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ABSTRACT

The object of this research was to determine the
changes that occur in the chlorides content of carbonate

(limestone) rocks after being exposed to hydrochlbric acid.

Five rock samples were used. Out of the five, twelve
core plugs were analyzed. Five were unaltered samples, five
acidized and backflowed with kerosene, and two acidized and
backflowed with distilled water. A laboratory apparatus was
designed and built for the acidizing and backflowing opera-
tions.

The twelve core blugs were individually dissolved in
nitric acid and their content of chlorides determined using
Mohr titration. The results of this research show that
limestone samples after being acidized and backflowed with
kerosene have their chloride content increased as compared
with the unaltered samples. If the samples are acidized and
backflowed with distilled water, their content of chlorides

decrease in relation to the unaltered samples.
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INTRODUCTION

The purpose of this investigation is to determine the
changes that occur in the chloride content of carbonate
rocks after being exposed to hydrochloric acid. An experi-

mental procedure is explained in detail.

The inspiration to pursue this subject came from a
work published by Al-Saif et al (1975) in which they
reported the abnormal behavior of pulsed neutron capture
logs (TDT or Neutron Lifetime) run in acidized carbonate
formations. The behavior that later was characterized as an
"acid effect'" on the log, caused great concern as pulsed
neutron logs were an important reservoir monitoring
technique. Although Al-Saif et al devised means to
analytically '"hide'" the effect, making the interpretation
of the logs with the acid effect possible, little or no

attention was given to the actual cause.

The '"acid effect' was thought to be caused by chlorine
increase in the formation due to the fact that chlorine has

a strong influence on pulsed neutron logs.
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LITERATURE SURVEY

Matrix Acidizing in Carbonates

Using acid to stimulate wells is quite an old
technique. There are records that indicate the first acid
treatment occurred at the end of the last centdry° What is
called the '"Modern Era of Acidizing', began in 1932 in dis-
cussions between an oil company and Dow Chemical Company as
stated by Gidley and Shecter (1979). With the increasing
need for oil through the years, the method has been used
more and more and is now a standard technique in the oil

production industry.

Matrix acidizing is defined as the injection of acid
into the formation porosity (intergranular, vugular or
fracture) at a pressure below the pressure at which a
fracture can be created. The operation is successful if the
permeability around the borehole is increased due to
enlarging of pore spaces and dissolving particles plugging

these spaces - consequently increasing oil production.

When acid is injected into a formation, it reacts with
the walls of the pore through which it passes, dissolving
the rock and enlarging the pore. This reaction slows down

as the acid spends and moves further from the wellbore.
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When the acid spends completely, additional radial pene-
tration of the formation produces no additional benefit

‘because no further pore enlargement takes place.

Hendrickson (1960) stated that the velocity of the
acid in the pore and its spending time (usually less than
15 seconds in matrix acidizing) determine the maximum
radial penetration of unspent acid. Assuming a constant
injection rate (which will produce uniform velocity of acid
through the pore) and that the spending time remains
essentially constant from one increment of acid to the next,
later increments of acid entering the pore should penetrate
no deeper before spending than did the first droplet of
acid entering the pore. As a result, instead of lengthening
the treated flow channel, additional acid will only enlarge
the cross sectional diameter of the pore. Thus, the treated
area (that portion of formation in contact with unspent
acid) remains constant and the injection of additional acid

will not appreciably extend it.

The chemical reactions that take place when a carbon-
ate formation (basically CaCO4 and CaMg(COB)Z, respectively
for limestone and dolomite) is acidized, using hydrochloric

acid are:
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-
2HC1 + CaCO3 — CaCl2 + 002 + HZO (1)

4HCL + CaMg(CO3)2< : CaCl, + MgCl, + 2CO2 + 2H,0

(2)

This reaction is reversible. However, if the carbon
dioxide can escape, the reaction is strongly shifted to the

right and the rock dissolves faster.

The acid dissolving power can be calculated based on
the stoichiometric coefficients of the reaction. Equation
(1) indicates that 2 moles of hydrochloric acid reacts with
1 mole of limestone to create 1 mole of calcium chloride, 1

mole of carbon dioxide and 1 mole of water.

Combining Equation (1) with molecular weight data for
each component (given in Table 1) allows calculation of the
amount of acid required to dissolve a given quantity of a
carbonate and the quantity of reaction products produced by

the reaction.

Defining 8 as the mass of rock dissolved per unit mass

of acid reacted. Therefore,

molecular weight of mineral (rock) x its stoichiometric

B = molecular weight of acid x its stoichiometric

coefficient
coefficient (3)
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TABLE 1

MOLECULAR WEIGHT OF COMPONENTS IN

HC1 REACTIONS WITH CARBONATES

Chemical Molecular
Compound Formula Weight
Hydrochloric acid ' HC1 36.47
Calcium carbonate CaCoj3 100.09
(limestone)
Calcium chloride CaCl, 110.99
Carbon dioxide CO2 44.01
Water H20 18.02
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For the reaction of 100% hydrochloric acid with pure

limestone, defined by Equation (1), B is

8 _100.09 x 1 _ 1.372 8m limestone dissolved
100 ~ "36.47 x 2~ gm 1007 HCI reacted (4)

If the acid concentration is 15% by weight rather than

100%, then,

_ _ gm limestone dissolved
B1s = P1oo * 0-15 = 0.206 E—r——o—prr—cacted — (5)

Defining X as the dissolving power, the volume of rock
dissolved per volume of acid reacted can be obtained from
Equation (5) by multiplying the mass ratio by the appropri-
ate density ratio. For 15% weight HCl, this calculation

gives,

_ P B
X;5 = “HCL x "15
Pcaco, (6)

where:

pycy = demsity of 15% HCL (1.07 gm/cc)
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B

15 given by Equation (5)

density of calcium carbonate (2.71 gm/cc)

p
CaCO3

Substituting in Equation (6) gives

X _1.07-%x-0.206 _ 0.082 ce-limestone dissolved
15 ~ 2.71 - cc 15% HCI reacted (7)

The extent acid penetrates the matrix is basically
controlled by the matrix properties and local reaction
rate. Considering the matrix properties, pore structure,
among others, is a strong factor. The difficulties
encountered in creating a reliablé model to describe lime-
stone matrix acidization reside mostly in the complex
geometry of the rock pore structure and the change of this

structure as reaction proceeds.

Pulsed Neutron Capture Logs

In 1941 the first commercial nuclear log was intro-
duced. Pulsed neutron logs, however, were commercially
available from 1963 on, with the trademarks NLL (Neutron
Lifetime Log) and TDT (Thermal Decay Time Log) respectively

for Dresser-Atlas and Schlumberger.

The pulsed neutron log records versus depth, a value

indicating the rate of decay of thermal neutrons in the
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formation. Chlorine is the strongest neutron absorber of
the commonly occurring elements in sedimentary rocks. The
log fundamentally measures the amount of chlorine in the
formation water. This chlorine is normally encountered in
the form of sodium chloride. The neutron generator is a
classical linear accelerator which bombards a tritium
target with deuterium atoms to create the neutrons. Fast
neutrons with high energy (14 mev) are produced. The
neutron source is turned on for about 20-30 microseconds.
After the creation of a neutron population there is quiet
time (typically 1000 microseconds), during which the
neutrons die away. The rate of neutron decay - the time
required for the thermal neutron population to decrease to
one half (half lifetime) - after each source burst is con-
trolled by the capture cross section of the formation.
Following each burst, the neutrons are rapidly slowed down
to thermal velocities and are captured by nuclei with
corresponding emission of gamma rays. A gamma ray detector
is placed closeAto the source and samples the relative
changes in the thermal neutron population. Capture cross
section (X ) is a measure of the rate at which thermal
neutrons are captured in the formation and is inversely
related to neutron half lifetime. Initially the rate of

neutron decay is rather complex because it is primarily
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controlled by the borehole environment. After approximately
300 microseconds these disturbing influences are generally
gone, and the neutron decay becomes exponenti;l as it is
controlled by the formation capture cross section. Since
the neutron die-away is exponential, this decay is a
straight line on semi-logarithmic scale. Only two time
referenced measurements are necessary to determine the
capture cross section or slope of this decay curve.
Chlorine, for example, has a high capture cross section so
the probability of a neutron being captured by chlorine is
higher than other common formation elements. Hence the rate
of capture is controlled by the amount of different

elements in the formation.

Mathematically the decay of thermal neutron population

is expressed by:

~ IVTY

Ny = Nye ; (8)
where:
N1 = number of thermal neutrons at any given time
N2 = number of thermal neutrons at a later time

T = time between the two measurements, sec
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velocity of thermal neutrons (2.2 X lO5 cm/sec)

<
I

thermal neutron capture cross section of the

. -1
medium, cm .

™~
I

The equation can be rewritten as:

(9)

where the separation between the two measurements is 300

microseconds.

Theoretical values of capture cross section can be
calculated once the chemical composition of the material is
known. The calculation is based on the microscopic capture
cross section (o ) on a per atom basis. Values of ¢ can be
found in most physics handbooks. The theoretical values can

be calculated as follows:

+ CZQZ + vve. + CO )

602 (C
MW n n

T o= p 292 1694
(10)

where:

¥

p = density of the compound in gm/cc
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MW

molecular weight of the compound

(@]
I

number of atoms per molecule

microscopic capture cross section in barns

Q
i

The basic materials influencing the capture cross
section of a reservoir rock are the solid rock itself, and
the porous or nonsolid part which is filled with hydro-
carbons and/or water. Porosity and saturation define the
relative amount of fluids present. A general equation

relating these reservoir rock parameters is:

T=V,Z, + VI, + .vee + VI
A" A B'B k k (11)
where:
V = relative volume for component A, B .... k.

¢ = correspondent capture cross section

For a clean porous formation containing water and

hydrocarbons, equation (11) becomes:

3

T, = (1-¢)2 + ¢S T 4+ ¢ (1-8 )Z
t ma wow w’' hec (12)
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where:
Zt = formation capture cross section.
zma = matrix capture cross section.
Ew = formation water capture cross section.

th = hydrocarbon capture cross section.
¢ = porosity, fraction.

S, = volume fraction and porosity occupied by water,

fraction.

Utilization of pulsed neutron logs (specifically the
TDT) was a common practice in the carbonate formations of
the Ghawar field in Saudi Arabia. A strong acid effect was
recognized by Al-Saif et al (1975) after several logs were
run in some acidized wells of the same field. Results were
confusing at best until a base log recorded in a clean oil
producer definitely revealed the acid effect. By then no
correction techniques had been devised and the only
guideline given was not to take into consideration water

saturation calculations 'using TDT in acidized formations.

To justify such an abnormal behavior in the TDT logs,

a hypothesis was advanced explaining this phenomenon as the
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result that either, or both, the porosity increase created
by acidization and the retention of the chlorides from the
acid for the formation. To exemplify the effect, Figure 1
shows two TDT logs run before and after the formation was
stimulated. The acid job consisted of 2,000 gal of 15% HCl
injected at an average rate of 6 BPM. The second log was
run 50 days after the well was put back on production. The
increase in Io is evident. Log analysis calculations imply

the formation would be water bearing. The well though, pro-

duced water free.

It is interesting to note that the '"acid effect' does
not appear to diminish with time. Figure 2 shows a log
where three TDT were run with intervals of five months,
with the first one run five months after completion when
the well was acidized. No change in '"acid effect" is seen

even though eleven million barrels of oil were produced.
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PROCEDURE FOR INVESTIGATION

The experimental analysis for this research can be
separated in two different parts. In Part I, the core plugs
were acidized and afterwards backflowed with either kero-
sene or water. In Part II, a chemical quantitative analysis
was done. The core plugs were dissolved in nitric acid and

the content of chlorides was determined.

Formation Samples and Sample Preparation

Five samples were analyzed (in this work they are
numbered from 1 to 5). A description of the samples can be
found in Appendix A.

From samples 2, 3 and 5, two core plugs were
extracted. Three core plugs were extracted from samples 1
and 4. When two core plugs were extracted, one was used as
representative of the original rock and the other, after
acidizing, was backflowed with kerosene. In the samples
from which three plugs were obtained, the third core plug
was acidized and distilled water (instead of kerosene) was

backflowed after acidizing.

The porosity of each sample was determined by the

saturation method. The bulk volume was determined by



T-2441 16

mercury displacement using a Ruska mercury porosimeter. The
core plugs were dried, weighed, saturated under vacuum with
distilled water and weighed again. The pore volume was
given by the difference in the two weights. The ratio of
pore volume to bulk volume is the porosity. Table 2 gives

the values of porosity for the different samples.

Two sizes of core plugs were used in this research,
3/4 and 2 inches. Their length ranged from 1 to 2-1/2
inches. The 3/4-inch plugs were used to measure the
porosities, mostly because of the limitations of the avail-
able equipment. The 2 inch core plugs were the cnes

acidized.

Part I

AEEaratus

In this investigation a cell constructed of monel
(acid resistant nickel alloy), cylindrical in shape (6-5/8"
OD x 24") was used to retain the hydraulic oil which
exerted pressure on the elastic sleeve that together with
two endplates enclosed the core. With this, we had the core
system completely isolated from the cell system. Figufe 3

shows schematically the core and the cell system.
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FIGURE 3

Schematic .of the Cell and Core System
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Access to the cell was supplied by a removable top to
which the core éssembly was attached. Eight 5/8 inch bolts
and a rubber gasket were used to make the pressure seal.
All pressure fittings were l/4-inch Swagelok high pressure
fittings. The cell was pressure tested to 1500 psi. The

schematic of the pressure system is presented in Figure 4.

The system was built to have the internal (core) and
external (cell) pressure systems completely separated. The
external pressure system was used to apply pressure to the
elastic sleeve and thus to the core. The pressure was
generated with a Ruska pump and transmitted to the cell by
1/4-inch stainless steel tubing. A 3000 psi gauge was

placed in this line to monitor the cell's pressure.

The internal pressure system can use two fluids
independently. The driving energy is given by a pressurized
nitrogen bottle to which a pressure regulator is connected
allowing system input pressure from 200 to 2000 psi. The
core is connected to the internal pressure system through
fittings in the endplates which allow a fluid to circulate

through the core.

The valves and tubings used in the pressure equipment
are made of stainless steel since 15% hydrochloric acid was

used.
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Sleeve Assembly

A two inch.inside diameter Viton (fluorocarbon rubber)
tubing was used as a sleeve during the investigation. The
sleeve was used to assure that once the cell was pres-
surized, no fluid bypassed the core when the fluid was
forced through the core. The core plug was positioned in
the sleeve between two staimless steel endplates. The
assembly was completed using two clamps that were tightened

against the endplates holding the sleeve in place.

Experimental Procedure

After the core plug was mounted in the sleeve with the
endplétes and brackets it was connected to the tubing that
was already attached to the top of the cell. These tubings
were designed to fit cores of different lengths. The

assembly was then blaced into the cell and the top bolted.

The cell was pressurized and a complete check was made
for leakage in both the external (cell) and internal (core)
pressure systems. The external (cell) working pressure used
during the course of the investigation ranged from 500 to
800 psi, and the internal from 200 to 500 psi, depending
upon how tight the core was. The acid (15% hydrochloric)

and kerosene containers were then filled and pressurized.
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The core was first flushed with kerosene. A volume of acid
equal to 1.5 times the pore volume was then displaced and
‘flowea through the core. The rate the acid was flowed was
low enough to allow complete spending of the acid while
passing through the core (Table 3). Hendrickson et al
(1960) state that spending times of fifteen seconds or less

are to be expected in most carbonate matrix acidizationms.

When the first sign of hydrochloric acid appeared in
the direct circﬁlation outlet (see Figure 4) the flow was
stopped and kerosene was used to displace the acid by
flowing in the opposite direction. Kerosene was flowed and
the chloride content was monitored in the outlet using a l
M solution of silver nitrate in excess. Very small concen-
trations of chloride can be detected with 1 M silver
nitrate. Once no additional chloride could be detected
(usually after 3000 to 4000 ml of backflow), the cell was
depressurized, the core removed and rinsed superficially
with distilled water. This procedure was repeated for the
five samples.

The flowing time depended mostly on the permeability
of the core. Some cores took one or two days for the

complete procedure while others took as long as three weeks.
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With samples 1 and 4 two additional runs were per-
formed however. A new core plug was used and the whole
-procedure repeated using distilled water as the backflowing
fluid instead of kerosene. Here, small amounts of chloride
could be detected in the outlet even after backflowing
7000-8000 ml. The same criteria was used (1M AgNO4 ) to
determine the end of the backflowing period. Traces (2-5
ppm of chlorides), however, could still be detected when
the backflow was stopped. An explanation for this phenomena
is that when acidized, the samples had the chlorides con-
tent of their connate water increased. Flowing distilled
water, an exchange of chlorides (from the interstitial
water to the flowing water) was constantly taking place.
The exchanging process should have stopped when the chlor-
ides content of the connate water was low enough that no
exchange could occur. This process would slow down with the
decreasing chlorides content of the connate water but could

take months before an equilibrium were reached.

Part II

Chemical Quantitative Analysis

Out of the five rock samples there were twelve core

plugs to be analyzed. Five were unaltered samples, five
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acidized and backflowed with kerosene, and two acidized and

backflowed with distilled water.

The 2-inch core plugs were divided into two parts and
then one of these parts divided into four parts to fit the
Ruska mercury porosimeter. All twelve samples were
accurately weighed. The samples were then separately
dissolved using nitric acid. The solutions were filtrated
and calcium carbonate was added to raise the pH to the
level required by the titration method used (7-9). The
solution was filtrated again, and the volume made up to 500

ml in a volumetric flask.

The Mohr titration was used to determine the chloride
content. A discussion of the method is presented in
Appendix C. The content of chlorides was determined as

follows:

W=VxCx AW (C1)
(13)

where:

weight of chlorides in grams

=
[

V = volume of silver nitrate as measured from the

burette in liters
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AW

In

shown.

molarity of .the solution of AgNO3

= atomic weight of chlorine (35.5)

Appendix D, an example of this calculation is

26
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RESULTS

The results obtained in this research are in Tables 4

through 7.

Table 4 presents the chloride content in milligrams
per volume of rock (mg/cc) and milligrams per weight of
rock (mg/kg) of the five unaltered samples. The volume, the
weight and the total chloride content for each sample are

also presented.

Tables 5 and 6 present the chloride content in milli-
grams per volume of rock (mg/cc) and milligrams per weight
of rock (mg/kg) of the five rock samples after being
acidized. In Table 5, the samples were backflowed with
kerosene after acidizing and in Table 6 were backflowed

with distilled water.

In Table 7, the ratio of the chloride content before

and after acidization is shown for all the samples.

The chloride content substantially increased in the
samples that were acidized and backflowed with kerosene. In
the samples that were acidized and backflowed with
distilled water, the chloride content dropped to values

well below the value of the unaltered sample indicating
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that chlorides were removed by flowing distilled water.

The chloride content in the samples backflowed with
kerosene probably would not get any lower even if the back-
flowing time were considerably extended. Analysis of the
backflowing fluid did not indicate the presence of
chlorides. The same can not be said with respect to the
samples that were backflowed with distilled water. Even
after a long backflowing period (14,000 ml), traces of
chlorides still could be detected. Table 3 presents the
volumes of acid, backflowing kerosene and water used in

this investigation.

An idea to justify the increase of chloride content in
the acidized samples is that it was caused by the mixing of
reaction products with the original connate water. The
resulting mixture would be bound to the matrix by surface
tension, just as the connate water was, and therefore could
be expected to remain in place during oil production. This
was confirmed by the decrease in chloride content of the

rock sample if water was flowed through it.
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DISCUSSION OF THE RESULTS

In this research, no relationship was found to exist
between the increase in chloride content of the rock and
porosity. Plotting these two parameters, scattered points

resulted.

It is shown how the increased chloride concentration

affects the formation capture cross section (Z_). A sensi-

t
tivity analysis is performed on Equation (12) to quantify
the chloride increase in terms of capture units. This

equation is:

zt = (1-¢) zma + ¢Swzw + ¢(1-Sw) T

hec

An increase of the chloride content of the connate
water would influence the value of Zt by increasing the
term Ew. Initially it is supposed that the remaining terms
do not change before and after the acidization. Actually

only the porosity is expected to change and that is going

to be dealt with later.

The capture cross section of the connate water depends
on the chloride content of the water. Values of L for

different chloride concentrations can be calculated by
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means of Equation (10) in the text which is reproduced in

graph form in Figure 5.

The analysis is presented in Tables 8, 9, and 10
respectively, for porosities of 10, 20 and 30%. Four
initial concentrations (50,000, 80,000, 120,000 and 150,000

ppm) were considered and I_ values were calculated for omne,

t
two and three times the initial concentration. The wvalues
for Las Sw and 5o (respectlvely 9, 0.2 and 20) were

assumed constant.

It is shown that the "acid effect" (z,. increase)
increases with the value of matrix porosity. The initial
(original) water concentration is also an important factor.
The effect will be maximum for intermediate values of
salinity, decreasing if the water is slightly or strongly
saline. This is how the phenomena of increased chloride
concentration is analytically correlated to the increased

formation cross section.

' The increase in the chloride content of the rock is
only partially responsible for the acid effect. Always
associated with a carbonate matrix acidization is an
increase in porosity, modifying the capture cross section
as seen by the logging tool because of the change in the

relative amount of rock and fluid present.
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FIGURE 5 (Af.ter Dresser Atlas)
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To quantify how porosity influences the value ey @
sensitivity analysis was performed using Equation (12)

presented in Tables 11 through 13.

The formation capture cross section is calculated for
three original porosities (10, 20 and 30%) and for an
increase in the porosity of 1.25 times and 1.5 times after
acidization. The increase in Iy due to the increase in

porosity is presented. The analysis is made for connate

water salinities of 50,000, 80,000 and 150,000 ppm.

The Tables show that any increase in porosity due to
the acidization causes an increase in the I value. The
greater the original value of porosity the larger the
increase. On the other hand, augmenting the value of L, @

stronger effect will be felt in Iy

The acid effect as seen by Al-Saif et al (1975) is
possibly a combination of two factors, the increase of

chloride content and the increase in porosity.

As discussed before, the contribution of each factor
can vary depending on the set of initial and final condi-

tions taken.

]

Tables 14 through 17 present the values of r. and the

total increase of zt (related to the initial condition)
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when both, porosity increase and salinity increase, act at
the same time, what is expected to happen in an actual
treatment. It can be seen clearly that the initial and
final conditions are the main factors in determining how

strong the "acid effect" is.
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CONCLUSIONS

The following conclusions can be taken from the fore-

going results:

. Limestone reservoir cores after treatment with hydro-
chloric acid under controlled conditions, have their
chloride content increased in relation to before the

acid treatment.

. The same cores that were treated with acid, if back-
flowed with kerosene long enough to remove all
dispersed chloride, still have their content of
chloride increased in relation to before the acid
treatment. The increase is measureable and is
definitively significant in relation to the initial

quantity.

The same cores that were treated with acid, if back-
flowed with water, have their chloride content
reduced as a function of the backflowing time and
the chloride content of the water. Apparently, there
is an interaction between the chloride of the core

and the water flowed through it.
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"RECOMMENDATIONS

The following subjects are recommended for future

research:

. To investigate the increase in chloride content when
increasing amounts of acid is flowed through the
sample to determine a relationship between the

amount of acid and the chloride content.

. To investigate the increase in chloride associated
with the increase in porosity for a large number of

samples.

. To associate the increase in chlorides to the

effectiveness of the acidizing operation.

. Extend the validity of the results to all carbonate

rocks, running an experiment using dolomite rocks.
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APPENDIX A

SAMPLE DESCRIPTIONS
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Sample

53

Description

oolitic lime packstone
brownish gray
poorly developed vuggy porosity

well developed intergranular
porosity

lime boundstone
gray
well developed vuggy porosity

Pennsylvanian (west Texas)

styrolitic boundstone
gray
medium developed vuggy porosity

Pennsylvanian (west Texas)

oolitic lime wackstone

brown

medium developed vuggy porosity

lime boundstone
gray
medium developed vuggy porosity

Pennsylvanian (west Texas)
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Composition of the solutions used in this research.
Molarity (definition):

A solution is defined as being one molar (1'M) when it
contains one gram molecular weight of the solute in one

liter of solution.

A) 0.1M Silver nitrate - AgNO4
Ag: 1 x 107.868

N: 1 x 14.0067

0: 3 x 15.9994
MW = 169.87 gr
1M - 169.87 gr/l

0.1M - Y
Y = 16.987 gr/l

In 1 liter of a solution of silver nitrate with

molarity 0.1, there are 16.987 gr of AgNOB.

B) 3M -~ Nitric acid - HNO3

H: 1 x 1.0079

N: 1 x 14.0067
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C)

O0: 3 x 15.9994

MW = 63.012 gr
1M - 63.012 gr/1
3M - Y

Y = 189.04 gr/1

In 1 liter of a solution of nitric acid with

molarity 3, there are 189.04 gr of HNO

15% by weight HC1 from 37% HCL
100 gr solution - 37 gr HCL

37 gr HC1
Y gr solution

15%

37 x 100
Y = Zgr——— = 246.67 gr

To prepare 11 15% HCL (e = 1.072 gr/cc)
246.67 gr - 100 gr HCl 37%
1,072 gr HC1 15% - Y gr HCl 37%

100 x 1072
Y = VININY, = 434.59 gr

3

56

Dilute 434.59 gr of 37% HCl until the final volume

isl 1.
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The method, as presented by Vogel (1962) is reproduced

below.

Prepare the indicator solution by dissolving 4.2 gr of
A.R. potassium chromate and 0.7 gr of A.R. potassium
dichromate in 100 ml of water; use 1 ml of indicator solu-
tion for each 50 ml of the final volume of the test

solution.

Pipette 25 ml of standard 0.1M sodium chloride into a
250 ml conical flask resting upon a white tile and add the
indicator solution. Add the silver nitrate solution (0.1M)
slowly from a burette, swirling the liquid constantly until
the red color formed by the addition of each drop begins to
disappear more slowly indicating most of the chloride has
precipitated. Continue the addition dropwise until a faint,
but distinct, change in color occurs. This faint
reddish-brown color should persist after brisk shaking. If
the end point is overstepped (production of a deep
reddish-brown color), add more of the chloride solution and
titrate. Repeat the titration with two more 25 ml portions
of the sodium chloride solution. The various titrations

should agree within 0.1 ml.
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The theoretical titration error is 0.02 ml of 0.1M
AgNO3 and therefore is considered negligible. In actual
practice, another factor must be considered. The small
excess of silver nitrate solution should be added before
the eye can detect the color change in the solution; this
would be in the order of one drop of 0.05 ml of 0.1M silver

nitrate.

It must be mentiomnied that the titration should be
carried out in neutral solution or in very a faint alkaline
solution; i.e., within the pH range 6.5 - 9. In acid solu-

tion, the following reaction occurs:

0,

2Cr0;” + 2HY — 2HCr0,” — Cr + H,0

4 2 2

HCfOZ is a weak acid. Consequently, the chromate ion
concentration is reduced and the solubility product of
silver chromate may not be exceeded. In markedly alkaline
solutions, silver hydroxide might be precipitated. A simple
method of making an acid solution neutral is to add an

excess of pure calcium carbonate.
In normal conditioms the reaction that takes place is:

Ag® + C1” g::;Ag01+

24e¢¥ + Cr0, & AgCr0O, + colored
& 4 g-TYy,
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APPENDIX D

AN EXAMPLE OF CHLORIDE CONTENT DETERMINATION
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Sample 3 (unaltered rock)

Volume measured - 50 ml
Total volume - 500 ml
Volume of AgNO4 -  0.23 ml
Molarity of AgNO3 - 0.1 M
Weight of sample - 25.064 gr
Volume of sample - 9.125 cc

From Equation (13):

gr of chloride =

4

3 x 0.1 x 35.5 = 0.8 x 107% gr

0.23 x 10~
Content in the volume measured - 0.799 mg
Total content of chlorides - 7.99 mg

7.99
9.125

Content per volume = 0.8756 mg/cc

7.99
25.064

= 318.78 mg/kg

Content per weight



