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1. Introduction

The present paper is one of several
that have been published in recent years
by members of the Bureau staff dealing
with the measurment and calibration of
Lovibond glasses. It describes primarily
the method used in standardizing the
Lovibond red glasses belonging to the
National Bureau of Standards (those
having BS inventory number 9940).
Thousands of Lovibond red glasses are
in use in this country, over 2,300 of them
having been submitted to the Bureau since
1927 for calibration in terms of the Bu-
reau’s glasses.®

This standardization was carried out at
the insistence .of those who use such
glasses in the grading of vegetable oils.*
The nature of the standardization was
dictated by the following considerations:

(1) The glasses of set BS 9940 had
previously been accepted as “standard”
by the Interstate Cotton Seed Crushers’
Association, and by the Society of Cotton
Products Analysts (now American Oil
Chemists’ Society).*

(2) The set had to be standardized
within itself ; there was no other standard
set with which to compare it.

(3) The standardization must be based
upon fundamental absolute measurements ;
it must not be dependent upon the per-
manence of the glasses or of any other
material color “standards.”

1Credit for Sections II and III of this
paper is due in large part to the late Irwin
G, Priest, Chief of the Colorimetry Section
1913 to 1932, under whose direction the
Lovibond glass standardization program
has beenrperformed. The urgency of other
work prevented Mr. Priest from preparing
the material of these sections for publica-
tion, and in March 1931 he requested the
authors to prepare the present paper, but
without himself as author.

?K. S. Gibson, F. K. Harris. and I. G.
Priest, The Lovibond color system—A
spectrophotometric anulysis of the Lowi-
bond glasses, BS Sci. Pap. 22,1 (1927-
28) ; 8647. D, B. Judd and G. K. Walker,
A study of 129 Lovibond red glasses with
respect to the reliability of their nominal
grades, Oil and Fat Industries 5,16 (1928).
I. G. Priest, Tests of color sense of A. O.
C. 8. members and_data on sensibility to
change in Lovibond red, Oil and Fat In-
dustries 5,63 (1928). D. B. Judd, Effect
of temperature change on the color of red
and yellow Lovibond glasses, BS J. Re-
search 1.859 (1928); RP31. I. G. Priest,
D. B. Judd, K. S. Gibson, and G. K.
Walker, Calibration of sirty-five 85-yellow
Lovibond glasses, BS Research 2,793
(1929) ; RP58. G. K. Walker, Statistical
investigation of the uniformity of grades
of 1,000 Lovibond red glasses, BS J. Re-
search 12,269 (1934) ; RP653,

*Results obtained on the first 1.000
glasses have been published in BS Re-
search Pap. RP653.

S544§ee prefatory statement in BS Sci. Pap.

SProc. Fourth Annual Meeting, Soc. Cot-
ton Products Analysts, pp. 6 and 12, Chi-
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(4) The numbers assigned to the glasses

when standardized must he additive® with-
in prescribed tolerances.

(5) The glasses must be combined with

PREFATORY ABSTRACT

Inconsistencies in the grades of
Lovibond red glasses have long
been a source of annoyance and
dispute among oil chemists, who
use these glasses in the color grad-
ing of vegetable oils. Thousands of
such glasses are in use in this coun-
try, over 2,300 of them having now
been submitted to the Bureau for
renumbering, A statistical investi-
gation has been made of the uni-
formity of grades of the first 1,000
glasses and the results recently
published in B. S. Research Pap.
RP653.

The present paper describes the
fundamental standardization of the
Bureau’s Lovibond red glasses,
with which these 2,300 glasses have
been compared and in terms of
which they have been renumbered.
The purpose of the standardization
was to derive new numerals for
the Bureau glasses, approximately
equal in magnitude to the original
numerals but free from certain in-
consistencies occurring among them.
The standardization is based upon
spectrophotometric analyses of the
glasses- when in combination with
Lovibond 35 yellow. The new nu-
merals were derived from colori-
metric computations based on the
spectral transmission data, and they
are shown to be on a consistent ad-
ditive scale. This scale covers a
range from yellow to yellowish-
red. Tolerances of colorisietric
purity and light transmission are
considered.

cago, June 21, 1913. See also BS Sci. Pap.
8547, p. 6.

SThe additivity condition has béen ex-
pressed (J.O.S.A. & R.S.1., 16, 116; Feb-
Toary 1928) as

(2 N)s = (2 N):
where (S N); and (2 N): are the sums of
the scale numerals attached respectively
to two combinations of glasses such that:
(1) they contain equal numbers of glasses
(nonselective glass of nearly zero absorp-
tion being introduced if needed), and (2)
they evoke the same color undeér like con-
ditions, This is the most general case,
color being understood in its threefold
meaning of hue, saturation, and brilliance.

of the color of vegetable oils, the red’
some prescribed yellow glass. Because
glasses are always used in combination
with Lovibond yellow glasses’, and in
decisions of greatest importance in com-
bination with a 35-yellow glass.® The
standardization described in this paper
has been carried out, therefore, with the
respective red glasses combined with a
35-yellow glass. The values obtained are
doubtless valid for a considerable range
of yellow glasses on both sides of 35Y;
but the values do not necessarily hold for
the red glasses used alone or with a Lovi-
bond yellow glass of small numeral.

II. Derivation of the Priest-Gibson
(N”) Scale and Unit

1. Derivation and Test of the N’ Nu-
merals.

To comply with requirement 3 above,
the new numerals assigned the glasses
must necessarily be derived from their
spectral transmissions. The values of
spectral transmission for the glasses, N*
= 1.0, 2.0, 3.0 20.0, were used as
published in BS Sci. Pap. S547, p. 25,
Table 1. To comply with requirement 5
of the previous section, the various spec-
tral transmissions were multiplied wave
length by wave length by the spectral
transmission of a 35-yellow glass. The
particular glass used for this purpose was
one submitted under test number 41,960 ;

Standardization of the desired type and
precision cannot be obtained, however, un-
less the brilliance of the color is elimi-
nated from consideration. This has ac-
cordingly been done (1) in the standardi-
zation of the Bureau's glasses (set BS
9940), by giving no weight to the luminous
transmission of the glasses in the assign-
ment of the new (N”) numerals, as is
explained later, and (2) in the grading
of glasses submitted for calibration, by
use of the Martens photometer for com-
paring the test glass with the standards,
the criterion for equality being a chroma-
ticity match (hue and saturation only)
and the brightnesses of the 2 parts of
the photometric field being independently
equated by the observer (see BS Research
Pap. RP653). In such direct comparisons
of glasses, also, the maximum - number
allowed in either beam is 3. Throughout
the present paper the term additivity is to
be understood as referring to chromaticity
rather than color.

The “red” Lovibond glasses are of non-
spectral hue, having spectral transmissions
of the ‘‘gold-ruby” type, in which the prin-
cipal absorption occurs in the green. (See
BS Sci. Pap. 8547, fig. 1.)

3See. for example. the “Report of Color
Committee of the American Oifl Chemists
Society, Year 1932-1933,” Oil and Soap,
10,114 (June 1933).

Rules governing transactions between
members of the National Cottonseed Prod-
ucts Association, Inc. (See article 4, rules
60-65.)

BThroughout the rest of the paper the
symbol N refers to the numerals engraved
on the glasses as received from the Lovi-
bond establishment.
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its spectral transmission has been pub-
lished.™ .

The combination, 35 yellow with vari-
able red, gives a scale varying from yel-
low to red. This change of hue may be
represented by several parameters, the
most suitable of which for standardization
purposes, has proven to be the ratio of
the red to the green trilinear coordi-
nates,"” r/g.

The trilinear coordinates, r, g, b, were
computed for each of the 20 glasses (N
= 1.0, 20 ...... 20.0) of BS 9940 in
combination with 35Y of BS test 41,960.
Plotting values of r/g against values of
N gave the results shown in Fig. 1. A
study of these data indicated that, on the
average, they could be represented by a
quadratic equation with suitably chosen
constants. The equation

r/g = a 4+ bN 4 cN?
was, therefore, assumed, in which a has
the value of r/g for the 35Y glass alone
(N = 0). Values of the constants b
and ¢ were obtained from a least-squares
adjustment of the data. The 3 values are

as follows:
a = 1.0958
b = 0.066865
c = 0.00031897

A new series of values for these glasses
was obtained by inserting values of r/g
in the equation and computing new values
for N, which were designated N’. Graph-
icdlly, N is, of course, the value read
from the curve of Fig. 1 corresponding
to a given value of r/g.

The irregular variations of the N scale
for the red glasses of BS 9940 with 35Y,
shown by the deviations of the plotted
points from the curve in Fig. 1, have
been in the more extreme cases well
known for many years, being thoroughly
established by various preliminary cali-
brations of one sort or another.®

The N’ scale, derived by the least-
squares adjustment just described, repre-
sents the average Lovibond red scale
(when in combination with 35Y) as es-
tablished from the numerals engraved on
the . glasses by the Tintometer, Ltd., in
so far as the 20 red glasses of BS 9940
used in its derivation represent the aver-
age of all Lovibond red glasses of like
denomination in existence. The degree
to which these 20 glasses represent the
average of all the Lovibond red glasses
so far examined is discussed in Sec-
tion VI,

. To_comply with requirement 4, of Sec-

tion I, it was necessary to test the N’
numerals with respect to their additivity.
For any scale to be additive, it is neces-
sary and sufficient that the unit be con-
stant throughout the scale, so that any
given glass should give a constant addi-
tional numerical value when combined
with any of the various glasses compris-
ing the scale. Such a test of the N’
scale was carried out by computation as
shown in Table 1,

Values of N'x (column 2) are those
obtained from the least-squares solution
of the (r/g,N) curve noted above. The
r/g values for the respective glasses are

“BS Sci. Pap. $547, Table 6, p. 30.
Figure_Q.of that paper gives spectral
transmission curves of the red glasses of
- BS 9940. N = 1.0 to 20.0, In combination
with a 35-yellow glass.

*The -constants used in computing the
trilinear coordinates of the Lovibond
glasses are as given in Table 1, p. 526 of
BS Research Pap. RP163. (Deane B.
Judd, Reduction of data on mixture of
color stimuli, BS J. Research (April 1930).)
The values of p1, 41, and B: there given

- represent the distributions of the “O.S.A.
excitations” (extrapolated) throughout the
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20 F—

Equation of curve: —]
79*1.0958+0.066865N + 0.00031897N?

Igl;l 1 1 I | 1 L

100 15.0 20.0

N Red g5 9940 With 35 Yellow g5 rest 41960

Fig. 1—Relation between r/g and N for Lovibond red glasses (with 35 Yellow). r/g

is the ratio of red to green trilinear coordinates, N the Lovibond numeral. Deviations

of the circles from the curve illustrate the erratic variations in the scale as found
for the Bureou glasses, BS 9940.

tabulated in column 5, labeled (r/g)x.
Columns 7 and 3 were derived as fol-
lows: The spectral transmissions of the
respective glasses from 1 to 20, in com-
bination with the 35Y glass, were each
in turn multiplied by the spectral
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spectrum of Abbot-Priest sunlight. If T
represent the spectral transmission of a
glass or combination of glasses, r, g, and
b are defined and computed as:

2’71T

r= ,
2P1T+E‘YIT + zﬂxT
ZaT

g = ,
EpT + 3T + AT
, 28T

T SpT + ZyT + 6T
the summatjons being taken at every 10
my from 380 to 720 mu.

transmission of the nominal unit glass
(N = 10) and the r, g, and b values
for the respective combinations computed
in the same manner as for the individual
glasses. That is, the values of column 7
were derived from the respective spectral-
transmission products, 35Y X IR X 1R,
35Y X 2R X 1R, 35Y X 3R X 1R, etc.,
just as the values of column .5 had been
derived from the similar products 35Y X
1R, 35Y X 2R, 35Y X 3R, etc. The
N’ values of column 3 designated as
N’n&, were derived from the r/g values
of column 7 by reading from the least-
squares curve illustrated in Fig. 1.

The variable nature of the N’ scale is
shown by the values of AN'n&: of col-
umn 4. It is seen that the nominal unit
glass (N = 1.0), when combined with
the other glasses. has an effective value
varying from 1.07 to 1.24, although the
value obtained for the glass by itself
(column 2) is only 1.01. The average
value of this glass is approximately 1.17
instead of unity.

This variation of the unit throughout
the scale, in add’tion to the erratic varia-
tions illustrated in Fig. 1, shows clearly
the need and importance of the regrading
of Lovibond red glasses when they are
to be used with 35Y or any other Lovi-
bond yellow glass of high numeral. The
adjustments required to establish a new
(N") scale, insuring compliance with the
additivity condition will now be described.

2. Derivation of the N” Unit
and Numerals )

It has just been shown that the N’

From this. it is apparent that r/g =
;T
ST -
the computation of r/g but are used ‘in

comnutineg the colorimetric purity, as de—
scribed later.

1sSee. for example, -BS Sci. Pap. 8547,
p. 8. In view of the relatively large vari-
ations existing among red glasses of the
same nominal value, as found during the
statistical investigation described in BS
Research Pap. RP653. erratic deviations
such as are shown in Fig. 1 are to be ex-
pected.

. 'The values.of b do not enter into
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TABLE 1.—DERIVATION OF N” UNIT AND ADDITIVE SCALE FOR LOVIBOND RED GLASSES (BS 9940) COM-

BINED WITH 35 YELLOW (BS TEST 41,960).

N N’y N'né& N'N&x——N'N (l‘/g)N
N&

SEE TEXT FOR EXPLANATION.

=(AN’)

1 2 3 4 5
10 101 208 107 11640
20 204 315 111 12338
30 273 38 114 12805
40 38 497 117 1.3541
50 527 648 121 14572
60 626 749 123 15270
70 658 779 121 15495
80 807 929 122 16561
90 900 1024 124 17232
100 995 1118 123 17926
110 1054 1178 124 18363
120 1215 1334 119 19554
130 1298 1417 119 20172
140 1301 15090 118 20873
150 1549 1665 116 22080
160 1666 1781 115 22980
170 1712 1827 115 2.3341
180 1812 1924 112 24119
190 1876 1984 108 24622
1955 ... .. 25248

A(r/g)sn A(r/g)wn
(r/g)nn (r/g)x— (r/g)n&a— 1.173— “x
(r/g)x& (r/€)x (r/g)x A(r/g)xe& A(r/g)n&a
=A(r/g)na =A(r/g)n&s =(AN" )y =N"rp
6 7 8 9 10 11 12
1.2338 1.2370 0.0698 0.0730 0.9562 1122 1173
1.2805 1.3097 0467 0759 6153 722 2.295
1.3541 1.3592 0736 0787 9352 1.097 3.017
1.4572 1.4366 1031 .0825 1.2497 1.466 4114
1.5270 1.5433 0698 0861 8107 951 5.580
1.5495 1.6144 0225 0874 2574 302 6.531
1.6561 1.6363 1066 0868 1.2281 1.441 6.833
1.7232 1.7438 0671 0877 7651 .897 8.274
1.7926 1.8142 .0694 0910 7626 .895 9.171
1.8363 1.8829 .0437 0903 4839 .568 10.066
1.9554 1.9274 1191 0911 1.3074 1.534 10.634
2.0172 2.0443 0618 .0889 6952 .815 12.168
2.0873 2.1067 .0701 .0895 7832 919 12.983
2.2080 2.1774 1207 0901 1.3396 1.571 13.902
2.2980 2.2976 0900 0896 1.0045 1.178 15.473
2.3341 2.3873 0361 0893 4043 474 16.651
24119 24234 0778 0893 8712 1.022 17.125
2.4622 2.5004 0503 .0885 .5684 667 18.147
2.5248 2.5480 0626 .0858 7296 .856 18.814
2.6101 0853 19.670

20.

Mean = 1.173

scale is a smooth one but that since
AN’n&: is not constant, this scale does
not satisfy the additivity condition. To
make the new (N”) scale satisfy this
condition it must be such that AN”x&:
is a constant; and since it is important
to have numbers on the N” scale nearly
equal to numbers for the same glasses on
the N’ scale, this constant was taken at
1.173 the average value of AN'y&: (see
column 4). Assignment of N” values to
the glasses of the red series was then
carried out according to the fox;mula

N+1
N”gp = N’x + 1173——— (1)
AN'Né&:x
which defines the N” value of any glass,
N41, in terms of the glass, N, just be-
low it in the series. The further natural
condition was added that N”x = 0 for
35Y alone, or with clear glass.
Equation (1) is derived from the fact
that the interval between any 2 glasses,
N and N+41, must bear a constant ratio
to the interval represented by the nominal
unit glass, N =1, regardless of the scale
on which these intervals are expressed.
Therefore,
AN'Nn

ANy
A N'N&x

AN”N&].

The additivity of the N” scale is auto-
matically insured by giving AN”x&: a
constant value, as stated above. If this
value be taken at 1.173 and AN”x. be
expressed as N”x.; — N”x, equation (1)
follows.

In the actual computation of the N”
values for the 20 red glasses the follow-
ing nearly equivalent formula was used:

Alr/g)n
N’ = N”y + 1.173———— (2
. Alr/g)xta
which substitutes r/g steps for N’ steps
in formula (1). The 2 formulas would
be identical if r/g were linearly con-
nected to N’; the relatively small co-
efficient of the N” term (see Fig. 1) sug-
gests that the 2 formulas are not signifi-
cantly different, and tests by actual
computation substantiate this.
The values of N”y in column 12, Table
1 are obtained according to equation
(2), the values of the last term of this
equation being given in column 11, Note,
for example, that for N = 0 equation
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(2) gives 1.173 = 0 4 1.173; for N =1,
2295 = 1.173 4+ 1.122; and so on. These
values of N”x, in view of their method
of derivation will be hereafter referred
to as N”:4 as will be other values ob-
tained specifically by way of spectral
transmission and r/g computation. How-
ever, the subscript r/g will be omitted
where the emphasis is primarily upon
the N” value rather than the mode of
determination.

The values of N”;/ thus obtained for
the 20 glasses of set BS 9940 having
values of N = 1.0, 2.0, 3.0, ..... 20.0
were used to plot a standard curve from
which the value of N”;/ for any other
glass might be obtained after its spectral
transmission had been determined. This
curve is illustrated in the lower part of
Fig. 2.

Computation of N” for glasses having
values of N equal to 1.0 or less—The
curve just illustrated, r/g vs N”.z, was
not, however, wholly suitable for obtain-
ing values of N”,; for values of
less than 1.0* On the scale shown,
values could not be read with the desired
precision, and any attempt at magnifica-
tion would have been rather unsatisfac-
tory because of the slight curvature of
the line in this region. A straight line
was, therefore, assumed to hold between
the points representing N”., = 0 and
1.173, the equation of which is * N”:/4
= 17.22215 (r/g — 1.09587). Values of
N”:/s derived from this equation did
not differ from those read from the
graph by more than 0.01. This agree-
ment justifies the use of the equation,
since an uncertainty of 0.01 is negligible
so far as the absolute values are con-
cerned. For these fractional glasses,
however, it was desired to determine
values with a computational uncertainty
not greater than 0.001 so that differences

1#The spectral transmissions of the
glasses, N = 0.01, 0.02, 0.03, ...... .09,
0.10, 0.20, 0.30, ...... 0.90, of BS 9940,
were measured in 1926-27 but have not
been published.

1A sglight inconsistency may be noted
between the value of r/g here given for
35Y (= 1.09587) and that given previously
(a = 1.0958), which is due to rejection
errors. The use of 1.0958 in the present
equation would not change anv of the
values of N”r/g by more than 0.001.

between glasses nearly alike could be
obtained with greater precision. The
equation has, therefore, been used for all
computations of N”;/; for values of N =
10 or less. It should not be used for
values of N much greater than 1.0.

3. Standard Purity and Transmission
Curves

The value of N”;/s to be assigned a
Lovibond red glass in combination with
35 yellow 1s valid only under certain ad-
ditional conditions. Not merely the hue
but also the saturation and brilliance
must be of given value if one color is
to match another satisfactorily. For the
Lovibond red glasses with 35 yellow, it
is necessary, therefore, to consider stand-
ard colorimetric-purity and light-trans-
mission curves and corresponding toler-
ances. Otherwise, “grades” via r/g could
be assigned a large variety of glasses
giving colors differing enormously from
those of Lovibond red with 35 yellow.

Accordingly, values of colorimetric
purity,” P, were computed from the
trilinear coordinates (r, g, b), by the rou-
tine method.” The values obtained are
shown in Fig. 2, middle section, together
with the curve adopted as standard for
Lovibond red glasses with 35 yellow. It
may be noted that values were plotted
for some of the fractional glasses and
for a few extra glasses near N”,,, = 2,
in addition to the values for the glasses
used in deriving the (r/g, N”.4) curve.
This made possible a more accurate esti-
mate of the true course of the purity
curve for the lower-valued glasses.

The standard light-transmission curve
was determined in a similar manner.
Transmissions for Abbot-Priest sunlight,
Ts, were computed by a previously de-
scribed method.® Values of —logw Ts
thus obtained are plotted in Fig. 2, top
section.”

In general, of course, the values of
purity and sunlight transmission com-

Irwin G. Priest, The computation of
colorimetric purity, J. O. S. A. & R. 8. I,
9, 503 (1924).

YDeane B. Judd, The computation of
colorimetric purity, J. O. 8. A. and R. 8§
1., 13, 143 (1926).

#¥BS Sci. Pap. $547, p. 17.
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puted for any Lovibond red glass will
not fall exactly on the standard curves,
any more than do the values for the
glasses of BS 9940. The question of per-
missible tolerances has, therefore, to be
considered. The purity deviations and
tolerances may be expressed as P — Py,
where P is the actual purity of the glass
as defined above and Pyx” is the purity as
read from the standard curve at the
value of N”,, found for the glass. In
Fig. 2 this difference is represented by
the vertical distances between the plotted
points and the standard purity curve. The
magnitude of these deviations is further
illustrated and discussed in Section IV,
where the question of tolerances is con-
sidered.

Deviations of the actual sunlight trans-
missions (or —logi Ts values) from the
values proper to N”r; could be similarly
expressed, and are likewise illustrated in
Fig. 2 by the vertical distances between
the plotted values and the standard
—logwTs curve. As explained in foot-
note 6, p. 1/m, however, the additivity
condition refers to chromaticity alone,
and in the determination of N” the sun-
light transmission is eliminated as a de-
termining factor. Such data would be
of no use under the present customary
conditions of using the glasses to grade
oils. It is, of course, true that there
must be limits of such transmission, even
though wide, outside of which a glass
would be unusable in the oil trade. The
value of such limits is not known, how-
ever, and since no glass has been found
objectionable in this respect, the question
of luminous transmissions of the glasses
will not be further considered in the
present paper.

4. Selection of Standards for Routine
Calibration of Lovibond Red
Glasses

The purpose of the Bureau’s standardi-
zation was not merely the establishment
of an accurate additive scale but also the
selection of a certain number of glasses
so distributed in N” value that glasses
submitted for test could be directly com-
pared with them and graded. While the
calibration of any Lovibond red glass
with 35 yellow can be carried out via
spectral transmission measurement and
computation, as illustrated in the previous
section, this would be a much too
laborious and costly procedure for cali-
brating the thousands of Lovibond red
glasses used in the vegetable oil industry.
With standardized glasses available, the
time required for the calibration of a
glass by the direct-comparison method
is but a small fraction of that necessary
by the spectrophotometric method.

The obvious choice of glasses to serve
as comparison standards would be those
whose values of N” equal. respectively,
0.10, 0.20, ..... 090, 1.0, 20, ..... .0,
20.0; that is, a decimal system, so that
any test glass could be matched by a
combination of not more than 2 (or 3.
above 10.0) glasses.” Accordingly, most

¥The value of N”’rg = 0 was deter-
mined as follows: Ts for 385Y. BS Test
41,960, (alone) equals 0.6319, The value of
Ts for a zero glass was taken as 0.901,
which is the mean of the values given for
Ts for the zero red, yellow and blue glasses
(BS Sci. Pap. 8547, Tables 1, 2, and 3)
0.6319 X 0.901 = 0.5693 ; and —log;, 0.5693
== 0.2447, which is the value of the inter-
cept as plotted.

28ince the Lovibond red glasses of
smallest nominal value (N = 0.01) has an
N” wvalue of approximately 0.1, it is not
feasible to extend the decimal system to
glasses having values of N” less than 0.1.

0 50 10.0 15.0 20.0
0.20 0.20
40 40
%
o
S 60 .60
)
.80 80
T T T T 1 1 T 1 1 1 T 1 T T 1 T
o8l | f | 098
= ]
P L
95} H 95
‘92 1 1 1 i | i 1 1 1 l 1 i 1 1 ] 1 i 1 1 92
1 J 1 L T T T T T T T 1 ) T 1 1
2.5 Rl ‘ | =25
20— —20
L 4
Ty | 4
L 5
15 = —15
1.0 i I L [ l [l 1 1 1 l L [ L 1 l 1 )i 1 1 1.0
(o] 5.0 10.0 15.0 - 200

N7gRed g 5 gga0 With 35Yellow g reqs aig60

Fig. 2—Standard curves on the N” scale.

shows the elimination of the erratic variations in the volues assigned ito the glasses of

BS 9940 in the present standardization. The middle and upper curves show respectively

the walues of colorimetric purity, P, and sunlight transmission, Ts (on a log scale),
plotted as functions N"r/g.

of the red glasses of BS 9940 which had
not already been standardized® were
compared with combinations of the stand-
ardized glasses giving as nearly as pos-
sible the desired values of exact tenths
and units on the N” scale® Four ob-
servers® took part in this study, the
observations being made with a Martens
photometer having a 35Y glass over the
ocular and with illumination produced
by natural north skylight through milk

The lower curve compared with Fig. 1

glass.® Those glasses nearest matching
the selected combinations were then mea-
sured spectrophotometrically and the
values of N”,/ computed.® Other glasses
from BS 9940 were later measured until
to date a total of 78 red glasses from
BS 9940 have undergone spectrophoto-
metric standardization. Those selected
as working standards for the regrading
of glasses submitted for calibration are
listed in BS Research Pap. RP653, p.271.

Furthermore, the change in chromatieity
caused by a glass of N” = 0.1 (when com-
bined with 35 yellow, N red) is so small
that further subdivision would be an un-
necessary refinement, even if possible.

2AThat is, all the glasses excepting those
having values of N = 0.01, 0.02,
0.09, 0.10, 0.20, ...... 0.90, 1.0, 2.0
10.0. This comparison did not include
1g(}aaosses with values of N greater than

2Tt was possible by combining not more

than 3 of the standardized glasses to se--

cure combinations having values of N”
differing from the desired exact tenths

and units by not more than =+ 0.006
the range from N” = 0.1 to N” = 10

B¥Peane B. Judd, J. O. Riley, and the
authors made these observations under
glr? tsupervision and direction of Mr.

est.

24This apparatus is {llustrated in_ Oil
and Fat Industries, 5, 17 (January 1928).

over
.0,

2The degree of agreement between
values of N” obtained via spectral trans-
mission measurement and computation
and values of N” obtained by direct com-
parison with standardized glasses, is illus-
trated in Sections IV and V.
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1I1. Experimental Tests of Additivity
of N” Scale

The values of N’ and N”, and there-
fore the scaie and unit, established with
the glasses of BS 9940 in the present
standardization would be essentially un-
changed regardless of (1) the particular
35Y glass used in combination with the
red glasses, (2) the energy distribution
used to represent the source, within cer-
tain limits, and (3) the visual character-
istics assumed for the hypothetical nor-
mal observer,—although once the scale
is established, the exact values of the
various constants used in its deriva-
tion must always be used in computing
N”;/s for any unknown glass. Reason-
able variations of these factors do not,
therefore, have any bearing on the rela-
tive merits of the N” and N scales. It
should be remembered, however, that all
the conclusions stated refer to Lovibond
red glasses in combination with 35 yellow.
Similar conclusions might perhaps be
reached by a study of the red glasses
alone (without 35Y) or in combination
with other glasses, but such is not dem-
onstrated in the present paper.

The computational superiority of the
N” scale over the N and N’ scales has
already been demonstrated. There re-
mains, however, the very important ques-
tion of the practical utility of the N”
scale. This has been satisfactorily an-
swered by means of various tests showing
its additive nature. These tests have been
gradually accumulated since the scale
was inaugurated. A brief resume of the
results of several of these follows.

1. The practicability of the N” scale
was to a considerable degree ascertained
at the time the standards were selected.
It was found that (1) a given chroma-
ticity could be matched by combinations
of glasses having nearly the same value
of N”.; but considerably differing
values of N, (2) the N” values of the
single glasses selected to match the com-
binations were on the average not sig-
nificantly different (0.04 less) from the
N” values of the combinations.

2. An extensive intercomparison of the
standards from 0.1 to 10.0 was later made
by D. B. Judd and G. K. Walker with
improved illumination.” In this investi-
gation, various standards were combined
m pairs ahd a third standard selected
which nearly matched the combination.
The residual difference was then esti-
mated ; or, if such difference was greater
than N” = 0.1, a fourth standard ap-
proximating the difference was introduced
and the residual difference again esti-
mated. The N” value of the combination
of the first 2 glasses was then compared
with the N”. value of the third glass plus
residual (or plus fourth glass plus
residual). The Ilatter exceeded the
former on the average by approximately
0.03, this difference being, however, op-
posite in sign to the average difference
found under 1, just above. Individual
discrepancies rarely exceeded 0.12; the
agreement was considered sufficiently
satisfactory that a contemplated N’
scale was not formulated.

3. A series of red glasses, N = 0.1,
02 ..... 0.9 1.0, 20, ..... 10.0, were
submitted junder BS test 41960.¥ 1In the
course of this test, it seemed desirable to
see if the same values of N” would be
obtained for the fractiona! glasses when
they were combined with 7.0R as when
used alone (in both cases in combination

®Artificial sunlight, apparatus as de-
seribed in BS Research Pap. RP653.
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with 35Y, as usual). Accordingly, the
spectral transmission of each fractional
glass was combined with that of 7.0R,
35Y and values of N”./4 computed for
the combinations. The values of N”:/
for 70R, 35Y alone was then subtracted
from the values for the combinations and
the resulting differences compared re-
spectively with the values of N”,; ob-
tained for the fractional glasses alone
(with 35Y) obtained in the regular way.
The differences in no case exceeded 0.02,
indicating that within this tolerance these
fractional glasses had the same respective
values at these 2 widely differing places
on the scale.

4. Most conclusive of all is the evidence
afforded by the observations made on the
approximately 2,300 red glasses that have
been submitted for calibration. In these
measurements,” the test glass is given a
tentative regrade (N”) value by com-
parison with the standard glasses of BS
9940. After all the glasses submitted at
any one time have been thus tentatively
graded, they are intercompared. That is,
a standard is chosen equal (or closely
equivalent) in N” value to the difference
between the tentative values assigned to
adjacent test glasses. This is done
throughout the whole range of test
glasses. If a satisfactory intercheck is
not observed, the test glasses involved are
re-examined, the cause of the discrepancy
located, and new values assigned where
necessary, until finally, the whole set of
test glasses is consistent within itself and
with the standards. This intercheck
would prove impossible if the standards
themselves were not additive within the
desired tolerances. The fact that it has
been possible for the many hundreds of
test glasses submitted insures the addi-
tivity of the standards within the desired
tolerances.

IV. Comparison of N” Values Ob-
tained Via Spectral Transmission
and Computation of r/g, and Via

Direct Comparison with the
‘Standards

1t has been shown in the previous sec-
tion that the scale established for Lovi-
bond red glasses (with 35Y) at the
Bureau is an additive one within the
tolerances considered satisfactory for
calibrating glasses to be used in the
grading of vegetable oils. The 2,300
Lovibond red glasses already submitted
for calibration have been graded in terms
of this additive scale, the values reported
being stated (in each report) to have a
maximum uncertainty of 0.1 for N less
than or equal to 10.0, of 0.2 for N greater
than 10.0 but equal to or less than 16.0,
and of 0.4 for N greater than 16.0.

It is desirable, not only that the scale
be additive as already defined and illus-
trated, but also that the same value of

” be obtained, whether by way of
spectral transmission measurements and
computation of r/g (N”.x) or by direct
comparison with the Bureau’s standard
glasses (N”ops).

The first test of this kind was made
upon the red glasses of BS test 41960,
previously noted. The discrepancies he-
tween N7ops and N”.,, in only one case
exceeding 0.06 (0.10 for N = 10.0), were
not considered unduly large, since part of
the discrepancy would doubtless be caused
by errors in the spectral transmission®

27The spectral transmissions of these
gﬁ;ses are published in BS Sci. Pap.

#See BS Research Pap. RP653.

Similar comparisons of N”;/g and N”qps
were later made on two other groups of
glasses, submitted under BS tests 59,139
and 432-1.° The results are shown in
Table 2.

TABLE 2—COMPARISON OF
VALUES OF N”., OBTAINED
FROM ORIGINAL (r/g, N”:s)

STANDARD CURVE.

The discrepancies shown in column 5
led to the revision of the standard curve
for values of N greater than 5.0, as ex-
plained in Sec. V; these discrepancies
were largely eliminated by this revision.
There is but little correlations between
values of N”opse—N":/ and values of
P—Px".

Designa-
tion of N"obs— P—
Glasses N N”ous N”ig N”ie Py”
1 2 3 4 5 6
BS Test 2.0 242 240 4-0.02 4.0005
59139 4.0 430 422 .08 —.0015

60 634 625 4-.09 —.0008
100 10.52 1035 +.17 —.0032

BS Test 0.10 0.16 0.19 —0.03 4-.0002
20 .29 .28

432-1 +.01 +.0004
30 46 42 +.04 +.0001
40 57 56 401 -+.0001
50 63 .62 +.01 —0009
60 73 72 401 +.0001
70 82 81 4.01 -.0004

80 92 93 —01 —.0002

90 1.04 105 —.01 +.0002
1.0 124 130 —06 —.0003
20 225 225 .00 +.0001
30 332 335 —03 .

40 425 424 +.01 —.0026
50 548 543 +.05 —.0020
60 632 628 4.04 —0023
70 720 7.08 4-.12 —0022
80 857 847 +4.10 —.0033
90 899 894 .05 —.(018
100 1041 1028 -+.13 —.0020

200 21.72 2098 +.74 —.0006

An examination of these data (includ-
ing also those of test 41960 which are
not shown) indicated that no important
discrgpancy existed between the values
of N”ms and N7, for values of N =
010 to N = 30. From N = 40 to
N = 100 (and 20.0), however, there
was shown an increasing tendency for the
values of N”.—N": to be positive,
this discrepancy in some cases exceeding
the maximum uncertainty of 0.1 (or of
0.4 for N = 20.0) given in the reports
made on glasses submitted for calibra-
tion.

From Table 2 it might be suspected
that the differences, N”ope—N":z, were
related to some extent to the purity
deviations, P—Px”, since a tendency may
be noted for the largest positive values
of the former to group with the largest
negative values of the latter. However,
computation (including data on the
glasses of test 41,960) shows this correla-
tion to be only 20 percent, approximately,
with a probable error half as large.
Since the discrepancies between N”oys and
N”;/ can be adequately explained other-
wise (see next section), it may be con-
cluded that there is no important rela-
tion between these discrepancies and the
purity deviations.

The guestion of purity tolerances may,.

(Continued on page 257.)

2The magnitude of the differences in
N” :/z to be expected from errors in spec-
tral transmission is illustrated in the Ap-
pendix, p. 1/m.

sAcknowledgment is made to D. B.
Judd and Mabel E. Brown for assistance
in securing the data of this test.
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WITH A SPECIAL REFERENCE TO WOOD ROSIN

By HENRY J. W ARMUTH

Henry J. Warmuth

Although rosin has been used as a raw
material for soap for many years, it has
never received the widespread attention
and study that the other raw materials
such as fats, greases and oils have. Rosin
has been considered as a natural product
which could not be greatly changed, re-
gardless of what might be desired of it,
and therefore, was not worthy of the time
which might otherwise have been devoted
to it. This situation might have pre-
vailed for another fifty years, if it had
not been for the introduction of pale
Wood Rosin into soap manufacture. Here
the picture changed somewhat, because,
although Wood Rosin is basically a nat-
ural product, its conditions of manufac-
ture are such that its properties can be,
and are, materially modified in order to
meet the requirements of specific indus-
tries. The Wood Rosin producers offered
rosins to the soap industry which met
rigid specifications and possessed definite
chemical properties. It was early recog-
nized that Wood Rosin possessed certain
definite differences from Gum Rosin and
it is from a critical discussion of these
differences that we may hope that the
future will bring a clearer understanding
of the functions of rosin in soap.

Differences in the manufacturing opera-
tions between Wood and Gum Rosins are

GENERAL NAVAL STORES COMPANY

CHICAGO

based on economic reasons. Since Gum
Rosin is made from the exudate of the
living pine tree, it is obvious that Gum
Rosin must be produced at the time that
the oleo-resin is exuding from the living
tree; thus concentrating the work into

A Paper Presented at
the Eighth Annual
Fall Meeting of the
American QOil Chem-

ists’ Society.

a limited period of time. Wood Rosin
is recovered from the dead tree. There-
fore, the operation may be equalized to
be consistent the year around with no in-
tense periods of endeavor.

Gum Rosin is produced by hundreds of
so-called “turpentine farms” extending
in this continent from North Carolina
through Texas and into the State of
Sonora, Mexico. The reason for this de-
centralization of industry is that the still
or worm in the central camp of the tur-
pentine farm can only take care of a
limited amount of crude gum. Thus, the
size of the farm is limited by the capacity
of the still. Another economic limitation
lies in the fact that the crude gum from
the trees is brought to the still in barrels
placed in horse-drawn carts. This obvi-
ously limits the feasible range of trans-
portation and also gives the reason why
the capacity of the stills or their number
should not be increased. It has been con-
sidered at various times by numerous
people that the industry might be mod-
ernized and centralized, but, up to the
present, very little, if anything, has been
done to bring this about.

After the turpentine operations have
run their course, the lumber industry re-
moves the trunk of the tree while the
branches and stumps are left in the field.
This wood remains in place for a number
of years, sometimes as long as twenty,
before it is collected for use by the Wood
Rosin industry. Motor trucks and trains
eventually carry this wood to centralized
plants where it is to be worked. A great
area is covered by this method, and stor-
age in the yards tends to blend the wood
to an average oleo-resin content. From
the storage yards, the wood is taken to
the “hogger,” a machine designed some-

what after the principle of a cone clutch
in an automobile. This device reduces
the wood to chips, which are conveyed to
the “shredder” which reduces the chips
still further to approximately tooth-pick
size. These shreds are then placed in
storage bins to await extraction. The
above process so far has succeeded in
blending all the wood to a point where a
consistently uniform product is possible.
Further, aging in the field under the in-
fluence of sunlight and the atmosphere
has produced a blend which has elimi-
nated climatic and soil conditions.

When the shredded wood is charged
into retorts, the actual manufacture be-
gins. Superheated steam is led into the
bottom of the retort, through the wood
and carries out the turpentine and a por-
tion of the pine oil with it to condensers.
It will be noted that pine oil did not ap-
pear in the living tree. This is a prod-
uct of “aging in the wood.” When the
steam extraction passes the peak of its
efficiency, it is shut off and low boiling
naphtha 1s charged in. This extracts the
remaining pine oil and also the rosin
from the wood. This solution is now
drawn off from the bottom of the retort
which also acts as a filtration process.
It is then pumped into washing tanks
where cold water is sprayed into the
naphtha solution at the top and washes
out such wood dust and other materials
which may be suspended in the naphtha
while not actually soluble in it. By dis-
tillation, a complete separation is made
between the naphtha, the pine oil, and the
rosin. The rosin, at this stage, is the
“FF” grade, somewhat too dark for
laundry soap. From this “FF” Rosin,
the pale rosin is produced by dissolving
the “FF” in a petroleum solvent. This
solution is then treated with Furfural,
Resorcinol, or other chemicals or it is
filtered through diatomaceous earth.
Either treatment removes a portion or
all of the color bodies and also the oxi-
dized portion of rosin usually character-
ized as the petroleum ether insoluble
portion. After this operation, the pe-
troleum solvent and the rosin are sep-
arated by steam distillation. The amount
of color removed depends on the color
grade of rosin desired.

Three Main Differences

As far as the soap maker is concerned,
there are three main differences. between
Wood and Gum Rosin. These are melt-
ing point, saponification number, and odor.
The melting point of a Wood Rosin
suitable for soap ranges from 58° C. to

(Continued on page 260)
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THE DETERMINATION OF

THE OII_ CONTENT éf ’OYB-TANI

By R. S. McKINNEY, J. L. CARTER and GEORGE S. JAMIESON*

Through correspondence with agricul-
tural experiment stations and soybean oil
mills, it has been found that various pro-
cedures and extraction apparatus are
used for the determination of oil in soy-
beans. In view of the increasing impor-
tance of soybeans as an oil seed crop in
this country, there is great need for a
standard procedure, the use of which will
enable different analysts, whether at ex-
periment stations or at oil mill labora-
tories, to obtain comparable and reliable
results. The present investigation was
to establish such a procedure. Four of
the six procedures examined are now be-
ing regularly used for the determination
of the oil. Two of the methods studied
are those of the Association of Official
Agricultural Chemists, a third is based
upon the extraction of the undried ground
sample and in the fourth one the ground
sample is dried two hours before the oil
is extracted. The Knorr extraction ap-
paratus and anhydrous alcohol-free ether
are used with each of these four pro-
cedures. . The solvent used with the other
two methods is petroleum ether, conform-
ing to the specifications adopted by the
American Oil Chemists Society.** One
method is based upon the extraction of
the undried freshly ground sample of
beans for seven hours. The second
method is like the first except that after
being extracted for two hours, the meal

*A contribution from the Oil, Fat and
‘Wax Laboratory, Bureau of Chemistry
and Solls, and Division of Forage Crops
and Diseases, Bureau of Plant Industry,
U, 8. Department of Agriculture.

**Qil and Fat Ind. 8, 345 (1931).

1For details see page 4 of U. S. Dept.
Agr. Service and Regulatory Announce-
ments No. 133.

is removed from the extractor, ground
in a mortar, then extracted for another
two hours. In these procedures, the
ground samples are wrapped in filter
papers to form a thimble, and in such a

Be Sure to Read
January O & Soap
“Why Does Soap
Clean?”

“The Photelometer”
“Digestibility of Fats”

manner that the sample is spread out in
a thin layer, to facilitate the extraction
of the oil* These “thimbles” are placed
in Butt tube extractors (which are at-
tached to Allihn condensers with 12-inch
jackets) so that the condensing solvent
falls on the center of a plug of absorb-
ent cotton placed in the open end of
the “thimble.” The extraction is con-
ducted so that the condensed solvent falls
into the thimble at the rate of 150 drops
per minute. After the extraction, the ex-
traction flasks are removed from the Butt
tubes, and the larger part of the solvent
is removed by evaporation on the steam
bath. Finally, the flasks are placed for
an hour in an oven heated to 100-105° C.
After cooling, the solvent vapor is dis-
placed with air and the flasks are weighed.

In order to extract all the oil in soy-
beans with petroleum ether, it is necessary
after extracting for two hours, to grind

the meal in a mortar and continue the
extraction for another two-hour period.
This procedure had previously been
found necessary with a number of other
oil seeds examined by us. As yet a mill
has not been found that will grind soy-
beans fine enough to allow the oil to be
completely removed by a single extrac-
tion, without causing undue heating and
a loss of moisture. (See results in col-
umn 5 of the table.)

As the regrinding of the partly ex-
tracted soybean meal would be consid-
ered a burden in laboratories in which
50 or more samples are examined daily,
it is hoped that another procedure may
be found which is better adapted to rou-
tine analysis on a large scale but which
will give results in reasonable agreement
with the double extraction method.

The results obtained on dried and un-
dried soybeans by extraction with ethyl
and petroleum ethers are given in the
table. .

Before discussing the results obtained,
it is desired to emphasize the importance
of determining the oil content of the
beans on the freshly ground samples,
but when that is not possible the samples
should. be kept in closed containers in
the refrigerator. - These conclusions are
based on experimentation. Ground soy-
beans kept in corked bottles left in the
laboratory for only a day or two were
re-examined. In most cases, low results
were obtained, showing that a portion of
the oil had changed and had become in-
soluble in the solvent used for the ex-
traction. These suggestions should be
followed when examining seeds which
contain drying oils.

It will be observed (column 3 of the
table) that when the ground beans were
dried for five hours mm a vacuum oven
(26-27 inches vacuum was maintained)
at 100° C., then extracted with ether,
jower results were obtained than those
given in column 6, which were obtained
by a double 2-hour extraction of the
undried beans with petroleum ether. The
results in question were from 0.20 to
0.54 per cent low. Likewise, drying the
ground sample in an air oven for two
hours at 100° C. before extraction with
ethyl ether (column 7) gave results

(Continued on page 261)

OIL CONTENT OF SOYBEANS AS DETERMINED BY DIFFERENT PROCEDURES

1 2 3 4 5
17 hr. Extn. 17 hr. Extn, 17 hr. Extn. 7 hr. Extn.
ethyl ether. ethyl ether. ethyl ether. pet. ether.
Sample not Sample dried Sample dried Sample not
Soybean* dried 5 hrs. in 2 hrs. at dried
vacuum oven 135° C.
% nil % oil % oil % nil
2269 ... ... . 17.53 17.95 17.56
2366 ..., 20.19 20.69 20.42
2367 ..., 15.20 15.39 14.88
2368 ...l e 17.44 17.74 17.53
2391 ..l 21.93 20.96 21.18 20.86
2392 ...l 22.59 21.43 21.70 2142
2393 ...l 21.31 20.24 20.53 20.34
2394 ............. 20.81 19.97 20.11 19.84
Easy Cook .......
Dunfield ......... .
Haberlandt ...... .
Hahto ........... .
Mukden ......... .
Peking .......... .
Rokusun .........
Virginia .........

*¥Each of the numbered samples represents an unnamed variety of bean.
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6 7
2 hr. Extn. 17 hr. Extn.
pet. ether. ethyl ether.

Sampl:z not Sample dried
dried. Reground 2 hrs. at 100° C.

and extracted in air oven

% il % oil

17.73

20.73

15.47

17.74

21.34

21.85

20.63

20.23

18.85 18.30

23.39 2291

20.08 20.01

16.90 16.56

21.26 21.01

17.49 17.46

18.27 17.57
17.71

18.06
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NE increasingly difficult problem
O confronting the analytical chemist

of today is the ready detection of
adulteration. With olive oil, which has
been called the oil par excellence, this is
especially so, as the conventional analysis
is seldom of any great help in the ma-
jority of cases. The adulterator is far
ahead of the analyst, with whose re-
searchesh e keeps in constant touch in
order to devise new means of circumvent-
ing him. Instead of a single oil, or such
oils as are easily detectable, he makes a
mixture of several, generally those for
which the chemist has no specific re-
actions, in just the proportions to come
well within the values given for pure
olive oil and thus defy discovery. His
task is not so hard as it may appear,
since these values spread over so wide
a range and are so ill-defined by text
and authority that quite a list of oils is
available for such mixing.

What is Olive OQil?

This leads one to pause to consider,
“What is olive 0il? What makes it dif-
fer from other oils? What is there
about it that makes it cost so much
more than the others?” The answer to
these artless questions involves the sur-
vey of olive oil from three angles. The
consumer of the edible grade regards it
from the superficial and patent, the
chemist from the intrinsic and latent
point of view, and the technical user-
from the way it behaves in practice.
The characteristic properties of pure
olive oil cannot be resolved into a single
test for identification. It is not the
same thing to all men.

Produced in a variety of kind and
grade to fit certain purposes, neverthe-
less, olive oil—pure olive oil—has a dis-
tinct superiority over other oils when-
ever so used, such as to characterize it
apart and subject it to more extensive
imitation and substitution than any other
vegetahle oil. Not that there are uses
to which any other oil may not be bet-
ter adapted, as in deep-fat frying short-
ening and mayonnaise. But for certain
soaps—as Castile, mottled, and textile;
for sulphonating purposes ; and as a salad
oil, olive oil commands a premium, as
evidenced by its higher price. .

It is, however, in the edible line that
this oil is prized so highly that one won-
ders as to the reason why. There are
those who care naught for the flavor of
olives. It is like caviar to the millions.
But for those—and there are many—
who delight in its fruity flavor, olive oil
is worth the extra cost. Undoubtedly
the lay public buys this oil primarily for
flavor and incidental medicinal proper-
ties. If the present trend in the manu-
facture, preparation, and blending of
olive oil continues, however, to say noth-
ing of the extensive evil of mixing in
other oils, what little there is left of these
two characteristic qualities plainly justi-
fies no premium over other edible oils

The Change in Olive Oil Quality

Were we to refine and deodorize olive
oil, in so far as the consumer is con-
cerned, we have taken out all that he
pays for. To him, all refined, deodorized
edible oils look and taste alike, whether
peanut, cottonseed, corn, sesame, or olive.
They represent simply fatty matter.
Whatever differences due to chemical
and physical composition may exist in-
nately between them are certainly too

oil &« soap

OuiviE O1L A DULTERATION
AND THE ANALYST

By M. F. LAURO

slight to warrant any appreciable price
differential.

Now, as a matter of fact, this is just
what is going on at the present time.
A great change has come over olive oil
quality within recent years. It is doubt-
ful whether there is olive oil on the
market in the United States today with
the old-time full fruity olive flavor and

Oil and soap chemists
are urged to send to the
editorial offices of OIL &
Soap photographs of
their laboratories and
plant equipment.

therapeutic quality. Perhaps people here
like a tasteless oil. If so, then other
oils would answer the same purposes
and there is no especial need for olive
oil. And surely, one should not be re-
quired to pay the higher price.

Olive oils that normally find their
way into edible lines are refined,
bleached, and deodorized to blend with
harsher oils of inferior quality, making
up the usual edible olive oil sold today.
This is regarded as sophistication and
presents an unusually hard problem for
the chemist of today. Oil recovered
from foots, a by-product of the olive
oil manufacture, extracted from the
residual pulp with carbon bisulphide,
de-acidified, bleached to remove the
green color and steamed to remove ob-
jectionable odor and traces of solvent,
1s now a common ingredient of salad
oils. In many cases, artificial olive flavor-
ing is added. There is a green olive oil
prepared from foots or inferior olive
oil, colored with chlorophyll, copper
compounds, or dye, for mixing with cot-
tonseed or other oil to simulate olive oil.

Even as to pure olive oil, accustomed
as time goes on to a bland and almost
tasteless salad oil, the American public
is being deceived, since it pays a very
high price for oil attenuated, if not en-

tirely deprived of those virtues possessed

only by virgin olive oil or oil of the first
pressing with no treatment other than
necessary for clarifying.

The Three Approaches to the Identity
of Olive Qil

Flavor, then, represents as to -the edi-
ble oil, one way to distinguish olive from
other oils as well as the choicer grades of
the same. It is for the expert to pass
on, and unfortunately there are very few
analysts who include this most valuable
index to purity and quality in their
routine analysis.

Of course, it is of small consequence
in the case of commercial oils where
the odor has been masked with denatur-
ing substances like oil of rosemary, as
is usually the case. Yet heating often

brings out the odor of olive, or of such
oils as lard and fish when present as
adulterants. And so, the chemist should
include this simple test in his search for
impurity, however slight its value may
appear.

In the inedible line, for certain pur-
poses, olive oil still holds a superior
status. It has undoubted advantages as
a soap, in cosmetics, in the textile in-
dustry and in sulphonation. Why? Be-
cause of its peculiar properties and be-
havior when applied in the arts., This
constitutes a second distinguishing fea-
ture. As an example, a greater thermal
effect than usual in sulphonating an al-
legedly pure olive oil was the clue that
led to the discovery of a foreign oil.
This would suggest the Maumené num-
ber to the chemist, a test usually of no
value and rarely applied. The addition
of corn or peanut fatty acids to olive
oil foots is said to alter its behavior in
saponification and the resulting soap -
color to a degree capable of detection.

Correlated to this method of detect-
ing abnormality, and as a third element
of differentiation, there are the char-
acteristics developed by chemical analysis.
Thus olive oil 1s tested for its iodine
absorption or acetyl value, its composi-
tion in terms of fatty acids, saturated
and unsaturated, its reaction to various
chemicals and its properties as mani-
fested under certain tests.

In considering these three ways by
which this oil 1s judged, ie., the con-
sumer’s, the user’s, and the chemist’s, a
better idea of what is olive oil can be
obtained than by each separately. For
this reason, the chemist should include
in his routine of analysis, organoleptic
tests and any practical method cor-
responding to a particular application in
the industry.

Limitations of the Commercial Analysis
of Olive Qil

The commercial chemist is restricted in
the analysis of oil to what his client
will pay for. Hence, in the course of
time, he has evolved a set form of pro-
cedure in determining the purity from
which he varies but little: specific grav-
ity, iodine, saponification and acid
values, a few color or qualitative re-
actions, and occasionally an index of
refraction, unsaponifiable matter, etc.

It happens there is no specific test for
olive -as there is for sesame and cotton-
seed oils. The evidentiary tests are
really exclusive and negative ones, not
direct and positive. Purity is judged by
freedom from such oils as do have spe-
cial traits, or by departure from normal
values. Now, what are the normal
values for olive oil? They vary with
the source of the oil, its locality, mode
of preparation, etc. One need only
glance at the limits given by text and
authority to stand convinced that ten
and twenty percent of other oils may
be mixed with olive oil before any
change occurs to give definite evidence
of abnormality. In some cases, in oil
denatured for edible purposes up to 100
percent adulteration may be had with

253



oil & soap

scant hope of detection. Teaseed oil is
one of those oils that so closely resem-
bles olive as to practically defy dis-
covery.

Of course, the more values sought, the
greater the chance of finding anything
wrong. This very often means consid-
erable work for the chemist for which
he is grossly underpaid. From the out-
sider’s point of view, however, the cost
of a complete analysis is prohibitive save
in exceptional cases. Furthermore, his
inquiry is a simple one and he cannot
understand why the chemist must do so
much work to answer that. “The trouble
with analytical chemistry,” thinks he,
“is the vast amount of labor involved in
finding out the simplest thing!” To a
large extent, he is right. It is also true
that some of this labor is by nature in-
evitable. Yet the analyst is woefully
behind the physicist in the use of mod-
ern tools. He concerns himself rather
with standardizing methods of analysis
for official work than with developing
short cuts for himself, using the new
knowledge acquired since 1900 in allied
lines, as in modern advanced physics and
electricity, which have furnished the me-
chanical and esthetic improvements of
recent years. There has been a revamp-
ing of science in the last twenty years
with consequences far greater than have
been produced in all the years of man-
kind before. Yet analytical chemistry
has changed very littlee More tests
have been added from time to time, but
it seems chiefly to have made some very
simple tests more elaborate and cumber-
some, so much have they been hedged
about with safeguards.

The pioneer necessarily sought all the
items by which he could identify, deter-
mine and grade kind and quality, Those
that followed in his footsteps continued
the practice of using his criteria. Now,
stereotyped for posterity they have be-
come a burdensome overhead to the com-
mercial chemist, by reason of their great
number and lengthy procedures.

Today, the trade cannot wait for the
chemist nor can it pay the commercial
analyst the price of a long laborious test.
It is up to the chemist to catch up. The
depression has developed the three and
five dollar analysis or no analysis at all.
It is only when trouble arises as in
breaches of contract or disputes as to
quality, that a more extensive examina-
tion, is required.

This may seem to the old-timer a de-
grading. of the profession. If one is
in business for a living, he must adapt
his methods to the times, in order to
succeed. He cannot use the ways of one
who is subsidized and under no press of
time. Official methods are for official
work, though even there, brevity of pro-
cedure would be desirable. To hew to the
orthodox analysis which the pioneer
fastened upon him and which has been
rendered useless by advancing years of
adulterating and changing quality means
fewer and fewer calls for the chemist
from the merchant, who is always in a
hurty and cannot pay much. To proceed
on the old factual basis, getting all the
data possible whether necessary or not,
may be a proper function of the scientist
in building up a literature on the subject.
It is not for the practicing chemist to
follow the course laid out by one with
a distinctly different objective or by one,
who with good intent, accustomed the
trade of his day to’a comprehensive type
of report, which some still feel makes
? formidable and convincing array of
acts.
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Many of the usual items of analysis
might well be omitted. Subsequent
events have made them useless. Of such
are specific gravity and index of refrac-
tion in the case of most oils. For olive
oil, about the only material constant left
is the iodine value. This leaves very
little to show on a certificate of analysis,
but it is a good policy not to report un-
necessary tests, even if run, lest a
precedent of Frankenstein proportion be
raised the next time an analysis is re-
quested.

The Need for Specific Tests

Since most of the so-called character-
istics of oils have outlived their useful-
ness in those cases where a price differ-
ence induces an extensive imitation or
substitution with other oils (where even
the iodine value can furnish no help),
any trait that is possessed by one oil
and none other offers the best possible
proof of purity, Unfortunately only a
very few oils have been found at the
present time to have such special traits.
They may be evidenced by a color test
or by some particular fatty acid or by
some peculiar behavior. Cottonseed, pea-
nut, rape, and sesame oils are examples.
For olive no special test has as yet been
discovered. Research is therefore needed
to develop these most useful criteria of
purity. The men best qualified by reason
of their varied and continuous practical
experience with oils have seldom time
to carry on - any experimental work;
hence tests of this kind have been slow
in coming. Extensive changes in the
mode of preparing many oils have ren-
dered obsolete color tests that were well
thought of years ago, since these color
reactions were doubtless due to impuri-
ties in the oils that are no longer there.
The Halphen for cottonseed and the
Villavecchia or Baudouin for sesame are
examples of those that have survived
and show clearly the advantage of such
tests in the determination of purity.
Every endeavor should be made to add
to the list, since they afford a better
means of detecting adulteration than
some so-called constant which measures
a property in common with other oils
like the iodine or alkali absorption ca-
pacity, differing only in degree, and
therefore easy to duplicate.

The Need for Revised Data

Pending the discovery of special tests
and new characteristics, the old ground
should be cleaned of much that impedes
the growth of new ideas. In the first
place, a great deal of the data carried
along in the literature was obtained on
oils under different conditions of manu-
facture and preparation than the pres-
ent, by methods of analysis more or less
accurate and some practically obsolete.
A good many df the iodine values were
obtained on cruder oils than appear on
the market today, by the old Hiibl
method, which registers figures consid-
erably below those of the Hanus and
Wijs methods. The Septetnber, 1933
issue of “Oil and Soap” contamed a
timely- article by J. T. Andrews on the
“Saponification Number of Cocoanut
Fatty Acids,” in which he showed how
untrustworthy was the value given in
the literature for the mixed fatty acids,
and how this error became perpetuated
in the standard references, without any
question being raised at any time. The
older literature contains many instances
like the sbove that repeated revisions
have not weeded out. There is urgent
need of revising the values to conform
to more modern practice. ’
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Commercial laboratories and those
connected with the large industries have
been analyzing all varieties and grades of
oils for many years, keeping pace with
the market and thus with changes in
quality. A compilation of the data from
these sources would prove most useful
information on which to base a proper
evaluation of oils as they actually appear
on the market—as merchandise, in bulk,
for general sale and consumption, not as
laboratory samples or experimental prod-
ucts. Thousands of samples of oils have
been tested by the commercial analyst to
the few hundred examined by the chem-
ists who have helped take the literature
of the past. Each has his peculiar and
necessary function to perform. The lat-
ter, we might say, give the “theoretical”
values of the pure oils as lights to steer
by, but the practicing chemists, in shap-
ing theory to practice, depart somewhat
from the wider range thus given and
restrict the values in the light of many
thousands of examples to those that con-
form more nearly to the actual. They
thus achieve a range representing the
fair and usual average quality of the
season’s production, which, it is sub-
mitted, is a truer and fairer index to
purity and quality than the text values.
Evidence of this statement is seen
wherever and whenever a trade associa-
tion or group of chemists has under-
taken the setting up of rules and regula-
tions regarding the purchase and sale
of oil. Specifications in such instances
are found to accord with trade practice.

The Advantages of Definite
Specifications

This leads us to the unquestioned merit
of establishing standards of quality for
any food product. Left undefined, such
a product is at the mercy of the profiteer
and the adulterator.

As matters stand now, with the ex-
tremely wide range of values reported
for olive oil in literature, it is most
difficult for the chemist to pass judg-
ment as to its purity. Restricting these
values within narrower limits would set
up a higher standard of quality which
would tend to reduce the evil of adultera-
tion. It is true that extensive mal-prac-
tice has caused the “characteristics” of
olive oil to mean very little today, leav-
ing the iodine value and a few qualitative
tests the only material symbols in the
orthodox scheme of analysis, yet in ad-
vance of finding new and better and more
characteristic traits, about the only re-
course we have in the present situation
is to draft a new set of specifications
covering the various kinds and grades of
olive oil and its by-products so that the
old ground may be effectively cleared
for the newer growth.

To be practical, these specifications
must correctly apply to the product we
are defining. Yet to be effective, they
must represent that product as it appears
on the market. The abnormal and the
unusual must be left out. This results
in giving the trade a permissive stand-
ard to aim for, a shield of protection
from inferiority and a sword against
the evil of debasement.
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Product Development

New industries, new processes and new uses for
present products—these, according to a well known
business leader, are the cures for many present day
industrial ills. Evidence that industrial trends sup-
port this statement is to be found in many places.
An increasing number of manufacturers are turn-
ing to product development or product improve-
ment as a means of stimulating sales and enlarging
profits. Product development today is concerned not
only with chemical excellence but also with potential
markets and with qualities in the product that will
meet the desires of consumers.

Sales or service men are found to be a fertile source
of ideas for new products, probably because of their
close contact with users. Other companies obtain sug-
gestions from general employes which have been found
useful in developing new ideas. A prominent manu-
facturer of automobiles goes direct to the consumer,
on the theory that “there is only one person qualified
to say just what the motorist prefers and that person
is the motorist himself.”

Surveys reveal that many companies, in the selec-
tion of ideas for development, give attention to such
considerations as: (1) whether the product is suit-
able for marketing to established sales outlets, (2)
whether it can be fabricated with existing plant and
equipment, (3) whether it will overcome seasonal
dullness, (4) whether the potential market is worth
cultivating. Although the use of a technical research
organization consisting of chemists and engineers are
to be found common in larger organizations, surveys
of smaller companies emphasize the need of organiza-
tion and systematic procedure. Research and develop-
ment work should be under the direction of an officer,
often ranking with the executive in charge of produc-
tion and sales.

Wro
WhAT
WHERE
WHEN
Why
Calcium Soap on Fibers

Dr. Bernard H. Gilmore, of Mellon Institute of Industrial
Research, Pittsburgh, Pa., who recently concluded an investi-
gation of the determination of calcium soap on textile fibers,
has said that a critical survey of the literature of the subject
coupled with the results of his experimental work showed

that the common solvents for calcium soaps were not selec-.

tive in differentiating between alkali soaps and alkaline-earth
soaps. He has described a method that is based upon the
complete extraction of the total soap by the appropriate sol-
vent, followed by the actual determination of the calcium
content of the soap extract. Benzene and carbon tetrachloride
were found by him to be equally efficacious for the extraction
of calcium oleate; he learned, however, that these solvents
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were not efficient for calcium stearate. A mixture of ben-
zene and absolute alchohol (advocated by Marcusson) was
proved to be the most effective solvent for the extraction of
calcium soaps of the saturated fatty acids and hence most
suitable for general purposes, because most soaps contain mix-
tures of saturated and unsaturated fatty acids. Dr. Gilmore
ascertained that, unless unusual precautions are taken to in-
sure anhydrous conditions when alcohol is used as the extract-
ing solvent, erroneous results will be obtained, owing to the
interaction between the alcohol and the soap. His observa-
tions on the employment of alcohol as a solvent for soap cast
considerable doubt on the reliability of the classical triple-ex-
traction method, which was devised on the assumption that
calcium soaps are not extractable by alcohol.

Crude Cottonseed Oil Samples for
Collaborative Refining Tests

Because of the lack of funds to support an extensive series of
crude cottonseed oil samples for collaborative refining and
bleaching tests, also because of the feeling that referee chem-
1sts and other participants are entitled to a rest from the inten-
sive programs of collaborative tests of the past two seasons,
the A. O. C. S. Referee Board plans this season to distribute
only two crude oil samples. These will be shipped in January
and February without cost to the society or to the referee chem-
ists. 1f any other members of the society wish to receive these
samples, they will be furnished for a small fee covering only
actual cost of the extra samples. Those wishing to receive
crude oil samples (other than holders of referee certificates
reading on analysis of oils) should promptly notify A. S. Rich-
ardson, Chairman, Referee Board, Ivorydale, Ohio.

Chicago Conference to Consider
Flaxseed Marketing on Oil Basis

An informal conference to discuss the possibility of market-
ing flaxseed on the basis of oil content and quality was held
November 22 and 23 at Chicago.

This conference, which representatives of flaxseed crushers,
grain inspection departments, paint manufacturers, agricultural
colleges, grain exchanges, and farmers’ organizations attended,
was arranged by Dr. Alva H. Benton, representative of the
Secretary of Agriculture for the code of fair competition for
the linseed oil manufacturing industry.

Golf Tournament

The Golf Tournament, which has become an enjoyable fea-
ture of the Fall Meeting of the American Oil Chemists’ Society,
was held on the afterncon of Friday, October 12, 1934. The
facilities of the Edgewater Golf Club had been kindly offered
to us and, through the courtesy of the Weather Bureau, an
ideal autumn afternoon was secured. Together, these insured
a perfect afternoon of sport.

Ten prizes were offered but, after they had been distributed,
it was found that due to the excitement attending the scratching
of several contestants who had over-handicapped themselves,
one prize remained unclaimed. This prize, consisting of half
a dozen golf balls, the golf committee divided among its
members.

The winners were as follows:

First Low Gross, a leather zipper bag, won by E. J. Bennett,
with 82; Second Low Gross, a sand iron, won by J. Wrench,
with 85 First Low Net, a dozen golf balls, donated by the
Laboratory Construction Co., won by L. M. Tolman, with
96-24—72; Second Low Net, a set of leather club head covers,
won by J. Pelofsky, with 91-18—73; First Blind Bogey, a canvas
zipper bag, won by G. W. Agee; Second Blind Bogey, a canvas
zipper bag, won by R. C. Hatter, Third Blind Bogey, half
dozen golf balls, won by A. Guillandeau; Fourth Blind Bogey,
half dozen golf balls, won by A. E. King.

Finally, a beautiful adjustable putter, designed by Rube Gold-
berg, was presented to H. C. Dormitzer for the largest number
of putts—41. Dormi hopes that this putter will improve his
game, on the theory that nothing could make it any worse.

Through the courtesy of the Peerless Clay Co., each con-
testant was supplied with a golf ball at the first tee.

This golf match, besides being a most enjoyable occasion.
had the unique dlstmctlon of being the first one, in the history
of the Society, in which Will Irwin did not win a prize. It
speaks pretty well for a player, when the only way to keep him
out of the prizes is to have him break his leg.

A. A. ROBINSON.
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Peanuts

A modification in the rates of payments
to oil manufacturers who divert 1934
farmers’ stock peanuts intd oil under the
peanut adjustment program was an-
nounced November 15. The modification
order, signed by Acting Secretary of
Agticulture W, R. Gregg, and effective
December 1, 1934, affects only those
peanuts converted into oil on or after
December 1, 1934,

STANDARDIZATION OF

Alsop Engineering

Alsop Engineering Corporation has ap-
pointed representatives in Palestine, Italy,
Argentina, Sweden, British West Indies,
and Germany. Representation is already
well established in England, Cuba, Ha-
waii, Australia, Brazil, Canada, New Zea-
land and Porto Rico as well as in every
principal city in the United States.

I ovisonp Rep Grasses

IN COMBINATION WITH LOVIBOND 35 YELLOW
(Continued from page 250)

however, be considered in this connec-
tion. Four glasses have been found with
va.ues of P—Py” greater than —0.0050,
the maximum being —0.0066. In none of
these cases did the vaiues of N”op—
N”,/s exceed + 0.05. This further illus-
trates the lack of correlation between
these quantities and shows that the ques-
tion of purity tolerances has proved of
little importance in connection with the
2,300 glasses already graded.

No specific tolerances have, therefore,
been fixed for the values of P—Px".
However, it seems undesirable that this
quantity exceed 0.605. Such a value is 2
or 3 times the least difference perceptible
with our conditions of observation and
makes the determination of N”.ps rela-
tively difficult. None of the 78 calibrated
glasses of BS 9940 has a value of P—Py”
greater than 0.0036, and the values for
the standards selected for use in the
grading of glasses submitted for calibra-
tion do not exceed 0.0012.

V. Revision of the (r/g, N”)
Standard Curve

Since the values of Table 2 were based
on extensive and repeated measurements,
it seemed necessary to re-examine the
standards of higher value used in the de-
termination of N”es. Such redetermina-
tion did not have, as a purpose, the as-
signment of new values of N”:/ to the
standards. This was unnecessary because
the scale had been shown in various
ways to be additive to the desired de-
gree (see Section IIT), and was highly
undesirable because of the large number
of glasses that had already been graded
in terms of these standards. The pur-
pose was (1) a remeasurement of the
spectral transmissions™ of the higher-
valued standards, (2) as a recomputa-
tion of r/g to see if the large discrep-
ancies would be reduced, (3) if so,
an ‘empirical revision of the (r/gN”)
curve of such kind if possible that the
same values of N”:/, would be obtain-
able with the new values of r/g. Such
revision would be based also on the values
of N”es (Table 2) for which accurate
values of r/g were also obtainable. This
would further insure the continued ad-
ditivity of the scale and for values of N
greater than 10.0 nut it on a more certain
basis than before.™
——

3iImproved apparatus and technique
gave exvectation that more accurate val-
ues would be obtained. (See Appendix.)

21t was originally intended not to ac-
cept glasses for calibration having values
of N greater than 10.0. While the original
standardization of the glasses of BS 9940
included all the exact integer glasses from
10.0 to 20.0, there had never been any ex-
‘ensive experimental tests of the additiv.
ity of the scale in this region.

In Table 3 is summarized all the data
entering into the re-examination and re-
vision of the (r/g,N”) curve. The
values are plotted in Fig. 3. It was
highly desirable, as stated above, that the
values of N”:; originally assigned the
standard glasses remain unchanged.
Hence the new values of r/g are plotted
against the original values of N”:4. In
the case of the standards, N = 12.0, 13.0,
17.0, and 20.0, the values of r/g are also
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plotted against the values of N”ops ob-
tained for these 4 glasses by the regular
method of comparison and grading in
terms of standards having values of N”
equal to 10.0 or less.

For the respective test glasses the
values of r/g are plotted against the
values of N”qs. Provided the values for
the test glasses are found to plot con-
sistently with those for the standards, the
resulting curve will satisfy the various
requirements that have been noted, viz.:

(1) It will be on the average in accord
with the values of N”:4 originally as-
signed to the standards of BS 9940.

(2) It will be additive, inasmuch as it
will be consistent with values of N”ops
over the whole range.

(3) Values of N” obtained via spectral
transmission and computation will closely
check those obtained by direct observa-
tion.

In Fig. 3 the dotted curve represents
the original (r/g, N”) curve shown in
Fig. 2. The continuous line is the em-
pirically corrected curve, drawn to fit
the plotted points as accurately as pos-
sible. However, no correction was con-
sidered necessary for values of N” less
than 5.0, and the 2 curves deviate per-
ceptibly only above this value.

In Table 3, columns 6 and 7, are shown

TABLE 3—DATA ON WHICH IS BASED THE REVISION OF THE
(r/g, N”:zs) STANDARD CURVE,

Designation N N7/s
of Glasses (original
calibration)
1 2 3
Standards of 0.86 1.003
BS 9940 1.8 1.95
28 2.99
3.9 394
4.9 5.08
54 5.82
5.6 6.16
6.0 6.531
6.8 6.85
7.6 7.59
82 8.04
9.0 9.171
98 10.00
12.0 12.168
13.0 12.983
17.0 17.125
20.0 19.670
BS Test 432-1 0.10
.20
.30
40
.50
.60
70
.80
90

—

v B oeNaviann=,
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BS Test 59139

o
oD

10.0
BS Test 62704-L 200

Alg. mean (N = 1.0 t6 N = 20.0, excluding N = 20.0, BS 9940) —.009

Deviation from

r/g N obs corrected curve
for
(1930-31) N N”obs
4 5 6 7
1.1558 —.02
1.2149 —.03
1.2766 +.03
1.3419 —.01
1.4205 .00
1.4721 00
1.4994 —.04
1.5224 .00
1.5466 —.01
1.5982 +.03
1.6376 —.06
1.7174 .00
1.7830 —.04
1.9434 12.19 .00 +.02
2.0023 1292 +.02 —.04
2.3094 17.22 —.03 +.06
2.4994 20.05 —22 +.16
1.1069 0.16 —02
1.1122 29 +.01
1.1203 46 +.04
1.1286 57 -+.01
1.1321 .63 +.01
1.1376 73 +.01
1.1427 82 -+.01
1.1498 92 .00
1.1570 1.04 .00
1.1717 124 —.04
1.2311 225 .00
1.3022 3.32 —.02
1.3618 425 +.01
1.4464 5.48 -4-.03
1.5084 6.32 —01
1.5676 7.20 +.05
1.6704 857 +.03
1.7053 8.99 —.03
1.8088 1041 +.03
2.6208 21.72 .00
1.2405 242 +.02
1.3611 4.30 +.07
1.5061 6.34 +-.04
1.8141 10.52 +.07
2.6091 21.55 00
+.015
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Fig. 3—Revision of standard (r/g, N"r/g) curve. Data taken from Table 3.

the deviations of the plotted values from
the corrected curve. The {ollowing
points may be noted:

(1) None of the values of N”;/; as-
signed to the standards, nor of N”ons
obtained by comparison with the stand-
ards, deviate from the corrected curve
by more than ==0.07, excepting only
N = 20.0, BS 9940.

(2) The deviations, without any ex-
ception, fall within tolerances adopted as
satisfactory for grading Lovibond red
glasses with 35 yellow. These tolerances
have been stated at the beginning of
Section IV.

(3) As shown by the algebraic means
of the deviations (columns 6 and 7), the
average discrepancy between 'the values
of N";/g and N”.ps is elss than 0.03.
(—0.005 — 0.01; = —0.02,).

(4) By use of this corrected curve,
-essentially the same values of N” may
be obtdined from accurate spectrophoto-
metric measurements as are obtained by
dire;&gomparison«with the standards of

(5) The values in column 7 of Table 3
compared with the values for the same
glasses given in the fourth column of
Table 2 show the improvement effected
at the higher values by the corrected
curve.

VI. Representative Nature of the N”
Unit and Scale

It has already been shown® that on

the basis of the first 1,000 glasses graded,

the relation between the N and N” scales

may on the average be expressed by the
least-squares equation

N =102 N + 014 (3)

1f the equation be derived on the basis

of only those glasses which have values

of N = 1.0, 20, 3.0, ..... 20.0, the fol-
lowing is gptained:
N” = 1014 N + 0.21 4

This may be compared with the similar
equation obtained with the 20 glasses of

BS9940 (N = 1.0, 2.0, 30, ..... 20.0) :
N” = 0987 N + 026 (5)

33BS Research Pap. RP653.
258

A comparison of equations (4) and
(5) shows a significant difference in the
average N” values for the 2 cases, as
illustrated in Table 4.

TABLE 4—COMPARISON OF
VALUES OF N” COMPUTED FROM
EQUATIONS (4) AND (5)

N N”
Equation Equation

4 (5) (4) Minus (5)
0 0.21 0.26 —0.05
1.0 1.22 1.25 — .03
1.85 2.09 2.09 .00
5.0 5.28 5.20 + .08
10.0 10.35 10.13 + 22
20.0 20.49 20.00 + 49

These values show the important dif-
ferences that exist for values of
greater than 5.0.

Of still more importance, however, is
a comparison of the values of AN"/AN
as derived from equations (4) and (5).
These values, that is, the slopes of the
lines represented by the equations, are
respectively 1.014 and 0.987, and the ratio
of the first to the second is 1.027. In
other words, the average N” difference
between the adjacent glasses in the series
N =1.0,2030,..... 20.0 is 2.7 percent
greater for the tested glasses than for
those of BS9940. Therefore, if the N’
value of the nominal unit glass had been
derived in the same manner and with the
same values of N as given in Table 1,
but with glasses representative of the
averages found for the tested glasses,
this N’ value would have approximated
1.173/1.027 = 1.142, instead of the value
1.173 obtained from the 20 glasses of
BS9940. Equation (3) would, in this
case, have been:

(N”) = (1.02/1.027) N -+ 0.14/1.027
= 0993 N + 0.14 ®)

On the average the values of N” and N
for the first 1,000 glasses would then
have been more nearly alike for the
larger values of N.

For small values of N, however, this
change in the unit would produce but

little change in the values of N”. For
thus region, the observed differences be-
tween N” and N are due mostly to
lack of additivity in the average N scale,
as exemplified By the intercepts of the
equations, that is, the vaiues ot N” when
N = 0. (See RP653, p. 279 to 282.)
No change in the magnitude of the unit
would eftect any appreciable improve-
ment in this respect.

It is in no way surprising that the 20
glasses of the Bureau set, BS 9940, fail
10 give exactly the same scale and unit
that a much larger number of glasses
would have given. The slight failure of
the Bureau glasses to be accurately rep-
resentative of the first 1,000 glasses
graded has apparently caused no trouble
or inconvenience to the oil trade, whereas
the elimination of the erratic and con-
sistent deviations from additivity that
existed among the Lovibond red glasses
when combined with 35Y has removed one
of the principal causes of dispute re-
garding the color grading of cotton seed
oils. The Priest-Gibson (N”) scale may
now be considered as thoroughly estab-
lished in America.

APPENDIX

Effect of Spectrophotometric
Uncertainties

The question arises as to whether the
differences between the valueswof r/g
obtained for the standards in"1930 and
those obtained earlier (1924-28) are due
to changes in the glasses or to errors in
the determinations of their spectral
transmussions. It is believed the latter is
the cause, inasmuch as adequate reasons
are known for the discrepancies. The
differences in the two determinations of
spectral transmission may be put‘into 2
classes:

1. Those caused by ordinary experi-
mental error. It has previously been
pointed out* that the Lovibond glasses
are imperfect optically. Striae, bubbles
and pits are usually present in varying
degree and there is known to be in some
cases a slight variation of color over the
surface of the glass. For glasses of
such optical condition, highly accurate
measurement cannot be made, and errors
or uncertainties as large as 1 percent of
the transmission are to be expected. A
total discrepancy of 2 percent between 2
determinations is, therefore, not consid-
ered excessive. This limit was rarely
exceeded at any wave length for any of
the 17 standards listed in Table 3, ex-
cepting 1 glass, N = 9.0, where a bubble
in the center of the glass was appar-
ently the cause of the earlier values
averaging 3.0 percent lower than the
later ones, and excepting the glasses,
N = 12,0, 13.0, 17.0, and 20.0 at 500 to
550 mu which are discussed below. It
is quite certain that the recent deter-
minations are more accurate than the
previous ones; the spectrophotometric
technique has been improved, and from
2 to 4 complete sets of measurements
were made on each glass in the recent
determination as compared to only 1 (in
most cases) in the previous determina-
tions.

2. Those ascribed to special instrumental
error. The glasses having values of
N = 120 to N = 20.0 show consistent
discrepancies in the region of maximum
absorption, viz., from 500 to 550 mp, the
discrepancies increasing as N increases.
The earlier values were lower than the
recent ones, thus causing the r/g values
to be higher. These relatively large dis-
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crepancies from 500 to 550 mg may be
certainly ascribed to instrumental error
in the 1923 measurements. The appara-
tus was at that time as described in BS
Sci. Pap. S440. For the recent measure-
ments, the apparatus was as described in
BS Research Pap. RP30. Among other
improvements was the installation of
auxiliary rotating sectors of accurately
known aperture. For low transmissions,
where the nicol readings are otherwise
too near the extinction points, a sector
of 10 or 1 percent aperture is now used
in the blank beam and the transmission
of the glass measured relative to that of
the sector. This brings the nicol readings
back into a part of the scale known to
be accurate by measurements made on
sectors of higher transmission® These
auxiliary sectors were used at low trans-
missions in all the recent measuréments,
so that in the region of lowest trans-
mission, 500 to 550 my, the discrepancies
found should be due mostly to errors in
the previous measurements, .

In Table 5 are shown the differences
in r/g obtained from the two sets of
spectrophotometric measurements and
the differences in N”.,* equivalent to
these differences in r/g. These values
are given not only for the standards of
BS 9940 but also for certain other glasses
upon which 2 complete sets of spectral
transmission measurements had been
made. Values of A(P—Pyx”) in no
case exceed *=0.0011.

#BS Sci. Pap. §547, p.14.

S5For further discussion and illustration
of this point, see BS Research Pap. RP30;
also J. O. 8. A. 21, 564, (September 1931).

TABLE 5—DIFFERENCES IN r/g

AND N”.; CAUSED BY DIFFER-

ENCES IN SPECTRAL TRANSMIS-

SION OBTAINED IN TWO DIF-
FERENT DETERMINATIONS.

A refers to first determination, B to

second determination.

N (r/8)A—(r/g)B  A(N":p)
0.86 —0.0017 —0.03
1.8 —.0026 —.05

**2 0 +.0013 +.02
2.8 +.0027 +.02
3.9 —.0003 .00

*40 —.0029 —.05

4.0 +.0004 00

49 +4-.0010 +.01
*50 —.0048 —.06

54 +4-.0024 +.03
5.6 +.0001 00
6.0 +.0046 +.06

*6.0 +-.0022 +.03
**6.0 —.0030 —.03
6.8 +.0041 +.05
*7.0 —.0032 —04
7.6 +.0070 +.09
*8.0 —.0030 —.04
8.2 +.0006 00
9.0 +-.0058 +.07
*9.0 —.0052 —.07
038 +.0044 +.05
*10.0 —.0047 —.06
**10.0 —.0053 —.06
120 +.0120 +.15
13.0 +.0149 +.18
170 +.0247 +.33
200 +.0254 +.35
*20.0 -—.0244 —.33

Arith, Mean (N = 0.86 to 10.00) = 0.03:
*BS Test 432-1
*BS Test 59139
Other values, BS 9940

oil &« soap

It seems apparent from Table 5 that
uncertainties in N”rj4 resulting from our

.spectrophotometric data, for values of N

not greater than 10.0, are less than 0.1.
The average discrepancy is about 0.04.
We believe that possible errors in values
of N”¢; determined from present spec-
trophotometric data obtained in the col-
orimetry section will not exceed =0.05.
Without due regard to the various con-
siderations necessary to insure accurate
spectrophotometric work, however, con-
siderably larger errors than those illus-
trated may result. The four glasses of
BS test 59139, Table 5, were measured
in another laboratory. The {ollowing
discrepancies were obtained between
values computed from their published
curves, subseript C, and from our second
determinations :

N (r/g)c—(r/g)B A(N")
20 —0.0005 —0.01
4.0 + 0073 + .11
6.0 + 0225 + 31
10.0 + 0425 + 54

These values compared with those for
the same glasses in Table 5 show the
relatively large errors that may be ob-
tained from inaccurate spectrophotometric
measurements.

The question arises also as to why the
N":/s values originally obtained for the
glasses of BS 9940 (having values of

seJt should be remembered that the
value of N”r/¢ was not changed for any
of the standard glasses (see Section V);
the values of A N”:/g in the case of the
standards merely show the differences in
N”r/g that are equivalent to the differ—
(teinces in r/g obtained in the 2 determina-

ons.
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Fig. 4—Relation between values of N and the discrepancies in v/g for certain glasses
of BS9940. See Appendix.

N =10, 20, 30, ..... 20.0) in the deri-
vation of the Priest-Gibson scale in Table
1 are additive, as shown by the revised

curve of Figure 4, when the higher
valued glasses have been found to have
significant errors in the original spectral

transmission measurements, The answer
seems to be that these errors were more
or less consistent and caused errors in
the values of r/g which were roughly

. AN Illustration goes here .. ..

INSERT FIG. 4 .... .... ——

Fig. 4—Relation between wvalues of N

and the discrepancies w r/g for certain
glasses of BS 9940.

proportional to N. This is shown in Fig.
4 where the values of (r/g)A—(r/g)B
(Table 5) are plotted for those glasses
of BS 9940 which entered into the deriva-
tion of the scale in Table 1, viz.: N =
6.0, 9.0, 12,0, 130, 170, and 200. A
straight line drawn through these values
intersects the abscissa at N = 5.0 ap-
proximately instead of N = 0; however,
the rough proportionality shown for
values of N greater than 5.0 is believed
to afford adequate explanation of the
question raised at the beginning of this
section, since the r/g curve is nearly
straight between N” = 5.0 and N" =
20.0. It is interesting to note that the
revised curve in Fig. 3 deviates from the
original curve only for values of N"
greater than 5.0,
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PRosiN Fon SoAD

(Continued from page 251)

60° C. A similar grade of Gum Rosin
will be found to melt from 57° C. to
65° C. or averaging about 2° C. higher
than Wood Rosin. Both of these melting
points are by the capillary tube method,
which is the one adopted for use in de-
termining melting points of most organic
chemicals. Practically all other methods
are combination of melting points and
viscosity and as different types of rosin
have different viscosities, these other
methods do not always give an unbiased
result. The significance of the slightly
lower melting point of Wood Rosin is
that certain fats and greases may produce
a softer soap in combination with it than
with Gum Rosin.

The saponification value of rosin is a
more peculiar feature than perhaps any
other, The saponification value of pale
Wood Rosin suitable for soap lies be-
tween 168 and 175, while that of a
similar grade of good quality Gum Rosin
is from 171 to 180 as a rule. By strik-
ing averages, it shows that Gum Rosin
contains a few per cent more saponifiable
material than Wood Rosin. Actually,
the above rosins show 7% to 10% un-
saponifiable for Wood Rosin and 3% to
8.5% for Gum Rosin.

According to all text and reference
books, any material to be converted into
soap by saponification should contain a
minimum of unsaponifiable matter. This
may be true of all material other than
rosin. It is definitely untrue concerning
rosin up to a certain point. This point
is unknown exactly, but it is a well known
fact that a rosin containing 22% unsaponi-
fiable material makes 3 more efficient soap
than one containing 3%. The word effi-
ciency is understood, in this case, to mean
that it shows no detriment to sudsing ability
and that it actually forms a more stable

emulsion of greater dispersion. Since one
of the actions of soap is to emulsify the
adhesive portion of dirt, this emulsifying
property 1s certainly one to be studied
by the soap chemist.

An interesting side light on the above
statement is found in one branch of emul-
sion chemistry, namely that one concerned
with rosin soap emulsions of oils. In
order to emulsify terpene oils, vegetable
oils, or petroleum products from gasoline
to lubricating oil, a rosin with a high
percentage of unsaponifiable is preferable
to one with a low percentage. A rosin
with 16%-22% unsaponifiable actually is
better for stability and fineness of dis-
persion than one of 3%-8%. Sometimes,
it is necessary to deliberately refrain from
neutralizing -all the free acid in the rosin
to get the best results. In all cases, there
is no discernable difference in stickiness
between the rosins.

There has been much discussion of the
odor of Wood Rosin, some people going
so far as to say that it imparts a disa-
greeable odor to soap. Actually, this is
not the case since Wood Rosin possesses
very little odor. Gum Rosin, on the other
hand, contains a small amount of odorous
compounds, which impart an aromatic
odor to the rosin, and, consequently, a
soap containing an appreciable quantity
of Gum Rosin has a distinctive odor due
to these aromatic compounds. Wood
Rosin, having none of these aromatic
compounds, has no odor covering prop-
erties and the odor of a soap containing
it is characteristic of the other materials
used in its manufacture.

Gum Rosin has changed but little dur-
ing the past century except for more ac-
curate grading of the color types, thus
_enabling the buyer to receive what he

ordered. Wood Rosin is constantly being
improved and new and superior brands
being offered to the consumer. In the
last seven years, soluble Wood Rosin and
pale Wood Rosin have been brought out
together with refinements that make the
rosin more suitable for the specific indus-
try to which it is offered. The Newport
Industries, Inc., while producing only ten
of the thirteen possible color grades has
so moadified these grades that it is pro-
ducing over thirty different brands of
rosin, each with one or more character-
istics which make it especially suitable
for the various industries. The type ad-
vocated for soap, paper size, disinfectants
and cleaning compounds, is one which has
had some soda reacted with it while in
the manufacturing process.

There are three ways in which rosin
is usually converted to soap. The method
considered best is that of cooking rosin
with caustic soda or soda ash in a water
solution. Soda ash is frequently used
here because it is cheaper than caustic
or a second run lye may be used to a
good advantage. When the cook is fin-
ished, it contains from 60% to 70% solids
and is used as a stock to be added to the
fat soap before dropping the nigre. From
that point on, the procedure is normal.
The second best method and perhaps the
one in widest use in the small to medium
size soap factories, particularly where
glycerine recovery is of no importance,
is that of first saponifying the fat in a
large excess of alkali and then adding
the rosin which takes up that portion of
alkali which has not been used in saponi-
fying the fats. The third and last method
is that of saponifying fats and rosin
simultaneously. The evil to be encoun-
tered in this method lies in the fact that
the rosin will be saponified first and
grained out before the fats are completely
saponified. This method, in spite of salt-
ing out and of vigorous crutching has
been known to cause streaky soap as it
seems impossible at times to regenerate
the rosin soap curds to a smooth paste



