalinAsIwaANLSY
AR5 (km/h) wazA213Lse (g)
Iy /
1 Sy M, i )
“ ! k) o 4
A A
/! | \
ot \ K
Ty \ I
o * ; : I \l\ \\ /
0 1 1 e R A Y
2|l I AT I |
ny R 4L R HLIAR
/ YA !
AN .
|
|/
il

I %4
(Y] nwﬁmu'l:uﬁ“‘m'mwmmu
NSUSEULNBUANERIILSS E10 vs. E85
A1AUL52 (km/h) WagAuL3e (g)
AN39g9En 50 km/h A21339g98R 62 km/h
0.53g : - | 0-71; i
E10 E85
34

17



ﬁ']‘Jﬁli,y @}) e s

vITEC

ASENS ] W uﬂu aidindirl TR,

TrguszasAvedlasinig
LNULAETUREUNSATLIIY wazveuwadouly
NANIIALEUIY
NINAFBUATUENITOUY
MsnageusIUsATINSEUIUA D
NNSNAEBURUAINLNUNILYBITUE I

#sunan1sALtua
guasIANULAZNITWALY
pAUTITINN
v o A T —
NaAIURIINITEULUADY ey

v} Qy = a [~3 o
N PRGIRIGLNGIIRI] mmuisasmamaﬂimmwaLwaa

Sy, ¥ ox
naldreUSuasunduamas

(Alawns/ans)
w B

% N >N WD >
57 c, o, c, c, o, (., » N N N N
<<, <3> <<, R SR - LY S - S ‘o"! ‘0‘7 éf"’ ég"” ‘3‘,‘”

MUNYLAVIAINTETUEUR

36

5/29/2014

18



NAATUBATINISAULURDY P i

AEwva} !W \J'I"‘I'LJ, & member of NSTOA
AlAnAadu SuuRURDTEEENIg

0.8

0.7

s (Um/Alawns)

0.52
0.51 0.51 0.50 051 051 gs51 051 0.51
LAE IIMQII III I

[N

0.48 0.49

N Y % % 9 o L TR R S R T TSP RN
& EF S EEEF e EE &SP "
LA R A & &
NSNS
& &
ﬂu’lﬂLﬁ‘lliﬂé’ﬂiﬂ’]uﬂuﬁ
37
L]
aqium i nw;:;u\wﬁ llllllllll TEC
TV 3\
] @rﬁ EWSE I !w uﬂ'u, Ry

TrguszasAvadlasinig
LNULAETURaUNSATLIIY wazveuwadouly
NANIIALEUIU
NINAFBUATUEUITOUY
MsNAEBURUSHTINNSAUIUERY
NMSVATBUAIUAUNUNIUYBSTUEIY
asunan1sALluau
guassafinuLaynIuAly
pAUTI8TIUNY

5/29/2014

19



NAATUAINUNUNIUVDITUE I P e

ASSWMSIIWaIWITU s

feg19tTiusyey 2,000 Alalns

T— —_—

S —

awju Honda Wave 125 i 85 swgu Honda Wave 11017 85 3msu Honda Click vty £85

sugu Honda Wave 1251 iy E10  suu Honda Wave 110i i E10 swgu Honda Click iy E10

39
2
AR W U R LY
WAAIMANUNIUYBIYUEIU T MTeC
d‘ o a % & Y
CYTNI = F2HLLIAT NANLUUNIINAFADUIDINTYTUYUNNTU
AITHNUNTU
Yy ot 309NTUULUA
VIUANUUNN
v E85 1 E85 2 E85 3 E10_1 E10_2 E10_3
sustezamagausiaias (Faw) 7 6 6 2 2 2
FUTTEEN (NY.) / 8,000
Anualunswasuidiuadas () 8.000 4,000
svpzmeildnszilseuiiou (/31.) 4,000
Assqﬁmqﬂszmﬁsﬂaﬂﬂsqms
40

5/29/2014

20



NANTUAUNUNIUYDITUGI

ST EL N AT R P TTREY

sz dmdwiloa
ASSWMS IIWaIITU .,.......Im%nc
a L3 = a
NITILAINERAIULAYVEYLYINTIYNTIN
ANTNNIUNAFDU ANVRRINTNAFIU
1619 Fudu sadnTEUEUA
E85 1 | E85 2 | E853 | E10.1 | E10 2 | E10 3
Tany bl Unf Unf Unf Unf Unf Uni
wanaiin | Jutsiu JUnd 4130 JUnd JUnd Uni Uni
6 oy
wanahn | deungiu Unf Unf Unf Unf Un@ Un@
819 iemafiuingdy | Un@d Unh Unh Unh Unh Unh
41
£
NAATUAMUNUNUVDIBUEIU ), s
sz dmdwiloa
@ TEC

AFSMS TIWERITUY

& member of NETOA

USunaeynamaniuuneny (ppm) Aialaannisguiiedg

U9TULAT D

WisuiisusnanseuBuAnaenaTY

&

@ £10 Honda Wave 125i

© E85 Honda Wave 125i

E 450 @ £10 Honda Click @ E85 Honda Click
a
; 400 M E10 Honda Wave 110i M E85 Honda Wave 110i
é |
2 350
3 u u
W& 300 »
=
£ 250
S
®
E 200
2 u
S 150
100 ° ®
%0 ] ®

0

1,000 2,000

3,000

5,000 6,000 7,000 8,000 9,000
sypgneiildiingiueTes (Rlawns)

42

5/29/2014

21



NANTUAUNUNIUYDITUGI

ST EL N AT R P TTREY
iz n;wﬁ'a.rn\.l'
ASEVS9 TWIWEIITU

TEC

& member of NETOA

USunaseynimegililieuwuuveny (ppm) 1ialtaainnisgy

A70819UN1ULATDY

Honda Wave 125

Honda Wave 110i

g 3
& - = & 5 °
2 ]
e g w0 )
3 10 3
] ] ]
& 5 . R e
& &
g s % 15 g
54 ® ° £ o
g ] ° g m®
g g =
& 5 L]
0 < S 0
o 1,000 2000 3000 4000 5000 6000 7000 0 100 2000 3000 4000 5000 6000 7,000 8000 9000
stozmaitliiuetos (flawns) stozmaitlihiuetos (Flawns)
Honda Click
g e
g 3 Cl
2 ° °
2 3
H
H
g 2
&
% 2 ®
2 ]
g 1
g g
i m B
< ° L]
0
0 1000 2000 3000 4000 5000 6000 7000
szpzmailithiiuetos Glawns) 43

NANTUAUNUNIUYBITUGI

ST EL N AT R P TTREY
iz n;wﬁ'a.rn\.l'
ASEVS9 TWIWEIITU

TEC

& member of NETOA

A1AUNLR (cSt) Ngaumnnil 100 aerwaidua NInlaannnis

gusiag1ainiueIas

4

wWisuiflsusadnseususinsanagy

16
14 i

@ E10 Honda Wave 125i
@ E10 Honda Click

M E10 Honda Wave 110i

© E85 Honda Wave 125i

# E85 Honda Click

B £85 Honda Wave 110i

szezmeiiidindueios Rlawns)

2
K
@
k=)
=
G
2
S 12
3 » PY
o
s 0 & ‘m ag & o .
3 . b
g s AR 2PN *
a L 4 * *
'Hg'
> 6
2
o
a 4
>
=
€ 2

0 . .

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000

44

5/29/2014

22



NANTUAIUNUNIUYDIFUGI

ASSWMSIIWaIWITU

TEC

& member of NETOA

USunauain (%Wt Minlaainnisgudiegnaindiunias

Honda Wave 1251 Honda Wave 110i
5 10 5 10
2 ) )
£ 0 ® © o s 00 © © melo
§ 08 m m § 08 w om
g oo = @85 3 o7 = = E85
*3 06 L] *3 06 e -
2 05 =05
3 3
§ o ® § o
S o3 < 03
H 02 H 02
g o1 § o1
£ 0 S oon
1,000 2,000 3,000 4,000 5,000 6,000 7,000 0 1,000 2,000 3,000 4,000 5,000 6,000 7,000
szwzmeiliifufuetos @aum) swemsitlithifuntos lawns)
Honda Click
5 10
B
2 ®
& os ° meo
S m g L] .
g o7 = @85
*3 06 mem
S 0s
8 oa ®
£ 0
H 02
5o
s 00 B
0 1000 2000 3000 4000 5000 6000 7,000
szpmaitlithiiutos Glawns)

45

NANTUAMUNUNIUVDITUAIU

b

ST EL N AT R P TTREY
iz n;wﬁ'a.!'n‘.l‘
ASEVS9 TWIWEIITU

USunaueuniaddanauwuunenu (ppm) Nnlaainnisdu

A70819UNULATDY

(ppm)

Fanniaymagineuuvumiy

i

°om

Honda Wave 125

(ppm)

LEY
@85

AanusymAdEneuLUUETY

&

1,000 2,000 3,000 4,000

P
szmzmaiilfuniunie (Alawns)

5,000 6,000

7,000

Honda Wave 110

TEC

& member of NETOA

] LS

ol

0 1000 2000

5000 4000 5000
szwzmailifriuetos (awns)

6000

7000 8000

9,000

Honda Click

VhnaisymaginouuvuMETY (pprm)

WEL
[
@685

0 1000

2,000

3,000 4,000

sgsmaitlidiiustos @lawes)

5,000

6,000 7,000

46

5/29/2014

23



5/29/2014

. AL T TUOILTL
a"]iU mu dj}» :::t‘:\ﬂmiwﬁ'a.nu TEC

& membier of NETOA

AFSMS TIWERITUY

TnUseasruadlasang
LNULAETUREUNSATLIIY wazveuwadouly
NANTITALHUY
NINAFBUATUENITOUY
MINPEBURUSHIINTAULIUEDS
NNSNAEBURUAINLNUNILYBITUE I

dsunanisaiiuay
guasIANNULAZNITWALY
pAUTITINN
o a s
dgunan1IauueIu dy B reC

& member of NETO)

ayUranTIATIsidusIsTaus YR ILATB B LA
IenansUsifiushunseondiuazdnsissiaenndesiuteyailia
lomegunIniinauLss
sadnsemEudAnld £10 Iéunsussiiusudsuazns
duazifoudinninsdily e85
liaunsasuiunsifuteyaiFendeuaymsduaziiiouss
gunsalinnnmsdniunsnaaeuninaunsla

AJUNANTIATIBRATUNAIY (BRTIN15FWURRY)
sodnseuEuAnlY E85 ddnsnisauliesasniinsalnld £10
sodnseueuAnly 85 devlddneseszeemanldsndnsalinly £10

48

24



A3UnNanITAIUUIY Jy

ASSWMSIIWaIWITU

WTEE

#3UNANITAATIEREN NN TENVITa YD LATE A
13J"W‘UM’13JLLG]ﬂﬁhfl@ﬂ?ﬂﬁﬁﬁﬁﬂﬁ@‘ﬂ@ﬂﬁ’]ﬁuvﬁaL‘Wax‘i F10 uaz E85
wumsanusenUiinasnmnuarezgideniigeaninnmsily
sodnseusuasuilfidomdatiaeniafusdszornislin
1,000 Alatuas

1%
U a [

wumsanusetosiiantusadnseueudsuniuiuiesuenain
wnsiuases tawA Ju Honda Click

ayunan1snTzantAvasunliurdaiu
VR V|

Tadwuanuwsneeeg1eiidedAgvaainudiowmas E10 wag £85

o

NUNITAARIVDIANAUNLATIFINTNNIUTOINTE UL UAYNAUT
19\ Yo naaIdriARaAsEaENIS 199U 1,000 AlaLUAT

49

3| '§ UNan1IALUUIU L{j}» T T

AFSMS TIWERITUY

TEC

agunansiinseiasuiiouluisundeiu
13J"W‘UM’13JLLG]ﬂﬁhfl@ﬂ?ﬂﬁﬁﬁﬁﬂﬁ@‘ﬂ@ﬂﬁ’]ﬁuvﬁaL‘Wax‘i F10 uaz E85
wuUSnauvsihfiganinnasilusadnseuesusnnAu
wuUSnaruazons @anew) figaninasilusadnseueusiasiy

gnvIuu Honda Click

ayUnan1sAsIeiaugIgadenien1anienn
wupMudeenduuremnasiusadnseueud 1 au lugunld
idudownds £85 ludoun 7 Asnliumsiiudoya

50

5/29/2014

25



f13U8y

TnUseasruadlasang
WHULAZTUABUNNTANL TN kasvauluneauly

NANISANLHUIY

ANSNAFDUATUANTTOUY
ANSNAADUAIUDNTINISAULUADY
ANSNAABUATUAINUNUNIUYDIVUAIUY

AgUNanIIALHLL

guasIANNULaznIsuAlY

AUII85IUAY

ST EL N AT R P TTREY

& wznpmdwdaa i
L ) ASEVS9 TWIWEIITU

TEC

& membier of NETOA

ST EL N AT R P TTREY

guasIANNULazN1A LY & e

1. Swiusanadiasiidhsaalasanis
TOR
Twaziden 10 3.1.1
Andensndnseueus ([e8.)
Wsailasenis Sruaulsivies
11 3 fu levnaeu
aussauzn1sTUTY

wansiduaue danansasiiunsldnuissy
15

uuameuily -

naAws ALY Fdunslaniu TOR

AFSMS TIWERITUY

JorausiBunaiia
40 7. vouwansaiiunu

TEC

& member of NETOA

7.1 augAvinmlavhnmseoniuuurusdunsagey fsuanalunisei 1

Tngazldiodnesa ave. dmsunisvadeuvianun 18 Ay

(E10-Baseline 91uu 3 AU / E85-FFV conversion kit §1u3u 15 Au)

Tugrasuduauisadniiunislanuiiseyld sudieiinmanisalldasunia

maides fimsUanuuuinaguinems wiviae) iliaaanuliazaonlunis

iiuiiifutuiinfeyaanenanasinsiilddadents

snwn safuldmihives va dsuia Iddiuiuasdansonvesfisyaniiie

gdlalunmamenanadinsidriulasinis

Ieranadasidrsaulasanisasudaiu aufissyliludeiauedunain §udu

onanainsUsznouNTndusa 988, SUTNUIN L.s3sumans (59dn) 91w

398

52

5/29/2014

26



guasIANNULazN1A LY bt e

2. 5zE22a1lUN1MIAFRY
TOR
4o 34 fidrulasinseeld
50 2ve. anude 3.1 dwmsu
13U Rmuasdly
Fosvdrfuduszazna
10,000 Alawins viiohites
o

wansandueu  ansesidunislamaiszy
13fusa 2we. Sualivies
i 3 A uszeziaan 7

-

1201}

o

wuamandly  dszeznaimsveaeudu

o Jo

fArindmsusn E85

waawsnle sudiuldinu TOR

AFEVT TIWAIRITY |, eberatisTon

Jorauaiunaia
40 7. vouwansaiiuanu
7.8 neaeulaenisldasenuamuuniu
IumumauLmaaﬂumwmaau“lﬂuaia ahnsifivdeya yng szez 2,000
lalung U RS Hpsnin 6 ey lneazyinnisiiu
cﬁ"’;aﬂ'wﬁwmmm (100 3%) Lwavmmwmaaumamiﬂumwiu
ViesUfiRnisduau 6 daes (@ndts FFV conversion kit $11au 3 & uax

Laifinsta FEV conversion kit $1uau 3 fu) wazvinsiiudeyanieninein
msdnuse

mmmﬁnﬁumﬂﬁmuﬁiuuﬁﬂ”um qe. Aifinds FFV conversion kit §1u3u 3
ﬂu uidwuse aee. AlildRnds FRV conversion kit mmu 3 fiu (aw8.503919)
th iflesmnenanatinsssnanasinay mamuumiaaaanwwumwn q EEENI
,000 Alawms LifloraatasinilaBuseslmaaeuthiueiedaliinisdne
Ininaeaszognne 10,000 Alawns fewnsyiagdwadessusseiniaeud

fusnwe Weenuuumsnageunsldasdml

Tneasfiushoghaiifuiiszes 1,000 way 2,000 Alawns Tnsaduiunisauasy
v8273 8,000 Alawns wiethwadildanmmeaeuuninseiisudisutu
NINAFBUID 8Y. ﬁam% FFV conversion kit
onanadnsBusenlididunisiinanld uaznanisnageuaunsalddubgaiu
gneoald

f13U8y

TnUseasruadlasinig

WHULAETUNBUNTTANTEUNY wagTauluneuly

NANISANLHUIY

ANSNAFDUATUANTTOUY
ANSNAADUAIUDNTINITAULUADS
ANSNAABUATUAINUNUNIUYDIVUAIU

AFUNaNISAL LU

guasIANNULaENISWALY

2AUs1I85UNY

ST EL N AT R P TTREY

by Ry TEC

AFEVMTTOINWEII T | ebarainsToA

5/29/2014

27



aAuTIe N bt res

AFEVMTTINWEII T | embersiisTon

Anvmansynurenitiuedes @a8n159i Benchmark Study
maauﬁ’uﬁ’jﬂﬁuméawﬁﬂﬁ'm
fuflunsmaaeuiiuamunriluies foRnaiie il
doyansdnnieuestuduiiannsnneaumsiainld
Fuflunsneaeufunsduasiiioulasideduie s fiRnng
yhmsneaeuluszazsoiesiinniuuagfiusiuunisying,
vhnsnadeulusadnseusudninisldnuussnamdun
Tulszeylnaliussernadelies viensdlduliives

55

aAUT8IIUNY bt res

AFEVT TIWAIRITY |, eberatisTon

56

5/29/2014

28



	D4739_01
	D4739_02
	D4739_03
	D4739_04
	D4739_05
	D4739_06
	D4739_07

