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A flow-injection titration method proposed by us was applied to the determination of the total
base number (TBN) in a lubricant during an oxidation test. The method is based on measure-
ments of the absorbance change of an indicator contained in an acid-base buffer solution or the
potential change of a pH glass electrode detector, which is generated due to a neutralization
reaction of base compounds in the lubricant with the acid-base buffer solution. To measure the
absorbance change, a three-channel manifold with a spectrophotometric detector was construct-
ed, i.e., a carrier stream of a mixed solvent (toluene 52%/Hs0 1% /2-propanol 47% v/v), a
stream of perchloric acid and a stream of tetrabutylammonium salt of trifluoroacetic acid solu-
tion containing an indicator (m-cresol purple). The absorbance change of an acidic form of m-
cresol purple was proportional to the total concentration of the base compounds in the lubri-
cants. When the method was applied to the determination of TBN in lubricants during oxida-
tion test, a good linear correlation was observed for the analytical results between our proposed
method and a conventional neutralization titration method. However, some lubricant samples
with a deep-brown color after the oxidation test deviated from a linear correlation. This was
due to the fact that light absorption of the colored lubricant interferes with the absorbance mea-
surement of the color change of the indicator. For a measurement of the potential change, the
same manifold as that for a measurement of the absorbance change was used, except for the pH
glass electrode detector and a stream of tetrabutylammonium salt of trifluoroacetic acid solution
without m-cresol purple. TBN in the lubricants during the oxidation test, which were deter-
mined by our proposed method based on measurements of the potential change, was in good
agreement with that determined by the conventional titration method, even for the lubricant
samples with a deep-brown color.
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Fig. 1 Flow diagram for the determination of total

base number in lubricant

A: 10 mM TFA'TBA containing 0.2 mM m-cresol pur-
ple; B: 5 mM HCIOs; C: carrier (mixed solvent of
toluene/HeO/2-propanol, 52/1/47 v/v%); My, My:
merging points; S: sample injector; D: spectrophoto-
metric detector or pH glass electrode detector; coil
length and diameter: S-M;, 10 cm X 0.5 mm i.d.; M;-
Ms, 40 cm X 0.5 mm i.d.; Me-D, 200 cm X 0.5 mm i.d.,
TFA-TBA: tetrabutylammonium trifluoroacetate, Sample
volume: 200 ul, 20 pl or 5 pl
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REWCHHAT AL 2EME L, BALRBRZ 1T - 7B
ABOEERMAE 21T & L DI, HEREEOHBMEE
e L2, Z0B, BESLELL EOWBEERHBEICS
FAMESEERETA-D, FIORBELBRESRLET S
FIA/ B ZESHTEZEAL, BEMWO 8B E O£k
il £k & L CoORED BN % ME L.

2 FIA IZ & 2331 E o 5

AR THCZ-2EEMNERO 70 —-R oK%
Fig. 112737, WEE A ICIZEBR-1IBEERRETH 5 m-cresol
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7ot EOWNEEEZ AR TIE, ZORBOERERES
EBTE5.

T, BUEARNEICBWTIE, #HHAD10mM TFA:
TBA W ICHRREZRME S, MlBZHE LT7o—H pH
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Table 1 Composition, property and total base number of test oil used in this work

Composition Kinen:atic viscosity Total base number” Color
(40T, mm®/s) (mgKOH/g)
Calcium sulfonate
0.5 wt% New oil 8.029 2.47 light-yellow
ISOT 24 h” 8.716 1.68 orange
ISOT 48 h? 10.8 0.6 dark-brown
1wt% New oil 8.108 4.84 light-yellow
ISOT 24 h 9.44 ) ) 3.16 red-orange
ISOT 48 h 10.13 291 dark-brown
Calcium salicylate )
0.5 wt% New oil 8.019 0.81 orange-brown
ISOT 24 h 8.034 0.48 orange-brown
ISOT 48 h 9.226 0.25 orange
1 wt% New oil 8.084 1.6 brown
ISOT 24 h 8.104 0.97 brown
ISOT 48 h 9.27 0.81 yellow

a) The values determined by the conventional titration method ; b) ISOT 24 h means the lubricant oil after oxidation for 24 h accord-
ing to the Indiana Stirring Oxidation Test; ¢) ISOT 48 h means the lubricant oil after oxidation for 48 h according to the Indiana
Stirring Oxidation Test
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Fig. 2 Correlation of total base number of oxidation
test oils between titration method and spectrophoto-

R TR L2, metric FIA method
FIT, BB oS RMEAIE I T A AREDE sample: O 0.5wt% Calcium sulfonate, (] 1 wt%
ﬁﬁ,l.é L:O‘/‘VC%’\\K’.. i ,9; %it*jl'%ﬂ%ﬁj—% s % < IE% Calcium sulfonate, <> 0.5 wt% Calcium salicylate, A
’ o wt% Calcium salicylate, open keys are lubricants
WES S L& BEHL LT Fig 1 O&EEMHREM FIA before oxidation test, keys filled with gray are lubri-
HEEORBEABIZSWNOYF Y IV —T%Ey b L, cants after oxidation test for 24 h, keys filled with black

KR snpas At - are lubricants after oxidation test for 48 h.
Ca A7 4 b RAL SR & B TEA L C A & 3 Slope of correlation: 1.10; Correlation coefficient:
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DFHEERMAOFRENVERE M=moldm *) L&E  HEHRICL ) ROL-EERME OMBIK % Fig. 2 1R,

M TNB OZEHIZIZTAOBRAZ H 72, 1wt% Ca AV A — b ISOT 48 h B R U 0.5 wt% Ca A
‘ VR A — M ISOT 48 h HBDMEZ KL &, A FIA/REE
1M = 56.1/pTNB (mgKOH/g) (5) FESATHNC X 0 BIsE L3R 4L, PRI EEkic L bR
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Fig. 3 FIA peaks for Calcium sulfonate

Flow conditions are given in Fig. 1, where the pH glass
electrode was used as the detector. Sample volume:
200 wl

ISOT 48 h B OEIZHBEER P HRKRESThTwAE, &
i 48 RH OBMILABROME R, ABMPFB/BRICERL
oz, WMAEHERBBFICEDRER2EZ, Lo,
WEMBICH L TRAOREL 52O THE. Tz,
0.5% Ca ANV & A — b ISOT 48 h ABHI DV T, FRD
BEAEVHFEICKE L, BtERBICLZHEEIRON
Bro7z0T, EREMIEMTE o7, ThHZD
ORBCRMBEASER L TRERINT 2720, BEER
WicpEEL 52, SEEMNEICRELXS525. COME
FRRT D —20HEE LT, ML 3RBINIVNEWE
WRIBUSIRIUE D b 5 HRERLHEREOFHEE 2 5
a3, BERLBRTEIRZVWEIICEbINS, 22T,
pH 75 A B2 % FV: 2 FEICOWTHRE L7,

4:3 pH# 7 ABEBRHBZAV S FIA/BUEME
IC & B RERBMD L IEEMAIE

¥9, pH ¥ 7 ABHE AV BNENEKRICOVT
#~%. Fig. 1 DEIFREMHEEH FIA KEOWE A (218
TEEZET LV 10mM TFA-TBABHRZH L, HiigE
 LTpHZZABBEHCT70—ReM L. AE
AT 200l O¥ YT AN —T Ry b L7 SHIC,
REBHCHE L7 1~5 mM OEEMRMA AL 2 EA
L, BMERBICESSE—-rBs2RE L. Fig 312

0 1 2 3 4 5 6
Concentration of base compounds/ mM
Fig. 4 Calibration curves for base compounds

Sample: O Calcium sulfonate, < Calcium salicylate

Ca ANVFAA— FOMEHRY -7 2/RT. 2 TRLZERK
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B LTHHEZITY, Fohi 2 MoEEARITH
THMEMRE Fig. 4R T. 2EoERARIH LT, H
—DOREHRVH SN, BUERBIZES(E—IHEH
b, HEHOBERTMANRESRETE S Z LA
7-.

RIZ, Fig. 1 ORBHEABRICSWOH Y TV —T % &
v bL, CaANFkd— FERALRBZ EREAL TR
HEGAWE L. $72, CathV)F L — PBRILRBRM OB
Hid, AR oRELZEE LT OY Y TNV —T
AV, REZEEREALTHELZ.

HoABBERNEG LTS FIA/BENESTEZH W
Bf, FIA/BRAERESTETEIERLTHETE b o
720.5wt% Ca ANk A — F ISOT 48 h ABHIBWT D,
EERE—7BE2R0N, SREMNESTEETH - 7.
FIA/BCRESTEDOLE LRI, #BohEBMNED
Y—r@stBRERz AV, R(5) X yEBLRBHO
IR A2 EH U7 )

AEENZ X o TRD 73 A & PRNEEEIC X D RD -
L DB % Fig. 5 (ORT. AETRABOZGBICH
B, REROPHHBEEICL VRO MEE BOAHBEMED
BONTWED., ZTHICELY, AFIA/BLESTEZ BV
T, EEMHOBRALIZHE ) 2R MO ZIL %2 RAEICHETE
LT ENRGHh o7

5 #& =
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WEERMA 2 88 T 5 BALEEWAL o £IEHMBl 2
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Fig. 5 Correlation of total base number of oxidation
test oils between titration method and potentiometric
FIA method

sample: O 0.5wt% Calcium sulfonate, [] 1 wt%
Calcium sulfonate, < 0.5 wt% Calcium salicylate, & 1
wt% Calcium salicylate, open keys are lubricants
before oxidation test, keys filled with gray are lubri-
cants after oxidation test for 24 h, keys filled with black
are lubricants after oxidation test for 48 h.

Slope of correlation: 1.00; Correlation coefficient:
0.995
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T, pHA 7 ABBZ R E 55 FIA/BALEDHTEC
FOWELZZE TS, BEDRBHIOVTLRBOBERIC
LW EERTDH LR EREMOMWENTERTH Y,
PRI EIC L B EE RIFRABEEA T O, Zhick
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D, FIA/JEMZESTBICE D S EEHOERICES &5
FEOZBLEZPEST 2 Z LDTRETH Y, EigmoH ik
BEFMTELZ LB ohol:. REOHWTEEI, 18
ME7-0% 20 RBCTH Y, Bl o ERME RHEIC
ERTE L., REILEBEST~OIEHTEETH LD TH
YIAVAIICERTE L LZ A TWA, BIZ, REICE
J5 1B L7) OFKEEOEHEBRH 5mITHY,
PERDHEED 1/20 IR T 5 Z LA TE, BERTHT
2B 7-OFKREBOBREHFAORNL L% L, BEEICE
WTHEBN-HETHD LR B,

AT L7 pH 777 A BB LS % 340 72 722 22 Bl
DKK (#) O IHEICEH L 5.
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