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' NEUTRALI ZATI ON TESTI NG APPARATUS AND NEUTRALI dZATI ON TESTI NG 95?@@568 }‘

. BACKGROUND OF THE | NVENTI ON Fhiepltetctas €ntion: The present Eﬂﬁ tion
relates to a neutralization te s and a neutrallzadl tasting

met hod of a liquid sanple such oil and may be utilized in
. measuring an acid neutralization rate of cyllnder oi | which is heavy
| ubricant oil for exanple. Description of Related Art: Hitherto,

| ubrication by neans of fats and oils has been used frequently in a driving
mechani sm such as an NEUTRALIZATION TESTING APPARATUS AND

NEUTRALIZATION TESTING METHOD \/
BACKGROUND OF THE INVENTION

Field of the Invention:

The present invention relates to a neutralization
testing apparatus and a neutralization testing method of a
liquid sample such as lubricant oil and may be utilized in
measuring an acid neutralization rate of cylinder oil which
is heavy lubricant oil for example.

Description of Related Art:

Hitherto, lubrication by means of fats and oils has
been used frequently in a driving mechanism such as an
engine. For instance, cylinder oil for smoothly driving a
piston within an engine cylinder is used in a ship engine,
beside system 0il used for smoothly actuating the driving
mechanism.

In addition to the performance of smoothly driving the
piston within a high temperature and high pressure
atmosphere within the cylinder, such cylinder oil is
required to have a performance of neutralizing corrosive
sulfur compound which is produced within the cylinder along
the combustion of fuel oil to prevent the c¢cylinder and

piston from corroding.
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‘engi ne. For instance, cylinder oil for smoothly driving a piston within an

engine cylinder is used in a shbipShes nbxanﬁmaw systemoil used for

snoot hly actuating the driving E ddltlon to the performance of
suc

snoothly driving the piston wt erature and hi gh pressure
at nosphere within the cylinder, cyI|n 0|I Is required to have a
performance of neutralizing corrosive sul fur conpound which is produced
within the cylinder along the conbustion of fuel oil to prevent the
cylinder and Accordingly, it is an important factor to find an acid

neutralization rate as the performance of the cylinder oil
in devéloping the cylinder oil. Therefore, the performance
of the cylinder oil has been evaluated by finding the
neutralization reaction rate of the cylinder oil by using
an acid neutralization testing apparatus since the past.

As the acid neutralization testing apparatus of the
cylinder oil, a testing apparatus for fining a
neutralization reaction time of sulfuric acid and the
cylinder oil and for finding the acid neutralization rate
from that by charging the cylinder oil which is a liquid
sample into a closed container whose internal temperature
and pressure are kept constant, by injecting the sulfuric
acid to the closed container by an injector via a reagent
injecting port which is in communication with the inside of
the closed container and by measuring changes in pressure
within the closed container.

In such an acid neutralization testing apparatus,
there has been provided an air-tight wvalve at the reagent
injecting port and the sulfuric acid has been injected
through a series of works of (1) opening the valve, (2)
inserting the injector needle to inject the sulfuric acid,
and {3) closing the valve.

Then, the time when the valve is closed has been set

as a neutralization reaction starting time of the cylinder
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-2- Accordingly, it is an inportant factor to find an acid neutralization
.rate as the performance of the cylinder oil in developing the cylinder oil.
Therefore, the perfornmance of the cylinder oil has been eval uated by
by using an
acid neutralization testing apparatus since the past. As the acid
neutralization testing apparatus of the cylinder oil, a testing apparatus
for fining . a neutralization reaction tine of sulfuric acid and the cylinder

oi | and fBrif iaRd rfhe hachdi BeHEgRLaRREdCRoFatR °f the cylinder oil

finding the neutralization reaction rate of the cylinder oi

has been found from the elapsed change in the increase of
pressure within the testing apparatus after that.

However, there has been a problem that the
neutralization reaction rate cannot be found accurately
when the measurement is carried ocut by means of the above-
mentioned acid neutralization testing apparatus in a high
temperature range in which the reaction takes place quickly
because gas leaks as the valve is opened and the measuring
conditions within the closed container change.

Further, it has been difficult to set the measuring
conditions of the high temperature and high pressure
atmosphere like that in an actual cylinder by the prior art
acid neutralization testing apparatus.

Due to that, there has been a problem that the
cylinder o0il cannot be measured directly because the
cylinder oil which is highly wviscous in a normal
temperature has to be diluted in measuring it.

Further, when the time when the valve is closed is set
as the neutralization reaction starting time as described
above, a time lag is produced between that time and the
actual neutralization starting time when the sulfuric acid
contacts with the cylinder o0il. Therefore, there has been
a problem that the neutralization reaction time until when

the reaction ends cannot be found accurately and the
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fromthat by charging the cylinder oil whichis aliquid sanple into a
. cl osed contai ner whose internal tenperature and pressure are kept constant,
by injecting the sulfuric acid to the closed container by an injector via a
reagent injecting port which is in communication with the inside of the
cl osed contai ner and by neasuring changes in pressure within the cl osed
container. In such an acid neutralization testing apparatus, there has been

jectin ort and the sulfuric
‘8?‘9 (%

rovided an air-tight valve at the reagent inje
hei d has BERHFH I HETRR (IRARRG ™ To5F S3PBPE\BE KW (A5 Ay the val ve,

2) insertin he i nj r n le to inject the sulfuric acid,
(2) serting Ac§5r£1§é§§{ tﬁﬁxgéésentlynvention Eas geen evgsed in

order to solve the aforementioned problems by providing a
neutralization testing apparatus and a neutralization
testing method which allow the neutralization reaction rate
of a ligquid sample such as lubricant oil to be measured

accurately.

SUMMARY OF THE INVENTION

A neutralization testing apparatus of the present
invention comprises a closed container into which a liquid
sample is charged; reagent injecting means for injecting a
reagent which neutralizes the liquid sample into the closed
container; temperature detecting means, provided within the
closed container to contact with the liquid sample, for
determining an increase of temperature of the ligquid sample
due to neutralization; and pressure detécting means,
provided within the closed container, for determining
changes in pressure within the closed container caused by
the neutralization; and a neutralization rate of the liquid
sample is found by measuring the changes in temperature of
the ligquid sample and the changes in pressure within the
closed container along the elapse of time by these
detecting means. The neutralization testing apparatus is

characterized in that the reagent injecting means comprises
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and (3) closing the valve. Then, the tine when the valve is closed has been
.set as a neutralization reaction starting tinme of the cylinder oil and
the acid neutralization rate of the cylinder oil has been found fromthe

el apsed change in the increase of pressure within the testing apparatus
after that. However, there has been a problemthat the neutralization
reaction rate cannot be found accurately when the neasurenent is carried

out by means of the above-
a reagent injecting port created through the closed

container so as to penetrate therethrough and an air-tight
sealing member for closing the reagent injecting port and
keeping the inside of the closed container air-tight; and
the air-tight sealing member permits an injector needle for
injecting the reagent to penetrate therethrough.

Here, the liquid sample may be a liquid substance such
as petroleum products, mineral oils other than petroleum,
and chemical compounds and includes also solid and semi-
solid fats and oils in normal temperature. For instance,
cylinder oil which is one of heavy lubricant oils and is
highly viscous in normal temperature may be also included
in the liquid sample here. In short, a substance which is
liquidized under the measuring ¢onditions such as the
temperature and pressure within the closed container may be
the liquid sample here.

The air-tight sealing member includes a member made of
a soft synthetic resin, beside a member made of an
elastomeric material such as natural rubber and synthetic
rubber. It includes not only non-foamed solid substance
but also those whose form is a foamed substance such as
urethane foam. It is noted that a closed cell type foamed
substance is preferable from the aspect of maintaining the
air-tightness.

In short, the material of the air-tight sealing member
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mentioned acid neutralization testing apparatus in a high tenperature range
i'n which the reaction takes place quickly because gas | eaks as the valve is
opened and the nmeasuring conditions within the closed contai ner change.
Further, it has been difficult to set the neasuring conditions of the high
tenperature and hi gh pressure atnosphere |ike that in an actual cylinder by
the prior art acid neutralization testing apparatus. Due to that, there has
been a problemthat the cylinder oil cannot be neasured directly because
the cyl i nde&dY oite WARERIIE NG hRPRFEEGIAE ¢ HY a 1for AEFOrERF&eat tPe HAS to be

diluted in neasuring it. .
required operational performance such as the diameter of

the injector needle which penetrates through that and the
atmosphere within the closed container.

The temperature detecting means may be a thermometer
or a thermocouple for example which can detect a thermal
change such as temperature or a quantity of heat caused by
the reaction.

The pressure detecting means may be one of wvarious
known pressure sensors as long as it can detect changes in
pressure.

According to the present invention described above,
the reagent may be injected by penetrating the injector
‘needle for injecting the reagent through the air-tight
sealing means, so that the air-tight state within the
closed container is maintained and no change occurs in the
measuring conditions regardless of the injecting operation.
Accordingly, the neutralization reaction rate may be found
accurately.

In the invention described above, it is preferable to
adopt a pressure-proof container which can sustain a high
temperature and high pressure atmosphere as the closed
container. It is particularly preferable to adopt a
pressure-proof container which can sustain and can be used

under pressure of around 1 MPa.
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Furt her, when the tinme when the valve is closed is set as the
.neutralization reaction starting tinme as described above, a tine lag is
produced between that time and the actual neutralization starting time when

the sulfuric acid contacts with the cylinder oil. Therefore, there has been
a problemthat the neutralization reaction tine until when the reaction
ends cannot be found accurately and the - 4 - neutralization reaction

rate cannot be found accurately.
That 1s, because the use of the pressure-proof

container as the closed container allows the conditions
within the closed container to be set at the condition of
high temperature and high pressure atmosphere, it becomes
possible to measure cylinder oil by directly charging it
into the closed container and the neutralization reaction
rate can be found in the state close to the actual use
conditions.

Further, it is preferable to provide a heater on the
closed container to prevent it from dewing. That is, the
provision of the heater allows to prevent it from dewing,
which otherwise occurs on the inner surface of the closed
container above the liquid level of the liquid sample, thus
allowing the neutralization reaction rate to be found more
accurately. The heater may be suitably provided at the
position described latter in the description of the
embodiment.

Preferably, a temperature detecting region of
temperature control means is disposed at the position
contacting with the liquid sample together with the
temperature detecting region of temperature detecting
means. It 1is particularly preferable to dispose the
temperature detecting region of the temperature detecting
means at the position close to the liquid level of the

liquid sample. It is because the injection of the reagent
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Accordingly, the present invention has been devised in order to solve the
~aforenenti oned problens by providing a neutralization testing apparatus and
a neutralization testing nethod which allow the neutralization reaction
rate of a liquid sanple such as lubricant oil to be neasured accurately.
SUMVARY OF THE | NVENTI ON A neutralization testing apparatus of the present

I nvention conprises a closed container into which a liquid sanple is
charged; reagent injecting nmeans for injecting_a reagent which neutralizes

the Iiqui Wiskepl agufirathees| dsrel ddtichepampd@pet 8t (- At Lt iMRF Freans,

provided within the . .
quickly by disposing the temperature detecting region of

the temperature detecting means at the position close to
the liquid level of the liquid sample.

A neutralization testing method of the present
invention has a closed container into  which a liquid
sample such as 1lubricant oil 1is charged; a reagent
injecting port which is c¢reated in communication with the
inside of the closed container for injecting a reagent
which neutralizes the liquid sample by an injector, air-
tight means for closing the reagent injecting port and
keeping the inside of the closed container air-tight,
temperature detecting means, provided wiﬁhin the closed
container in contact with the 1liguid sample, for
determining an increase of temperature of the liquid sample
due to neutralization; and pressure detecting means,
provided within the closed container, for determining
changes in pressure within the closed container caused by
the neutralization; to find a neutralization rate of the
liquid sample by measuring the changes in temperature of
the liquid sample and the changes in pressure within the
closed container along the elapse of time by these
detecting means. The neutralization testing method 1is
characterized in that the time when the change in

temperature of the liquid sample is determined by the
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cl osed container to contact with the liquid sanple, for determning an

i ncrease of tenperature of the liquid sanple due to neutralization; and
pressure detecting nmeans, provided within the closed container, for

determ ning changes in pressure within the closed contai ner caused by the
neutralization; and a neutralization rate of the liquid sanple is found by
nmeasuring the changes in tenperature of the liquid sanple and the changes
in pressure within the closed container along the elapse of time by these
det ect i ng YRERRratHre mahgtlinmmesnst egfitey aAppaFraing tBechardereriged in

that the reagent injecting nmeans conprises , ‘
set as a neutralization reaction starting time of the

liquid sample.

The present invention described above allows the
change in temperature such as an increase of temperature
caused by neutralization heat of the reagent and the liquid
sample may be immediately determined by the temperature
detecting means, so that the neutralization reaction rate
of the liquid sample may be found accurately.

The inventive neutralization testing method may be
suitably adopted in a method using lubricant oil as the
liguid sample and sulfuric acid as the reagent. The
inventive neutralization testing method may be also
suitably carried out as a neutralization . .testing method of
non-diluted lubricant oil or non-diluted cylinder oil in
particular by adopting the pressure-proof container as the
closed container.

The specific nature of the invention, as well as other
objects, uses and advantages thereof, will clearly appear
from the following description and from the accompanying

drawings.

BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 is a section view showing an internal structure

of a neutralization testing apparatus according to a
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"a reagent

i njecting port created through the closed container so as to

penetrate therethrough and an air-tight sealing nmenber for closing the

r eagent

i njecting port and keeping the inside of the closed container

air-tight; and the air-tight sealing nmenber permts an injector needle for
I njecting the reagent to penetrate therethrough. Here, the liquid sanple
may be a |iquid substance such as petrol eum products, mneral oils other

t han petrol eum and chem cal

sol i d fat Prafersefisenhodtnemt ?Enghe AUASENtFERAVRASLARCe,

FIG. 2 1is a section wview showing a structure of
reagent injecting means in the testing apparatus of the
above-mentioned embodiment;

FIG. 3 is an exploded perspective view of the reagent
injecting means in the testing apparatus of the above-
mentioned embodiment; and

FIG. 4 is a section view showing reagent injecting
means which is a modification of the reagent injecting
means of the above-mentioned embodiment.

DESCRIPTION OF PREFERRED EMBODIMENT

A preferred embodiment of the present invention will
be explained below with reference to the drawings.

FIG. 1 shows an internal structure of a neutralization
testing apparatus according to the embodiment of the
present invention. The neutralization testing apparatus
(acid neutralization testing apparatus) 10 comprises a
closed container 20, acid injecting means 30 which is
reagent injecting means provided at the upper part of the
closed container 20 and an acid injection detecting
thermocouple 40 which is temperature detecting means
provided within the closed container 20. Cylinder oil 50
which is a liquid sample is charged into the closed
container 20.

The closed container 20 also comprises a main body 210
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cylinder oil which is one of heavy lubricant oils and is hi
normal tenperature may be also included in the liquid sanpl
short, a substance which is |iquidized under the measuring
as the tenperature and pressure within the cl osed contai ner

ghly viscous in

e here. In

condi ti ons such
may be the

liquid sanple here. The air-tight sealing nenber includes a nenber nade of
a soft synthetic resin, beside a nenber nade of an el astoneric materi al
such as natural rubber and synthetic rubber. |t includes not onl¥

sudst ance

non- f oanede B dihiel cemsrimee buto akich Hdse hbkrdenredl sis ¢

such as urethane foam It is noted that a closed cell type foaned

1lid member 220 for closing the main body 210 to keep it
air-tight, and a frame member 230 provided so as to
surround the main body 210 and directly joined with the 1lid
member 220.

Here, the 1id member 220 and the frame member 230 are
made of cast iron and the main body 210 is made of
monolithic pressure-proof glass. The closed container 20
is made to be a pressure-proof container which can sustain
up to 1 MPa by hermetically joining these members.

The main body 210 is approximately a cylindrical
member whose bottom is closed semi-spherically and in which
an opening face 211 is created at the upper part thereof.
A projection 212 which projects radially toward the outside
of the c¢cylinder is formed at the outer periphery of the
opening face 211.

A heater 240 for controlling the temperature of the
liquid sample is provided at the outer peripheral surface
near the bottom of the main body 210.

The 1lid member 220 is a disk-like member for covering
the opening face 211 of the main body 210. The 1lid member
220 is provided with an agitator 250 for agitating the
cylinder o0il 50 and an o0il temperature controlling
thermocouple 260 for controlling the temperature of the

cylinder oil 50, beside the acid injecting means 30
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substance is preferable fromthe aspect of maintaining the air-tightness.
In short, the material of the air-tight sealing nenber -6 - may be
determ ned appropriately in accordance to the required operational
performance such as the dianeter of the injector needl e which penetrates

t hrough that and the atnosphere within the closed contai ner.

The

tenperature detecting neans nmay be a thernoneter

described later and the acid injection detecting
thermocouple 40.

The frame member 230 is approximately a cylindrical
member which covers the outer surface of the main body 210
and 1is opened at the top and bottom thereof. It 1is
attached to the main body 210 so as to be vertically
movable in FIG. 1.

The frame member 230 is also provided with an outward
projection 231 formed radially toward the outside of the
cylinder at the opening face at the upper side thereof and
an inward projection 232 which projects radially toward the
inside of the cylinder. A heater 233 for preventing dewing
is provided also at the cylindrical outer surface of the
frame member 230.

The main body 210 is joined with the 1lid member 220
through the intermediary of the frame member 230. The 1lid
member 220 1is joined with the frame member 230 near the
outer peripheral edge thereof by bolts 234 and the frame
member 230 is abutted and joined with the main body 210
through the intermediary of a cushion 235 at the upper face
of the inward projection 232 and the lower face of the
projection 212 of the main body 210.

An O-ring 213 is also interposed between the opening
face 211 of the main body 210 and the lower face of the 1lid

member 220. When the bolts 234 are tightened, the cushion
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or a thernocouple for exanple which can detect a thermal change such as
tenperature or a quantity of heat caused by the reaction. ’Wﬂ&h&ﬁﬂ&ﬁ%&emghwd
detecting neans nay be one of various known pressure sensor

can detect changes in pressure. According to the present in uut’mm’mmu
descri bed above, the reagent may be injected by penetrating

needl e for |nJect|ng the reagent through the air-tight seallng nmeans,

h h t th th I d tainer, i.s _naint d and no
thange actie HHE 1 FBE TBSLHRbng Lobiie | SHEST SORPal B8 HRTOREat dotvag
operation,

maintaining the air-tightness of the closed container 20.

It i1s noted that although not shown in FIG. 1, a
pressure sensor for determining an increase of pressure
within the system is provided as pressure detecting means
within the closed container 20 and is connected to an
outside pressure sensor monitor in order to measure the
pressure within the closed container 20.

The acid injection detecting thermocouple 40 is
provided on the side of the lower face of the 1id member
220 in FIG. 1 and is extended downward together with the
agitator 250 and the o0il temperature controlling
thermocouple 260.

The acid injection detecting thermocouple 40 and the
oil temperature controlling thermocouple 260lare provided
such that the edge portions thereof which are temperature
detecting sections reach under the liquid level of the
cylinder oil 50 and the cardinal ends thereof penetrate
through the 1id member 220 and are connected to the outside
temperature detector 270. It is noted that the edge
portion of the acid injection detecting thermocouple 40 is
disposed at the region close to the liquid level of the
cylinder oil S50 as compared to the edge portion of the oil
temperature controlling thermocouple 260.

The agitator 250 comprises a shaft 251 and a propeller
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Accordingly, the neutralization reaction rate may be found accurately. In
the invention described above, it is preferabl guienadepBean Rpgl@ssur e- pr oof

cont ai ner which can sustain a high tenperature 4 [ re at nosphere
as the closed contai ner. It is particularly pr opt a

pressure-proof container which can sustain and c NL“

used under pressure
of around 1 MPa. - 7 -

252 created at the edge of the shaft 251 and is provided so

as to be rotatable centering on the axis which extends
almost from the center of the circular 1lid member 220. The
"cardinal end of the shaft 251 penetrates through the 1lid
member 220 and is connected with a motor (not shown in FIG.
1) provided at the outside. It is noted that although hot
shown in FIG. 1, no gas leaks from the parts where they
penetrate through the lid member 220 because air-tight seal
is applied and the air-tightness within the closed
container 20 is kept.

As shown in a section view in FIG. 2 and an exploded
perspective view in FIG. 3, the acid injecting means 30 is
provided on the above-mentioned lid member 220.

The acid injecting means 30 has an acid injecting port
300 which penetrates through the 1lid member 220 and a disk-
like rubber plug 310 which is an air-tight sealing member.
Beside them, it comprises a joint member 320 which is
jointed with the acid injecting port 300, a guide member
330 jointed with the joint member 320 for guiding an
injection needle 60 to the acid injecting port 300 and a
fixed member 340 which is jointed with the guide member 330
for fixing the rubber plug 310 on the guide member 330.

The acid injecting port 300 is created on the 1lid
member 220 so as to penetrate through the closed container

20. In correspondence to the acid injecting port 300, a

o ———
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'That I's, because the use of the pressure-proof container as the closed
container allows the conditions within the closed contai nerThiOSHa® Ha€lee@Replaced
the condition of high tenperature and hi gh pressure atnosphe

possi ble to neasure cylinder oil by directly charging it int %E%Eﬂw
contai ner and the neutralization reaction rate can be found in

close to the actual use conditions. Further, it is preferable to provide a
heater on_the_cl osed contajner_to prevent jt fromdew ng. That _is, the
provisionf%?a%ﬁesﬁE%Ye?e%ﬁ+?ﬂw§Q%)ﬁﬁw§h§ﬁe4taq|€§%(ﬂ@ﬁeﬁgfaﬁﬁiBﬁ &PRer wi se

occurs on_the inner surface of the closed L . o
1lid member 220 in FIG. 1 so as to joint with the joint

mempber 320.

The rubber plug 310 is nearly a disk-like member which
is made of silicon rubber having no gas permeability from
the surface to the back thereof. Even if a small hole
which penetrates from the surface to the back of the plug
is created, it is closed by the elasticity of the silicon
rubber and the air-tightness of the rubber plug 310 is
kept.

As it is apparent from FIGs. 2 and 3, the joint member
320 is a member having a shape in which cylinders having
different diameters at the top and bottom are jointed. It
has a male screw section 321 formed on the outer face of
the lower cylinder having a small diameter and a female
screw section 322 formed on the inner face of the upper
cylinder having a large diameter. A tapered convex portion
323 1is provided at the bottom of the female screw section
322 along the direction in which the cylinder is extended.
Then, the joint member 320 is joined with the acid
injecting port 300 by screwing the male screw section 321
into the female screw section 301 of the acid injecting
port 300.

The guide member 330 is approximately a cylindrical

member whose both ends are opened and is provided with, as
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contai ner above the liquid |evel of the liquid sanple, thus allow ng the
neutralization reaction rate to be found nore acegit gteedtas Been Rigdackibat er may
be suitably provided at the position described | atit [ cription of
t he enbodi nent. Preferably, a tenperature deteck[mﬁl of
tenperature control neans is disposed at the positi ontacting with the

| i quid sanpl e together with the tenperature detecting region of tenperature
det ecti ng neans. is particularly _preferable to dlspose t he tenpperature
det ecti ng Fé@PoﬁbeF¥ﬁe Lenper Blargeget ket indpdeand3 it ter@efost i BRecl ose

to the liquid |evel of the
middle section of the guide member 330 so as to project

radially toward the outside, a male screw section 332
formed at the lower part of the outer face of the cylinder
and a male screw section 333 formed at the upper part
théreof. Further, an inversely tapered concave section 334
is formed at the end face of the lower part of the guide
member 330 in FIG. 2 along the outer periphery of the
radial end face of the cylinder.

Then, the male screw section 332 of the guide member
330 is screwed into the female screw section 322 of the
joint member 320 to joint the guide member 330 with the
joint member 320 and to joint the convex portion 323 of the
joint member 320 hermetically with the concave portion 334
of the guide member 330 through an intermediary of a seal
tape (not shown in FIGs. 2 and 3).

The fixed member 340 is a cylindrical member whose
upper end is closed and whose lower end is opened as shown
in FIG. 2. An insertion hole 341 is created through the
upper end thereof to insert the injector needle 60 and a
female screw section 342 is formed on the inner face of the
cylinder.

Then, the rubber plug 310 is held within the cylinder
of the fixed member 340. When the female screw section 342

of the fixed member 340 is screwed with the male screw

g CTHIS SHELT £t
REPLACED




liquid sanple. It is because the injection of the reagent - 8 - which
neutralizes the liquid sanple is detected fR!&eqyhCldeyrO¥acdi Sposing the

tenperature detecting region of the tenperat nmeans at the
mﬂHi : neutralization
tainer into which

position close to the liquid |level of the |
a liquid sanple such as lubricant oil is charged; a reagent

testing nethod of the present invention has

section 333 at the upper part of the guide member 330, the
rubber plug 310 is compressed and fixed between the closed
end of the fixed member 340 and the upper face of the guide
member 330.

An acid neutralization reaction rate of the cylinder
0il 50 may be measured by the neutralization testing
apparatus 10 described above through the following
procedure.

At first, the cylinder oil 50 is charged into the main
body 210 and then the inside of the closed container 20 is
put into the air-tight state by the lid member 220.

Then, the temperature of the cylinder oil 50 is
increased by using the agitator 250 and the heaters 240 and
233 together as necessary to control the measuring
conditions within the closed container 20 to the preset
values while determining the temperature by the temperature
sensor 270 to which the o0il temperature c¢ontrolling
thermocouple 260 is connected.

Next, sulfuric acid which neutralizes the cylindéf oil
50 is put into the injector in advance and the injector
needle 60 is inserted to the inside of the closed container
20 by penetrating through the rubber plug 310 from a hole
341 created through the fixed member 340 which composes the
acid injecting means 30 to inject'a predetermined amount of

sulfuric acid to the closed container 20.

A e o st 4 e -
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i_nj ecting port which is created in conmunication with the inside of the
closed container for injecting a repogel MhbEhrROBUL @l i zes the 1iquid

sanple by an injector, air- tight I g the reagent injecting
port and keeping the inside of thewgﬂ!ﬂ% mﬁlﬂfmmgr air-tight, tenperature
detecting neans, provided within th ner in contact with the

i quid sanpl e,

for determning an increase of tenperature of the liquid

sanpl e due to neutralization; and pressure detecting neans, provided wthin
the cl osed cont &MA&A1g%eldet affiat ngdhankeserhlprlessd e GHABFR t BB cl osed

cont ai ner caused by the neutralization;

t he

temperature of the cylinder oil 50 is determined by the
temperature detector 270 to which the acid injection
detecting thermocouple 40 is connected to record the time
when the change in temperature is determined as a starting
time of the acid neutralization reaction.

Then, after determining the reaction starting time,
the increase of pressure within the closed container 20 is
measured along an elapse of time by the aforementioned
pressure sensor monitor and a point of time when the
pressure within the closed container 20 becomes constant is
recorded as a neutralization reaction ending time.

It is noted that the pressure increases within the
closed container 20 due to carbon dioxide gas which is
produced along the neutralization reaction between the
cylinder o0il 50 which is the liquid sample and the sulfuric
acid which is the reagent.

The above-mentioned embodiment brings about the
following effects.

Because the rubber plug 310 is used in the acid
injecting means 30, the hole caused by the injector needle
60 is closed by the elasticity of the rubber plug 310 even
when the injector needle 60 penetrates through the rubber
plug 310. Accoréingly, the air-tight state within the

closed container 20 may be maintained and the

18

to find a neutralization rate of
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| i qui d sanpl e by measuring the changes in tenperature of the liquid sanple
and the changes in pressure within the closed container along the el apse of
tinme by these detecting neans. Fhies ag pee ldegsh testing nethod is

characterized in that the tine Whﬁgmﬁ ﬂhﬁ m‘w tenperature of the liquid
sanple is determ ned by the te Ing nmeans after injecting

the reagent is set as a neutralization reaction starting tine of the liquid

sanpl e.

neutralization reaction rate may be measured accurately
without causing any error in the measuring conditions due
to leakage of gas and the like.

Further, because the rubber plug 310 is attached in
the state compressed by the guide member 330 and the fixed
member 340, the force of closing the hole caused by the
injector needle 60 by the elasticity of the rubber plug 310
is also large, so that the air-tight state may be
maintained even if the pressure within the closed container
20 is high.

Further, because the measuring conditions within the
closed container 20 may be set at high temperature and high
pressure conditions which are close to those of the inside
of an actual cylinder by constructing the closed container
20 so as to be able to sustain up to 1 MPa of internal
pressure, the acid neutralization reaction rate which is
closer to the actual condition may be found.

Still more, the neutralization reaction rate may be
found in a state in which the cylinder oil 50 can be
reacted (agitated) more easily by reducing the viscosity of
the cylinder oil 50 by keeping the inside of the closed
container 20 at high temperature. Accordingly, the
neutralization reaction rate may be found accurately
without diluting the cylinder oil 50 with base oil.

Further, because a time lag with the actual

19 THIS SHEET HAS BEEN |
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The present invention described above allows the change in tenperature such
as an increase of tenperaturemgggqusb%n aﬁk&alization heat of the reagent

and the liquid sanple may be i erm ned by the tenperature
detecting neans, so that the d
sanpl e may be found accur at el e neutralization testing nethod

reaction rate of the liquid
may be suitably adopted in a nethod u3|ng | ubricant oil as the liquid

sanple and sulfuric acid as the reagent. The inventive neutralization
testing mBEE IhyZBE 18N 0T8Ity Sdat ek utt 1Re a AUt P& | FRSILIHY t esti ng
met hod of non-diluted lubricant oil or non-diluted cylinder oil in

eliminated by setting the time when the temperature as
determined by the acid injection detecting thermocouple 40
changes as the neutralization reaction starting time. 1In
Particular, the reaction with the sulfuric acid which is
injected from the upper part of the closed container 20 may
be quickly detected by disposing the edge of the acid
injection detecting thermocouple 40 near the liquid level
of the cylinder oil 50, the neutralization reaction rate
may be found accurately also from this point of view.

Next, results on experimen;s carried out to compare
the performance of the inventive neutralization testing
apparatus and the neutralization testing method with that
of the prior art acid neutralization testing apparatus and
the neutralization testing method will be described below.

The above-mentioned neutralization testing apparatus
10 was used as the inventive neutralization testing
apparatus and the above-mentioned procedure was adopted as
the neutralization testing method.

Meanwhile, as the prior art acid neutralization
testing apparatus, an apparatus comprising a container
equipped with a pressure sensor, a thermometer and an air-
tight valve (sulfuric acid injecting port) was used as a
closed container and means which can set the temperature of

cylinder oil charged into this container at a predetermined

e v B o e~ R - A 3 v
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particul ar by adopting the pressure-proof container as the closed

cont ai ner.

The specific nature of the invention, as well as ot her A

uses and advantages thereof, will clearly appear from theTH
description and fromthe acconpanyi ng draw ngs. BRI EF DES
DRAWNGS FIG 1 is a section view show ng an internal stru
neutralization testing apparatus according to a

temperature was adopted.

The acid neutralization test was carried out as
follows. That is, the cylinder oil was charged into the
closed container and was heated. When the temperature
reached at a predetermined temperature, the air-tight valve
was opened to inject the sulfuric acid by inserting an
injector needle. Then, after closing the wvalve, a
neutralization reaction rate was found by recording changes
in temperature within the reaction system and changes in

pressure within the closed container along the elapse of

time along the elapse of time.

The composition of the liquid sample (cylinder oil)

used for the comparison of the performance was as follows:

base oil B 75.5 wt%
alkenil succinic acid imide 0.5 wt%
TBN 280 sulfonate 24.0 wt%

Further, in the comparison of the performance, the
time up to when the increase of the pressure within the
closed container was detected after injecting the sulfuric
acid and the pressure within the closed container after 30
seconds from the injection of the sulfuric acid were
measured as characteristic values. Table 1 shows the
measuring conditions.

Table 1:

Eep aced

\l

I
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-10 - preferred enbodi ment of the present invention; FIG 2Tﬁ§$@a?ﬁ§ﬁ&9ﬁqﬂmmd
view show ng a structure of reagent injecting neans in the t

apparatus of the above-nentioned enbodinment; FIG 3 is an examugﬂluuunu ul
perspective view of the reagent injecting neans in the testi

t he above- nmentioned enbodinent; and FIG 4 is a section view show ng

reagent injecting neans which is a nodification of the reagent injecting
means of the above-nentionegtggpodinent. DESCRIPTICNEEEuEEEFERRED
EVMBODI MENT
Conditions
0il Temperature (°C) 160
Concentration of sulfuric acid (N) 35.9
Amount of sulfuric acid 1
added(ml/liquid sample 100g)
Table 2 shows the measurement results.
Table 2:
Pressure increase Pressure within
starting time closed container
_ after 30 seconds
Embodiment 0 second 1.4 kchm2
Comparative Case 43 seconds 0 kg/cm2

Thus, the neutralization testing apparatus 10 of the
present embodiment allows the starting time of the acid
neutralization reaction to be accurately grasped as the
pressure increase starting time and the neutralization
reaction rate of the cylinder oil to be accurately found.
Further, because the air-tightness of the closed container
20 is kept even during the measurement, the measuring
conditions within the closed container 20 do not change due
to leakage of gas and the like and the neutralization
reaction rate may be found accurately.

It is noted that the present invention is not confined
only to the above-mentioned embodiment but contains also

the following variations.
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A preferred enbodi nent of the present invention wll be explained bel ow
with reference to the drawings. FIG 1 shows & gnb: ALk, 4 lgture of a
neutralization testing apparatus according to l’ﬁm%ﬁ 6f the pr esent

i nventi on. The neutralization testing appara rallzatlon
testing apparatus) 10 conprises a closed conta I nj ecti ng neans
30 which is reagent injecting neans provided at the upper part of the

cl osed container 20 and an acid injection detecting thernocouple 40 which

i s tenperature Heaecibngaltiomedh pileoyi Beagent hinieRs iogoseansontashér 20.

Cylinder oil 50 which is a liquid sanple is charged into the closed
injecting means) 30 has been composed of the reagent

injecting port {acid injecting port) 300, the rubber plug
310, the joint member 320, the guide member 330 and the
fixed member 340 in the embodiment described above, reagent
injecting means 90 as shown in FIG. 4 may be also adopted.

The reagent injecting means 90 shown in FIG. 4 has an
acid injecting port 900 and the rubber plug 310. A male
screw section 910 is formed so as to protrude outside at
the reagent injecting port 900 and a fixing member 920 1is
screwed with the male screw section 910 so as to pinch and
fix the rubber plug 310.

In short, any structure may be adopted so long as it
allows the rubber plug to be fixed at the reagent injecting
port and the injector needle to be penetrated therethrough
without causing any gas leakage even when the pressure
within the closed container increases.

Further, although the acid neutralization test has
been carried out by using the cylinder oil 50 for ship
engine as the liquid sample in the embodiment described
above, engine oil for automobiles and other lubricant oils
may be measured by the same method. The same test may be
also carried out by melting a semi-solid substance such as
grease as a ligquid sample.

Still more, although the neutralization reaction test
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contai ner 20. The cl osed container 20 al so conprises a main body 210 -

11 - of the container into which the cylinder oil is charged, a |lid nenber
220 for closing the nmain body 210 to keep it air-tight, and a frame nenber
230 provided so as to surround the main body 210 and directly joined with
the Iid nenber 220. Here, the |lid nenber 220 and the frame nenber 230 are

has been carried out by using the sulfuric acid as the
reagent in the embodiment described above, the inventive
neutralization testing apparatus and neutralization testing
method may be used also in a neutralization reaction test
using a basic reagent such as sodium hydroxide.

Beside those described above, the concrete structure,
shape and othefs of the present invention in implementing
it may be modified within the scope of achieving the object
of the present invention.

Thus, the inventive neutralization testing apparatus
and neutralization testing method described above allow the
neutralization reaction starting time to be accurately
detected without causing any change in the measuring
conditions due to gas leakage or the like, so that the
neutralization reaction of the liquid sample may be

measured accurately.

is Sheet Has Been Replaced
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made of cast iron and the main body 210 is made of nonolithic
pressure-proof glass. The closed container 20 is nade to be a

pressure-proof container which can sustain up to 1 MPaThy sheriis Bbda®RebiNeed

menber whose bottomis closed sem -spherically and in

joining these nenbers. The main body 210 is approxi mat WHWHHHEEIUE
[
211 is created at the upper part thereof. A projection

radially t
peri phery

d.the outside of the cylinder is forned at the outer
@%g%hésoﬁéﬁFﬂ@ fi%e 211. A heater 240 for controlling the

t enper ature of Hhe liquid sanple is provided at the outer peripheral

surface

A neutralization testing apparatus, comprising:

a closed container into which a ligquid sample is
charged;

reagent injecting means for injecting a reagent which
neutralizes said liquid sample into said closed container;

temperature detecting means, provided within said
closed container to contact with said liquid sample, for
determining an increase of temperature of said liquid
sample ‘due to neutralization; and

pressure detecting means, provided within said closed
container, for determining changes in pressure within said
closed container caused by the neutralization;

a neutralization rate of said liquid sample being
found by meésuring the changes in temperature of said
liguid sample and the changes in pressure within said
closed container along the elapse of time by these
detecting means;

said neutralization testing apparatus being
characterized in that:

said reagent injecting means comprises a reagent
injecting port created through said closed container so as
Lo penetrate therethrough and an air-tight sealing member
for closing said reagent injecting port and keeping the

inside of said closed container air-tight; and

I
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near the bottom of the main body 210. The |id menber 220 is a disk-like
menber for covering the opening face 211 of the main bodythiSbket Hd3BedniRdplaced

menber 220 is provided with an agitator 250 for agitating il
50 and an oil tenperature controlling thernocouple 260 for he
tenperature of the cylinder oil 50, beside the acid injecting neans -
12 - described |later and the acid injection detecting

said air-tight sealing member permits an injector
needle for injecting said reagent to penetrate
therethrough.

2. The.neutralization testing apparatus according to
Claim 1, wherein said closed container is a pressure-proof
container.

3. The neutralization testing apparatus according to
Claim 1 or 2, wherein a heater for preventing dewing is
provided on said closed container.

4. The neutralization testing apparatus according to
Claim 1 or 2, further comprising temperature detecting
‘means which is provided within said closed container to
contact with said liquid sample to control the temperature
of said liquid sample;

a temperature detecting region of said temperature
detecting means for determining the increase of temperature
due to the neutralization being located at the position
close to the liquid level of said liquid sample as compared
to a temperature detecting region of said temperature
detecting means for controlling the temperature.

5. A neutralization testing method, having:

a closed container into which a liguid sample is
charged;

reagent injecting means for injecting a reagent which

neutralizes said liquid sample into said closed container;
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t her mocoupl e 40. The frame nmenber 230 is approximately a cylindrical menber
whi ch covers the outer surface of the nain bodyr2 geg dd. ghed at the
top and bottom t hereof. It is attached to the 0 as to be
vertically nmovable in FIG 1. The frame nenber Zi i‘% %“ﬁ[zl ded with an
outward projection 231 fornmed radially toward th e cylinder
at the opening face at the upper side thereof and an inward projection 232
which projects radially toward the inside of the cylinder. A heater 233 for
preventing dewi REMPETPt¥iedcdetPSEing (hRARS| | RIddedurerhddr f8@edof the

closed container to contact with said liquid sample, for

determining an increase of temperature of said liquid

sample due to neutralization; and

pressure detecting means, provided within said closed
container, for determining changes in pressure within said
closed container caused by the neutralization;

a neutralization rate of said liquid sample being
found by measuring the changes in temperature of said
liquid sample and the changes in pressure within said
closed container along the elapse of time by these
detecting means;

said neutralization testing method being characterized
in that the time when the change in temperature of said
ligquid sample is determined by said temperature detecting
means is set as a neutralization reaction starting time of
said liquid sample.

6. The neutralization testing method according to
Claim 5, wherein lubricant oil is used as the liquid sample
and sulfuric acid is used as the neutralization reagent.

7. The neutralization testing method according to
Claim 6, wherein a pressure-proof container is used as the
closed container and non-diluted lubricant oil is used as
the liquid sample.

8. The neutralization testing method according to
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frame nenber 230. The main body 210 is joined with the |lid nenber 220
through the internediary of the franme menber 230. The |i driBiRE 2500 kS laced
joined with the frame nenber 230 near the outer peripheral
bolts 234 and the frame menber 230 is abutted and joi ned w T
210 through the internediary of a cushion 235 at the upper

i nward projection 232 and the | ower face of the projection 212 of the main
body 210. An O-ring 213 is also iinterpqgsed _hetween the, opening face 211 of
Che’ mai n’ bOAP L0 P THRLR oWSR-FALBEBR. CHA UGS irtior L5 BSCRNER (3 bol ¢ s
234 are tightened, t he cushi on

iquid sample.

A
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-13- 235 and the Oring 213 are conpressed and deforned, thus maintaining
the air-tightness of the closed container 20. It is noted that although not
shown in FIG 1, a pressure sensor for determ ning an increase of pressure
within the systemis provided as pressure detecting nmeans within the cl osed
container 20 and is connected to an outside pressure sensor nonitor in
order to neasure the pressure within the closed container 20.

ABSTRACT OF THE DISCLOSURE

A neutralization testing apparatus and a
neutralization testing method which allow a neutralization
reaction rate of a ligquid sample such as lubricant oil to
be accurately measured are provided. Reagent injecting
means for injecting a reagent which neutralizes the liquid
sample is provided on a lid member which composes a closed
container into which the liquid sample is charged. The
reagent injecting means comprises an acid injecting port
which penetrates through the closed container and an air-
tight sealing member which closes the acid injecting port
and which permits an injector needle for injecting the
reagent to penetrate therethrough. Because no gas leakage
occurs even when the injector needle is penetrated because
of the elasticity of the air-tight sealing member, the
measuring conditions within the closed container do not
change and the neutralization reaction rate may be found

accurately.

This Sheet Has Been Replaced

R

THIS SHEET HAS BEEN

|
29 i S
| =Pl ACED

o e



The acid injection detecting thernocouple 40 is provided on the side of the
| ower face of the lid nenber 220 in FIG 1 and is extended downward
together with the agitator 250 and the oil tenperature controlling

t her nocoupl e 260. The acid injection detecting thernocouple 40 and the oi
tenperature controlling thernocouple 260 are provided such that the edge
portions thereof which are tenperature detecting sections reach under the
liquid level of the cylinder oil 50 and the cardi nal ends thereof penetrate
through the Iid menber 220 and are connected to the outside tenperature
detector 270. It is noted that the edge

Fig. 1
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portion of the acid injection detecting thernocouple 40 is disposed at the
region close to the liquid | evel of the cylinder oil 50 as conpared to the
edge portion of the oil tenperature controlling thernocouple 260. The
agitator 250 conprises a shaft 251 and a propeller -14- 252 created at
the edge of the shaft 251 and is provided so as to be rotatable centering

on the axis which extends alnost fromthe center of the circular |Iid nmenber
220. The

Fig. 2
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cardinal end of the shaft 251 penetrates through the Iid nmenber 220 and is
connected with a notor (not shown in FIG 1) provided at the outside. It is
noted that although not shown in FIG 1, no gas |eaks fromthe parts where
t hey penetrate through the lid nmenber 220 because air-tight seal is applied
and the air-tightness within the closed container 20 is kept. As shown in a
section viewin FIG 2 and an expl oded perspective viewin FIG 3, the acid
injecting means 30 is provided on the above-nentioned |id nenber 220. The
acid injecting neans 30 has an acid inj ' t 300 which penetrates
through the Iid nenber 220 and a dis 34|
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l.i ke rubber plug 310 which is an air-tight sealing nmenber. Beside them it
conprises a joint nenber 320 which is jointed with the acid injecting port
300, a guide nmenber 330 jointed with the joint nenber 320 for guiding an
injection needle 60 to the acid injecting port 300 and a fixed nenber 340
which is jointed with the guide nmenber 330 for fixing the rubber plug 310
on the guide nenber 330. The acid injecting port 300 is created on the |id
menber 220 so as to penetrate through the closed container 20. In
correspondence to the acid injecting port 300, a

Fig. 4
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plug 310 is nearly a disk-l1ike nenber which is made of silicon ru
havi ng no gas perneability fromthe surface to the back thereof.

a snal |
creat ed,

r.
0N i f

hol e whi ch penetrates fromthe gsurface to the back of the plug is

it is closed by the elasticity™of the silicon rubber and the
air-tightness of the rubber plug 310 is kept.

NEUTRALIZATION TESTING APPARATUS AND

NEUTRALIZATION TESTING METHOD

BACKGROUND OF THE INVENTION

Field of the Invention:

The present invention relates to a neutralization
testing apparatus and a neutralization testing method of a
liquid sample such as lubricant oil and may be utilized in
measuring an acid neutralization rate of cylinder oil which
is heavy lubricant oil for example.

Description of Related Art:

Hitherto, lubrication by means of fats and oils has
been used frequently in a driving mechanism such as an
engine. For instance, cylinder oil for smocthly driving a
piston within an engine cylinder is used in a ship engine,
beside system oil used for smoothly actuating the driwving
mechanism.

In addition to the performance of smoothly driving the
piston within a high temperature and high pressure
atmosphere within the cylinder, such cylinder oil is
required to have a performance of neutralizing corrosive
sﬁlfur compound which is produced within the cylinder along

the combustion of fuel oil to prevent the cylinder and

$% -4
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- 15 - fenmale screw section 301 is forned at the upper face of(zzg}hﬁ%*ff
nenber 220 in FIG 1 so as to joint with the joint nenber 320. Thg quQ?rQ?
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havi ng a shape in which cylinders having different dianeters tfthe top and
bottomare jointed. It has a nale screw section 321 formed on] theldutldi 1897
face of the | ower cylinder having a small dianeter and a feng#q SCrew

h

otit

As it is apparent fromFIGs. 2 and 3, the joint nmenber 320 isé?E%@%%ﬂﬁENT SHEET

section 322 fornmed on the inner face of 4§he upper cylinder | Ny~ a Targe
di aneter. A tapered convex portion 323 is provided at the b om of the
femal e screw section 322 along the direction in which the cylinder is
extended. Then, _the joint nmenber 320 is joined with the acid injecting port
300 by scremﬁngAFﬁ%raﬁP%;%crkﬁﬁ§%d¥}dﬁE§¥TaPﬁt5aFﬁ@rfEﬁaFén§cP§mF§é@tion

301 of the acid injecting _
neutralization rate as the performance of the cylinder oil

in devéloping the cylinder oil. Therefore, the performance
of the cylinder oil has been evaluated by finding the
neutralization reaction rate of the cylinder oil by using
an acid neutralization testing apparatus since the past.

As the acid neutralization testing apparatus of the
cylinder o0il, a testing apparatus for fining a
neutralization reaction time of sulfuric acid and the
cylinder oil and for finding the acid neutralization rate
from that by charging the cylinder oil which is a liquid
sample into a closed container whose internal temperature
and pressure are kept constant, by injecting the sulfuric
acid to the closed container by an injector via a reagent
injecting port which is in communication with the inside of
the closed container and by measuring changes in pressure
within the closed container.

In such an acid neutralization testing apparatus,
there has been provided an air-tight wvalve at the reagent
injecting port and the sulfuric acid has been injected
through a series of works of (1) opening the wvalve, (2)
inserting the injector needle to inject the sulfuric acid,
and (3) closing the valve.

Then, the time when the valve is closed has been set

as a neutralization reaction starting time of the cylinder
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port 300. The gui de nmenmber 330 is approximately a cylindrical ﬁi@?ﬁ&f&r} NETOB 5H

both ends are opened and is provided with, as - 16 - seen FIG. Z,a
flange-1i ke handl e 331 forned at the m ddl e section of the guﬁd m@ﬂﬁg g ]
so as to project radially toward the outside, a male screw s ct|0n3 et

formed at the |lower part of the outer fage.of the cylinder and aﬁmﬁﬁaéx#@wm
section 333 forned at the upper part =

oil and the acid neutralization rate of the cylinder oil
has been found from the elapsed change in the increase of
pressure within the testing apparatus after that.

However, there has been a problem that the
neutralization reaction rate cannot be found accurately
when the measurement is carried out by means of the above-
mentioned acid neutralization testing apparatus in a high
temperature range in which the reaction takes place quickly
because gas leaks as the valve is opened and the measuring
conditions within the closed container change.

Further, it has been difficult to set the measuring
conditions of the high temperature and high pressure
atmosphere like that in an actual cylinder by the prior art
acid neutralization testing apparatus.

Due to that, there has been a problem that the
cylinder oil cannot be measured directly because the
cylinder oil which is highly wviscous in a normal
temperature has to be diluted in measuring it.

Further, when the time when the valve is closed is set
as the neutralization reaction starting time as described
above, a time lag is produced between that time and the
actual neutralization starting time when the sulfuric acid
contacts with the cylinder oil. Therefore, there has been
a problem that the neutralization reaction time until when

the reaction ends cannot be found accurately and the

i LT |



thereof. Further, an inversely tapered concave section 334 is Pt RN he HE
end face of the Iower part of the guide nenber 330 in FIG 2 a %Egm% EWENqu”E
outer periphery of the radial end face of the cylinder. Then, |he EqJ Fo e
screw section 332 of the guide nmenber 330 is screwed into the fem é’géﬁewﬁ?
section 322 of the joint nmenber 320 to.jg@int the guide nmenber B30 with the,....
joint nmenber 320 and to joint the convex—portion 323 of the joint nmenber

320 hernetically with the concave portion 334 of the gui de menbBer—380wm <mv..
through am,dLelyiflaich Yea S8R rheBLRRl: SO WA Bciratedd 3). The

fixed nmenber I's a cylindrical menber ose
Accordingly, the present invention has been devised in

order to solve the aforementioned problems by providing a
neutralization testing apparatus and a neutralization
testing method which allow the neutralization reaction rate
of a liquid sample such as lubricant oil to be measured

accurately.

SUMMARY OF THE INVENTION

A neutralization testing apparatus of the present
invention comprises a closed container into which a liquid
sample is charged; reagent injecting means for injecting a
reagent which neutralizes the liquid sample into the closed
container; temperature detecting means, provided within the
closed container to contact with the liquid sample, for
determining an increase of temperature of the liquid sample
due to neutralization; and pressure detécting means,
provided within the closed container, for determining
changes in pressure within the closed container caused by
the neutralization; and a neutralization rate of the liguid
sample is found by measuring the changes in temperature of
the liquid sample and the changes in pressure within the
closed container along the elapse of time by these
detecting means. The neutralization testing apparatus is

characterized in that the reagent injecting means comprises
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upper end is closed and whose |lower end is opened as shown in
I-nsertion hole 341 is created through the upper end thereof tg
i njector needle 60 and a femal e screw section 342 is formed o
face of the cylinder. Then, the rubber plug 310 is held wthi
of the fixed nmenber 340. Wen the fenmalegscrew section 342 of

1
l

RERLAGENENT SHE

g
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iinsert the i
?

hé §nBBE 937
he cyl i nder
t he Tixed

340 is screwed with the mal e screw -17 - -

a reagent injecting port created through the closed
container so as to penetrate therethrough and an air-tight
sealing member for closing the reagent injecting port and
keeping the inside of the closed container air-tight; and
the air-tight sealing member permits an injector needle for
injecting the reagent to penetrate therethrpugh.

Here, the liquid sample may be a liquid substance such
as petroleum products, mineral oils other than petroleum,
and chemical compounds and includes also solid and semi-
solid fats and oils in normal temperature. For instance,
cylinder oil which is one of heavy lubricant oils and is
highly wviscous in normal temperature may be also included
in the ligquid sample here. In short, a substance which is
ligquidized under the lmeasuring conditions such as the
temperature and pressure within the closed container may be
the liquid sample here.

The air—tight sealing member includes a member made of
a soft synthetic resin, beside a member made of an
elastomeric material such as natural rubber and synthetic
rubber. It includes not only non-foamed solid substance
but also those whose form is a foamed substance such as
urethane foam. It is noted that a closed cell type foamed
substance is preferable from the aspect of maintaining the
air-tightness.

In short, the material of the air-tight sealing member



section 333 at the upper part of the guide menber 330, the ru BEPiﬁﬁﬁyEﬁIoSHEEi

I s conpressed and fixed between the closed end of the fixed n?er 340 and
the upper face of the guide nmember 330. An acid neutralization yeacki 9P 957
rate of the cylinder oil 50 nmay be neasured by the neutralization testing
apparatus 10 described above through thegfoll ow ng procedure.£At Frrst—t
cylinder oil 50 is charged into the mai nmbody 210 and then the inside of
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the closed container 20 is put into the air-tight state by the Iid menber
220. Then, g tQMPELALYEE s 108 E¥L19% 1% | 1RO dGcordance to the

required operational performance such as the diameter of
the injector needle which penetrates through that and the
atmosphere within the closed container.

The temperature detecting means may be a thermometer
or a thermocouple for example which can detect a thermal
change such as temperature or a guantity of heat caused by
the reaction.

The pressure detecting means may be one of various
known pressure sensors as long as it can detect changes in
pressure.

According to the present invention described above,
the reagent may be injected by penetrating the injector
‘needle for injecting the reagent through the air-tight
sealing means, so that the air-tight state within the
closedlcontainer is maintained and no change occurs in the
measuring conditions regardless of the injecting operation.
Accordingly, the neutralization reaction rate may be found
accurately.

In the invention described above, it is preferable to
adopt a pressure-proof container which can sustain a high
temperature and high pressure atmosphere as the closed
container. It is particularly ﬁreferable to adopt a
pressure-proof container which can sustain and can be used

under pressure of around 1 MPa.



I ncreased by using the agitator 250 and the heaters 240 and 23'lﬂﬁdﬁﬂﬁWﬁNEﬁ5HEfT
necessary to control the measuring conditions within the closed [Container

20 to the preset values while determ ning the tenperature by tbﬁ 06 DED w7
tenperature sensor 270 to which the oil tenperature controllinlg f oo
t her mocoupl e 260 is connected. Next, sulfuric acid which neutrbl+ze&«%he ---------- -
cylinder oil 50 is put into the injector—in advance and the injector needle
60 is inserted to the inside of the closed container 20 by penétrating B
t hrough the rubber plyg 310 froma hole 341 created through the fixed

menmber 340 whi cﬁ?@dﬁp&ges PRE2YEER] FRPectFRg %gantg‘%o RIEThrERrPgoot

pr edet er m ned anount of X .
contalner as the closed container allows the conditions

within the closed container to be set at the condition of
high temperature and high pressure atmosphere, it becomes
possible to measure cylinder oil by directly charging it
into the closed container and the neutralization reaction
rate can be found in the state close to the actual use
conditions.

Further, it is preferable to provide a heater on the
closed container to prevent it from dewing. That is, the
provision of the heater allows to prevent it from dewing,
which otherwise occurs on the inner surface of the closed
container above the liquid level of the liquid sample, thus
allowing the neutralization reaction rate to be found more
accurately. The heater may be suitably provided at the
position described latter in the description of the
embodiment.

Preferably, a temperature detecting region of
temperature control means is disposed at the position
contacting with the liquid sample together with the
temperature detecting region of temperature detecting
means. It is particularly preferable to dispose the
temperature detecting region of the temperature detecting
means at the position close to the liquid level of the

liquid sample. It is because the injection of the reagent



sul furic acid to the closed container 20. -18- Immedi ately ﬁ?bgéggggﬁr SHE

i njection,

the tenperature detector 270 to which the acid injection dete t n
t hernocouple 40 is connected to record the tinme when the change|
tenperature is determned as a starting gime of the acid neut a[|zat|on

reacti on.

a change in tenperature of the cylinder oil 50 is

Then, after determning the reaction starting tine,

byt
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which neutralizes the liquid sample is detected more
quickly by disposing the temperature detecting region of
the temperature detecting means at the position close to
the ligquid level of the liquid sample.

A neutralization testing method of the present
invention has a closed container into which a liquid
sample such as lubricant oil is charged; a reagent
injecting port which is created in communication with the
inside of the closed container for injecting a reagent
which neutralizes the ligquid sample by an injector, air-
tight means for closing the reagent injecting port and
keeping the inside of the closed container air-tight,
temperature detecting means, provided wiﬁhin the closed
container in contact with the 1liquid sample, for
determining an increase of temperature of the liquid sample
due to neutralization; and pressure detecting means,
provided within the closed container, for determining
changes in pressure within the closed container caused by
the neutralization; to find a neutralization rate of the
ligquid sample by measuring the changes in temperature of
the liquid sample and the changes in pressure within the
closed container along the elapse of time by these
detecting means. The neutralization testing method is
characterized in that the time when the change in

temperature of the liquid sample is determined by the
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the increase of pressure within the closed container 20 is neaéﬁﬁ&ﬂCﬁNﬁﬁﬂ"SHE

an el apse of tine by the aforenentioned pressure sensor nonitqgr ;and a poirnt
of time when the pressure within the closed container 20 becorneg Q?QShgetMQy
is recorded as a neutralization reaction ending time. It is ndted that th&>
pressure increases within the closed coryajner 20 due to carbgn
which is produced along the neutralization reaction between the cylinder
oil 50 which is the liquid sanple and the sulfuric acid which s tThe™

reagent . e, above; et aned enbodhent (bLings; about thie, follguing ef fectss.

2
i

set as a neutralization reaction starting time of the
ligquid sample.

The present invention described above allows the
change in temperature such as an increase of temperature
caused by neutralization heat of the reagent and the liquid
sample may be immediately determined by the temperature
detecting means, so that the neutralization reaction rate
of the liquid sample may be found accurately.

The inventive neutralization testing method may be
suitably adopted in a method using lubricant oil as the
liquid sample and sulfuric acid as the reagent. The
inventive neutralization testing method may be also
suitably carried out as a neutralization.testing method of
non-diluted lubricant o0il or non-diluted cylinder oil in
particular by adopting the pressure-proof container as the
closed container.

The specific nature of the invention, as well as other
objects, uses and advantages thereof, will clearly appear
from the following description and from the accompanying

drawings.

BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 is a section view showing an internal structure

of a neutralization testing apparatus according .to a
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Because the rubber plug 310 is used in the acid injecting meaRSPBACEMEET SHEET
"

hol e caused by the injector needle 60 is closed by the el ast
rubber plug 310 even when the injector needl e 60 penetrates |
rubber plug 310. Accordingly, the air-tight state within
container 20 may be nmmintained and the 19 = 19 - neutralizat

rate may be neasured accurately w thout —causing any error in
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t he measuri ng

condi ti ons due

preferred embodiment of the present invention;

FIG. 2 is a section view showing a structure of

reagent injecting means in the testing apparatus

above-mentioned embodiment;

of the

FIG. 3 is an exploded perspective view of the reagent

injecting means in the testing apparatus of the

mentioned embodiment; and

above-

FIG. 4 1is a section view showing reagent injecting

means which is a modification of the reagent injecting

means of the above-mentioned embodiment.

DESCRIPTION OF PREFERRED EMBODIMENT

A preferred embodiment of the present invention will

be explained below with reference to the drawings.

FIG. 1 shows an internal structure of a neutralization

testing apparatus according to the embodimenﬁ of the
present invention. The neutralization testing apparatus
(acid neutralization testing apparatus) 10 comprises a
closed container 20, acid injecting means 30 which is
reagent injecting means provided at the upper part of the
closed container 20 and an acid injection detecting
thermocouple 40 which is temperature detecting means
provided within the closed container 20. Cylinder oil 50
which is a liquid sample is charged into the closed
container 20.

The closed container 20 also comprises a main body 210



to | eakage of gas and the like. Further, because the rubber ﬁﬁ@;&ﬂi} ?
attached in the state conpressed by the guide nenber 330 and |t HE™TTXed
menber 340, the force of closing the hole caused by the injector @@e@@@ Qﬁy
by the elasticity of the rubber plug 310 is also |arge, so that thd © "
air-tight state may be nmintai ned even wyh the pressure wthirn the-closed.....
container 20 is high. Further, because the nmeasuring conditigns mﬁthin the
cl osed contai ner 20 may be set at hi gh tenperature and hi gh pressure- SR

condi ons el ace clase (o, those of HhegeLe. o013 aoLEloed, | 1der by

constructi R
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1id member 220 for closing the main body 210 to keep it
air-tight, and a frame member 230 provided so as to
surround the main body 210 and directly joined with the 1id
member 220.

Here, the l1id member 220 and the frame member 230 are
made of cast iron and the main body 210 is made of
monolithic pressure-proof glass. The closed container 20
is made to be a pressure-proof container which can sustain
up to 1 MPa by hermetically joining these members.

The main body 210 is approximately a cylindrical
member whose bottom is closed semi-spherically and in which
an opening face 211 is created at the upper part thereof.
A projection 212 which projects radially toward the outside
of the cylinder is formed at the outer periphery of the
opening face 211.

A heater 240 for controlling the temperature of the
liquid sample is provided at the outer peripheral surface
near the bottom of the main body 210.

The 1id member 220 is a disk-like member for covering
the opening face 211 of the main body 210. The 1lid member
220 is provided with an agitator 250 for agitating the
cylinder o0il 50 and an oil temperature controlling
thermocouple 260 for controlling the temperature of the

cylinder oil 50, beside the acid injecting means 30



20 so as to be able to sustain up to 1 MPa of internal pressur

neutralization reaction rate which is closer to the actual
found. Still nore, the neutralization reaction rate nay be

in which the cylinder oil 50 can be reacted (agitated) nore easil
reducing the viscosity of the cylinder gipl 50 by keeping the

cl osed container 20 at high tenperature. Accordingly,

neutralization reaction rate may be found accurately without dTTUTFﬁﬁWFﬁgwww"””
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thérmocouple 40.

The frame member 230 is approximately a cylindrical
member which covers the outer surface of the main body 210
and is opened at the top and bottom thereof. It is
attached to the main body 210 so as to be vertically
movable in FIG. 1.

The frame member 230 is also provided with an outward
projection 231 formed radially toward the outside of the
cylinder at the opening face at the upper side thereof and
an inward projection 232 which projects radially toward the
inside of the cylinder. A heater 233 for preventing dewing
is provided also at the cylindrical outer surface of the
frame member 230.

The main body 210 is joined with the 1lid member 220
through the intermediary of the frame member 230. The 1lid
member 220 is joined with the frame member 230 near the
outer peripheral edge thereof by bolts 234 and the frame
member 230 is abutted and joined with the main body 210
through the intermediary of‘a cushion 235 at the upper face
of the inward projection 232 and the lower face of the
projection 212 of the main body 210.

An O-ring 213 is also interposed between the opening
face 211 of the main body 210 and the lower face of the 1lid

member 220. When the bolts 234 are tightened, the cushion
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_ 20 - neutralization reaction starting time may be nostly el i|REHASGEUBAT SHEET
setting the tine when the tenperature as determ ned by the acidenjection i
detecting thernocoupl e 40 changes as the neutralization reactiion stgrt{Eagmey -
time. In Particular, the reaction with the sulfuric acid which ils injected .
fromthe upper part of the closed congaige[ 20 may be quickly déﬁecfedwbym~me
di sposing the edge of the acid injection detecting thernocouplie 40 near the

liquid |l evel of the cylinder oil 50, the neutralization reaction rafé

235 and the O-ring 213 are compressed and deformed, thus

maintaining the air-tightness of the closed container 20.

It is noted that although not shown in FIG. 1, a
pressure sensor for determining an increase of pressure
within the system is provided as pressure detecting means
within the closed container 20 and is connected to an
outside pressure sensor monitor in order to measure the
pressure within the closed container 20.

The acid injection detecting thermocouple 40 is
provided on the side of the lower face of the 1id member
220 in FIG. 1 and is extended downward together with the
agitator 250 and the o0il temperature controlling
thermocouple 260.

The acid injection detecting thermocouple 40 and the
oil temperature controlling thermocouple 260'are provided
such that the edge portions thereof which are temperature
detecting sections reach under the liguid level of the
cylinder o0il 50 and the cardinal ends thereof penetrate
through the 1lid member 220 and are connected to the outside
temperature detector 270. It 1s noted that the edge
portion of the acid injection detecting thermocouple 40 is
disposed at the region close to the ligquid level of the
cylinder oil 50 as compared to the edge portion of the oil
temperature controlling thermocouple 260.

The agitator 250 comprises a shaft 251 and a propeller



may be found accurately also fromthis point of view Next, resﬂEHgA@ﬁMENT SHEE'}'
experinents carried out to conpare the performance of the inveptj "
neutralization testing apparatus and the neutralization testing nEthOd—Mﬂth. f
that of the prior art acid neutralization testing apparatus anf fhé Bob 124/
neutralization testing nmethod will be_dggcri bed bel ow. The aboyetrentd.oned.....;
neutralization testing apparatus 10 was—used as the inventive
neutralization testing apparatus and t he above- nentioned pr ocetdur e—was=

2010 neut B FATANTS G G BRBR AFLLPSa ARhat Bt (et oA e G Gt o ner

as to be rotatable centering on the axis which extends

almost from the center of the circular 1lid member 220. The
cardinal end of the shaft 251 penetrates through the 1lid
member 220 and is connected with a motor (not shown in FIG.
1) provided at the outside. It is noted that although not
shown in FIG. 1, no gas leaks from the parts where they
penetrate through the 1lid membef 220 because air-tight seal
is applied and the air-tightness within the closed
container 20 is kept.

As shown in a section view in FIG. 2 and an exploded
perspective view in FIG. 3, the acid injecting means 30 is
provided on the above-mentioned 1id member 220.

The acid injecting means 30 has an acid injecting port
300 which penetrates through the 1id member 220 and a disk-
like rubber plug 310 which is an air-tight sealing member.
Beside them, it comprises a joint member 320 which is
jointed with the acid injecting port 300, a guide member
330 jointed with the joint member 320 for guiding an
injection needle 60 to the acid injecting port 300 and a
fixed_member 340 which is jointed with the guide member 330
for fixing the rubber plug 310 on the guide member 330.

The acid injecting port 300 is created on the 1lid
member 220 so as to penetrate through the closed container

20. In correspondence to the acid injecting port 300, a



equi pped with a pressure sensor, a thernoneter and an air- tigﬁEPM%EﬂWENT SHEP?;
(sulfuric acid injecting port) was used as a cl osed container;aﬁﬁ“ﬁ@%ﬂﬁr*wmmm§ :

whi ch can set the tenperature of cylinder oil charged into thjsj gnj%ﬁne%m. [
at a predetern ned -21- tenperature was adopted. The acid eLt?é1iiéIPﬁ% I
test was carried out as follows. That g, .the cylinder oil st-ehar-ged .| i

into the closed contai ner and was heat ed” When t he tenperatjure

female screw section 301 is formed at the upper face of the
1lid member 220 in FIG. 1 so as to joint with the joint
member 320.

The rubber plug 310 is nearly a disk-like member which
is made of silicon rubber having no gas permeability from
the surface to the back thereof. Even if a small hole
which penetrates from the surface to the back of the plug
is created, it is closed by the elasticity of the silicon
rubber and the air-tightness of the rubber plug 310 is
kept.

As it is apparent from FIGs. 2 and 3, the joint member
320 is a member having a shape in which cylinders having
different diameters at the top and bottom are jointed. It
has a male screw section 321 formed on the outer face of
the lower cylinder having a small diameter and a female
screw section 322 formed on the inner face of the upper
cylinder having a large diameter. A tapered convex portion
323 is provided at the bottom of the female screw section
322 along the direction in which the cylinder is extended.
Then, the joint member 320 is joined with the acid
injecting port 300 by screwing the male screw section 321
into the female screw section 301 of the acid injecting
port 300.

The guide member 330 is approximately a cylindrical

member whose both ends are opened and is provided with, as
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reached at a predeterm ned tenperature, the air-tight valve S H ggﬁ@%ﬂ;§ﬂEET
I nject the sulfuric acid by inserting an injector needle. Then, after "ﬁ |
closing the valve, a neutralization reaction rate was found|by reGoFding > f
changes in tenperature within the reaction system and changes|if_pressure fo
within the closed container along the-etgpse of time along the el apse™of~ "
time. The conposition of the |iquid sanpfe (cylinder oil) use the i
conpari son of the performance was as foll ows: base oil B
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middle section of the guide member 330 so as to project
radially toward the outside, a male screw section 332
formed at the lower part of the outer face of the cylinder
and a male screw section 333 formed at the upper part
théreof. Further, an inversely tapered concave section 334
is formed at the end face of the lower part of the guide
member 330 in FIG. 2 along the outer periphery of the
radial end face of the cylinder.

Then, the male screw section 332 of the guide member
330 is screwed into the female screw section 322 of the
joint member 320 to joint the guide member 330 with the
joint member 320 and to joint the convex portion 323 of the
joint member 320 hermetically with the concave portion 334
of the guide member 330 through an intermediary of a seal
tape (not shown in FIGs. 2 and 3).

The fixed member 340 is a cylindrical member whose
upper end is closed and whose lower end is opened as shown
in FIG. 2. An insertion hole 341 is created through the
upper end thereof to insert the injector needle 60 and a
female screw section 342 is formed on the inner face of the
cylinder.

Then, the rubber plug 310 is held within the cylinder

of the fixed member 340. When the female screw section 342

of the fixed member 340 is screwed with the male screw
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I ncrease of the pressure within the closed contai ner was det gctied after t
i

injecting the sulfuric acid and the pressure within the closgd [cangaifigr o

after 30 seconds fromthe injection of the sulfuric acid werg reasured as |
characteristic val ues. Tabl e 1 shows jife.neasuring conditigns:—Tabl-e--1--- -
-22- -
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section 333 at the upper part of the guide member 330, the
rubber plug 310 is compressed and fixed between the closed
end of the fixed member 340 and the upper face of the guide
member 330.

An acid neutralization reaction rate of the cylinder
0il 50 may be measured by the neutralization testing
apparatus 10 described above through the foLlowing
procedure.

At first, the cylinder oil 50 is charged into the main
body 210 and then the inside of the closed container 20 is
put into the air-tight state by the 1lid member 220.

Then, the temperature of the cylinder oil 50 is
increased by using the agitator 250 and the heaters 240 and
233 together as necessary to control the measuring
conditions within the closed container 20 to the preset
values while determining the temperature by the temperature
sensor 270 to which the o0il temperature controlling
thermocouple 260 is connected. |

Next, sulfuric acid which neutralizes the cylinder oil
50 is put into the injector in advance and the injector
needle 60 is inserted to the inside of the closed container
20 by penetrating through the rubber plug 310 from a hole
341 created through the fixed member 340 which composes the
acid injecting means 30 to inject a predetermined amount of

sulfuric acid to the closed container 20.
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160 Concentration of sulfuric acid (N) 35. 9 Anount ofis ariec—
1 added(m /liquid sanple 100g) Table 2 shows the measurenent le uht

2: Pressure increase Pressure within starting tine cl gs d con
after 30 seconds Enbodi nent - Pgsecond 1.

Measuring Conditions G| Tenperature HE&LAI)@J!ENT SHH:*

:

Immediately after the injection, a change 1in
temperature of the cylinder oil 50 is determined by the
temperature detector 270 to which the acid injection
detecting thermocouple 40 is connected to record the time
when the change in temperature is determined as a starting
time of the acid neutralization reaction.

Then, after determining the reaction starting time,
the increase of pressure within the closed container 20 is
measured along an elapse of time by the aforementioned
pressure sensor monitor and a point of time when the
pressure within the closed container 20 becomes constant is
recorded as a neutralization reaction ending time.

It is noted that the pressure increases within the
closed container 20 due to carbon dioxide gas which is
produced along the neutralization reaction between the
cylinder oil 50 which is the liquid sample and the sulfuric
acid which is the reagent.

The above-mentioned embodiment brings about the
following effects.

Because the rubber plug 310 is used in the acid
injecting means 30, the hole caused by the injector needle
60 is closed by the elasticity of the rubber plug 310 even
when the injector needle 60 penetrates through the rubber
plug 310. Accordingly, the air-tight state-within the

closed container 20 may be maintained and the
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Conpar ati ve Case 43 seconds 0 kg/cnferr] Thus, tﬁfg"?{ﬁ@g%ml SHEET-:

neutralization testing apparatus 10 of the present enbodi nent alfows—+Re—~-. -
starting time of the acid neutralization reaction to be accurat Iy?gr@%p,eq\m ]
as the pressure increase starting tine and the neutralizationr _ac& okt “eat?s? !
of the cylinder oil to be accurately foygd.. Further, because the.»__»-“_w__*.,_v__m___wg
air-tightness of the closed container 20— s kept even during tthe

measurenent, the measuring conditions within the cl osed contaimer—20-do-not.-. .
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confi ned

without causing any error in the measuring conditions due
to leakage of gas and the like.

Further, because the rubber plug 310 is attached in
the state compressed by the guide member 330 and the fixed
member 340, the force of closing the hole caused by the
injector needle 60 by the elasticity of the rubber plug 310
is also large, so that the air-tight state may be
maintained even if the pressure within the closed container
20 is high.

Further, because the measuring conditions within the
closed container 20 may be set at high temperature and high
pressure conditions which are close to those of the inside
of an actual cylinder by constructing the closed container
20 so as to be able to sustain up to 1 MPa of internal
pressure, the acid neutralization ;eaction rate which is
closer to the actual condition may be found.

Still more, the neutralization reaction rate may be
found in a state in which the cylinder oil 50 can be
reacted (agitated) more easily by reducing the viscosity of
the cylinder oil 50 by keeping the inside of the closed
container 20 at high temperature. Accordingly, the
neutralization reaction rate may be found accurately
without diluting the cylinder oil 50 with base oil.

Further, because a time lag with the actual
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i njecting port) 300, the rubber plug 310, the joint menber 32 it

i njecting nmeans) 30 has been conposed of the reagent injectin éoHis(ﬁgéqgﬁ
e g i" e--\Ju:'
menber 330 and the fixed nenber 340 in
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e_enbodi nent describg¢dtabove, ...
I njecting nmeans 90 as shown in G 4 may be al so adopt ed.
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neutralization reaction starting time may be mostly
eliminated by setting the time when the temperature as
determined by the acid injection detecting thermocouple 40
changes as the neutralization reaction starting time. In
Particular, the reaction with the sulfuric acid which is
injected from the upper part of the closed container 20 may
be quickly detected by disposing the edge of the acid
injection detecting thermocouple 40 near the liquid level
of the cylinder oil 50, the neutralization reaction rate
may be found accurately also from this point of view.

Next, results on experiments carried out to compare
the performance of the inventive neutralization testing
apparatus and the neutralization testing method with that
of the prior art acid neutralization testing apparatus and
the neutralization testing method will be described below.

The above-mentioned neutralization testing apparatus
10 was used as the inventive neutralization testing
apparatus and the above-mentioned procedure was adopted as
the neutralization testing method.

Meanwhile, as the prior art acid ﬁeutralization
testing apparatus, an apparatus comprising a container
equipped with a pressure sensor, a thermometer and an air-
tight valve (sulfuric acid injecting port) was used as a
closed container and means which can set the temperature of

cylinder oil charged into this container at a predetermined



The reagent injecting neans 90 shown in FIG 4 has an acid 'SiﬁﬁiéﬁgyﬁﬁQLSHEETf

900 and the rubber plug 310. A nale screw section 910 is for

protrude outside at the reagent injecting port 900 and a fi xi;ng

is screwed with the male screw section 910 so as to pinch and fli X} §hBEC 1897 | |

rubber plug 310. In short, any structurgénay be adopted so IdnS
all ows the rubber plug to be fixed at t reagent injecting po
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| eakage even when the pressure within the closed container increases.

Further, atTTRUTH i @deBGERal i zati on test has

The acid neutralization test was carried out as

follows. That.is, the cylinder oil was charged into the

closed container and was heated. When the temperature

reached at a predetermined temperature, the air-tight valve

was opened to inject the sulfuric acid by inserting an

injector needle. Then, after closing the valve, a

neutralization reaction rate was found by recording changes

in temperature within the reaction system and changes in

pressure within the closed container along the elapse of

time along the elapse of time.
The composition of the liquid sample (cylinder
used for the comparison of the performance was as follo
base oil 75.5 wt%
alkenil succinic acid imide 0.5 wt%
TBN 280 sulfonate 24.0 wt%

Further, in the comparison of the performance,
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the

time up to when the increase of the pressure within the

closed container was detected after injecting the sulfuric

acid and the pressure within the closed container after 30

seconds from the injection of the sulfuric acid
measured as characteristic wvalues. Table 1 shows
measuring conditions.

Table 1:

were

the
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been carried out by using the cylinder oil 50 for ship engine a<ﬂfﬁéﬂLﬂﬁBNa SH??

sanple in the enbodi nent descri bed above, engine oil for autonobi
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be also carried out by nelting a sem -solid substance such as grepse as
liquid sanple. Still nore, although thgégfq;ralization reactionjt +n»-w»1.”-,i
24 - has been carried out by using the furic acid as the
Items Measuring
Conditions
0il Temperature (°C) 160
Concentration of sulfuric acid (N) 35.9
Amount of sulfuric acid 1
added(ml/liquid sample 100g)
Table 2 shows the measurement results.
Table 2:
Pressure increase Pressure within
starting time closed containex
after 30 seconds
Embodiment 0 second 1.4 kg/cm2
Comparative Case 43 seconds 0 kgjcm2

Thus, the neutralization testing apparatus 10 of the
present embodiment allows the starting time of the acid
neutralization reaction to be accurateiy_grasped as the
pressure increase starting time and the neutralization
reaction rate of the cylinder oil to be accurately found.
Further, because the air-tightness of the closed container
20 is kept even during the measurement, the measuring
conditions within the closed container 20 do not change due
to leakage of gas and the like and the neutralization
reaction rate may be found accurately.

It is noted that the present invention is not confined
only to the above-mentioned embodiment but contains also

the following variations.
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reagent in the enbodi nent described above, the inventive neutr igﬁ%ﬂﬂﬁﬁﬁwf SHEET
testing apparatus and neutralization testing nethod nay be usedl Al so in“ﬁ”"*”j'
neutralization reaction test using a basic reagent such as SOdeEIQS JED fouy
hydr oxi de. Beside those described above, the concrete structurle,] shape and™
others of the present invention in inplggenting it may be nDduLiéﬁ“mrthFﬂumm@g
the scope of achieving the object of thé present invention. Thus, the

i nventive neutralization testing apparatus and neutralization testing — ==
met hod describ baye I e trali i g ' ting.tinme to
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be accurately detected w causing arfy chan | neasu
injecting means) 30 has been composed of the reagent

!
|

injecting port (acid injecting port) 300, the rubber plug
310, the joint member 320, the guide member 330 and the
fixed member 340 in the embodiment described above, reagent
injecting means 90 as shown in FIG. 4 may be also adopted.

The reagent injecting means 90 shown in FIG. 4 has an
acid injecting port 900 and the rubber plug 310. 2 male
screw section 910 is formed so as to protrude outside at
the reagent injecting port 900 and a fixing member 920 is
screwed with the male screw section 910 so as to pinch and
fix the rubber plug 310.

In short, any structure may be adopted so long as it
allows the rubber plug to be fixed at the reagent injecting
port and the injector needle to be penetrated therethrough
without causing any gas leakage even when the pressure
within the closed container increases.

Further, although the acid neutralization test has
been carried out by using the cylinder oil 50 for ship
engine as the liquid sample in the embodiment described
above, engine oil for automobiles and other lubricant oils
may be measured by the same method. The same test may be
also carried out by melting a semi-solid substance such as
grease as a liquid sample.

Still more, although the neutralization reaction test



condi tions due to gas | eakage or the like, so that the neutralization
reaction of the liquid sanple nay be neasured accurately.
claimed is: 1. A neutralization testing apparatus, conprising: a closed

cont ai ner

-25- \Wat

S

into which a liquid sanple is charged; reagent injecting neans
for injecting a reagent which - 24 -

has been carried out by using the sulfuric acid as the
reagent in the embodiment described above, the inventive
neutralization testing apparatus and neutralization testing
method may be used also in a neutralization reaction test
using a basic reagent such as sodium hydroxide.

Beside those described above, the concrete structure,
shape and others of the present invention in implementing
it may be modified within the scope of achieving the object
of the present invention.

Thus, the inventive neutralization testing apparatus
and neutralization testing method described above allow the
neutralization reaction starting time to be accurately
detected without causing any change in the measuring
conditions due to gas leakage or the like, so that the
neutralization reaction of the liquid sample may be

measured accurately.
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neutralizes said |iquid sanple into said closed container; tempe

detecting neans, provided within said closed container to con
liquid sanple, for determining an increase of tenperature of *rq e,
sanpl e due to neutralization; and pressure detecting neans, p ONId ﬂpﬁlﬁé}
said cl osed container, for detern1n|ng_qnanges In pressure w W|n aitt v
cl osed contai ner caused by the neutralization; a neutralizatijon—rate.of. |

sai d |IQUI@§§@N§% fgg%ééﬂggqhanges in pressure within said cl

al ong the apse o time by these
1. A neutralization testing apparatus, comprising:

a closed container into which a liquid sample is
charged;

reagent injecting means for injecting a reagent which
neutralizes said liquid sample into said closed container;

temperature detecting means, provided within said
closed container to contact with said liquid sample, for
determining an increase of temperature of said ligquid
sample due to neutralization; and

pressure detecting means, provided within said closed
container, for determining changes in pressure within said
closed container caused by the neutralization;

a neutralization rate of said liquid sample being
found by measuring the changes in temperature of said
liquid sample and the changes in pressure within said
closed container along the elapse of time by these
detecting means;

said neutralization testing apparatus being
characterized in that:

said reagent injecting means comprises a reagent
injecting port created through said closed container so as
to penetrate therethrough and an air-tight sealing member
for closing said reagent injecting port and keeping the

inside of said closed container air-tight; and

P R
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detecting neans; said neutralization testing apparatus being ,LREPQ%@JIEME@HEW
in that: said reagent injecting means conprises a reagent injgecting port——— |
created through said closed container so as to penetrate therpthr@@g@vgn%g ig
an air-tight sealing menber for closing said reagent injecti r}g port arlf ‘\?J i
L

keeping the inside of said closed contaijqier_air-tight; and ~
<2 —
said air-tight sealing member permits an injector
needle for injecting said reagent to penetrate
therethrough.

2. The neutralization testing apparatus according to
Claim 1, wherein said closed container is a pressure-proof
container.

3. The neutralization testing apparatus according to
Claim 1 or 2, wherein a'heater for preventing dewing is
provided on said closed container.

4. The neutralization testing apparatus according to
Claim 1 or 2, further comprising temperature detecting
‘means which is provided within said closed container'to
contact with said liquid sample to control the temperature
of said liquid sample;

a temperature detecting region of said temperature
detecting means for determining the increase of temperature
due to the neutralization being located at the position
close to the liquid level of said liquid sample as compared
to a temperature detecting region of said temperature
detecting means for controlling the temperature.

5. A neutralization testing method, haviﬁg:

a closed container into which a liguid sample is
charged;

reagent injecting means for injecting a reagent which

neutralizes said liquid sample into said closed container;

O, O O
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said air-tight sealing nenber permts an injector needle foriﬁﬁi%%gﬁﬁbwgaﬁﬁﬁq
reagent to penetrate therethrough. 2. The neutralization tesfihg apparatus
according to Caim1, wherein said closed container is a pressur@-ritid 1oz
container. 3. The neutralization testing apparatus accordingjtp Claim1l or ;
2, wherein a heater for preventing dew ng is provided on said ctosed
container. 4. The neutralization testing apparatus accordingito Claim1l or
2, further conprising tenperature detecting nmeans which is provided wthin:
sai d cl osed contt:g\rin

1
|
|
|
|

Bg£aE8re detecting means, provided within said -
closed container to contact with said liquid sample, for
determining an increase of temperature of said liquid
sample due to neutralization; and

pressure detecting means, provided within said closed
container, for determining changes in pressure within said
closed container caused by the neutralization;

a neutralization rate of said liquid sample being
found by measuring the changes in temperature of said
ligquid sample and the changes in pressure within said
closed container along the elapse of time by these
detecting means;

said neutralization testing method being characterized
in that the time when the change in temperature of said
liquid sample is determined by said temperature detecting
means is set as a neutralization reaction starting time of
said liquid sample.

6. The neutralization testing method according to
Claim 5, wherein lubricant oil is used as the ligquid sample
and sulfuric acid is used as the neutralization reagent.

7. The neutralization testing method according to
Claim 6, wherein a pressure-proof container is used as the
closed container and non-diluted lubricant oil is used as
the liquid sample.

8. The neutralization testing method according to

R R 0



contact with said liquid sanple to control the tenperature of said |iquid
sanple; a tenperature detecting region of said tenperature detecting neans
for determning the increase of tenperature due to the neutralization being
| ocated at the position close to the liquid |evel of said liquid sanple as
conpared to a tenperature detecting regigg of said tenperature detecting
means for controlling the tenperature. 57A neutralization testing nethod,
having: a closed container into which a liquid sanple is charged; reagent

injecting pgang, -Or b el "doR-5824e0k %@hﬁ%der 0il is used as the

liquid sample.
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neutralizes said liquid sanple into said cl osed container; - 27 -
tenperature detecting nmeans, provided within said closed container to
contact with said liquid sanple, for determ ning an increase of tenperature
of said liquid sanple due to neutrallzailpm,_and pressure detecting means,

provi ded within said cl osergre AR O riiet QLR Bk g cgﬁﬂges I n pressure
wthin said cl osed contaln X T aY-YNR ST

ABSTRACT OF THE DISCLOSURE

A neutralization testing apparatus and a
neutralization testing method which allow a neutralization
reaction rate of a liquid sample such as lubricant oil to
be accurately measured are provided. Reagent injecting
means for injecting a reagent which neutralizes the liquid
sample is provided on a 1lid member which composes a closed
container into which the liquid*sample is charged. The
reagent injecting means comprisés an acid injecting port
which penetrates through the closed container and an air-
tight sealing member which closes the acid inﬁecting port
and which permits an injector needle for injecting the
reagent to penetrate therethrougﬁ. Because no gas leakage
occurs even when the injector needle is penetrated because
of the elasticity of the air-tight sealing member, the
measuring conditions within the closed container do nog
change and the neutralizatioﬁ reaction rate may be found

accurately.

Figure 2
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a neutralization rate of said Iiquid sanple being found by neasuring the
changes in tenperature of said |iquid sanple and the changes in pressure
wi thin said closed container along the el apse of tinme by these detecting
means; said neutralization testing nethod being characterized in that the
time when the change in tenperature of sgid |iquid sanple is determ ned by
said tenperature detecting neans is set &s a neutralization reaction
starting time of said liquid sanple. 6. The neutralization testing nethod
according to Caim5, wherein lubricant oil is used as the liquid sanple

Fig. 1
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and sulfuric acid is used as the neutralization reagent. 7. The
neutralization testing nethod according to Caim&6, wherein a
pressure-proof container is used as the closed container and non-dil uted

| ubricant oil is used as the liquid sanple. 8. The neutralization testing
met hod according to - 28 - Caim?7, whgerein non-diluted cylinder oil is
used as the liquid sanple. -

Fig. 2
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