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PHOTOCHEMICAL ADDITION "OF
1,3=-DIOXOLANE TO D-RIBAL TRIACETATE
AND SUBSEQUENT HYDROLYSIS OF THE ADDUCT.

F.B.I. Al-Bandar and Salmen A.S. Al-Janabi’

x INTRODUCTIONR

The addition of 1,3-dioxolane to the endocylelic double
bond of 2,3,5-tri-O-acetyl-D-ribal (1) enhanced by photochemical
radiation using either sunlight or a U.V. lamp. Subsequent acid
hydrolysis of the adduct was carried out yielding a product with

clear indication of the presence of ree carbonyl group.

Light induced addition of 1,3-dioxolane and similar comp-
ounds to olefines have been demonstrated by Rosenthal and Elad[j].
Addition of 1,3-dioxolane to unsaturated carbohydrates was reported
later [E] . Photochemical reaction products showed that 1,3-dio-
¥olane favors addition from position (2) and less likely from
position (4)[:3]. A mixture of products is usually obtained indi-
cating the most probable free radical mechanism of addition.

’10 5

2<<:0 " 1,%=Dioxolane molecule
3

Hydrolysis of the 1:2 adduct was the important next step as
™ the expected 2,5-anhydro furanose to be produced would have a free
aldehyde group at C, which is an attractive functional group for

oy elaboration of C-nucleosides and their analogs [Mﬂ.

Department of Physics, College of Education, Al-Mustansiriyah
University, Baghdad - IRAQ. _ _ _ _ _ _ _ _ _ oo - odlocoo-

Al-Mustansiriysh Journal of Science, Vol. 5, No. 1 (1979).
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RESULTS AND DISCUSSION

243,5-tri-O-acetyl-D-ribal (1) was radiated under direct "
sunlight in dry acetone using quartz cell. The products were
identical to the one obtained under radiation with U.V. light &
using a high pressure mercury lamp. When agueous acetone was =

used, the reaction was found to be faster with better yields.

The photochemical addition of the 1,3-dioxolane-2-y1-
radical to (1) would take place at 01 mainly 3 from both o -and B
sides of the l-enofurancyl ring thus giving (2) and (3) in a

lati i 11,
relative ratio of 1:1 Acocul

o
Acocw, O —o Ac,/0 o N Ao
OAc

/)

OAc 1 OAc OAc 5 OAc 3
T.L.C. indicated the presence of mainly 2 spots attributed
to compounds (2) and (3) and some of the starting material.

Prolonged treatment would result in the formation of

deacetylated products.

Elution of the products by column chromatography afforded
Teasonable yields of the expected products which were identified
by C,H analysis and both I.R. and N.M.R. spectroscopy.

I.R. spectroscopy indicated the absence of C=C streching
in the products. N.M.R. spectroscopy indicated the absence of the
chemical shift of the olefinic proton with the presence of a
lower shift for aldehydic proton plus other shifts for ethylenic

protons.

Acid treatment of compound (2) as an attempt to produce
compound (5) was not successful due to the apparant

rearrangement of (5) after deacetylation in the acidic medium &



to give the 1,4 anhydro allose (6) which was indicated clearly by

elemantel analysis on the isolated products from suc treatnant.

AcOCH 0 + HoH
Ho (4) ou
(2) Ar.oc_H cHO C
) (4)
OAc OAc OH OH

Therefore, it was important to reacetylate (4) in the
reaction mixture to protect 05 from attack using acetic amhydride
and pyridine then the product afte. isolation was treated with
aqueous acetic acid (50%) (5] . T.L.C. indicated the presence of
two components. The more polar component gave a positive test

with 2,4-dinitrophenyl hydrazine.

I.R. spectum of the expected aldehydic product showed the
presence of acetate groups at 1745 cm'q, and H-C=0 stretching at
2880 cqu, while the N.M.R. data showed the presence of an indi-
stinct doublet at 5 8.81 corresponding to aldehydic proton.

Purther proof of the structure of the 1:2 adduct was achieved
by its hydrolysis in sodium ethoxide to give the free alcohol,
z-p-ribofuranosyl-1 3—d10xolane which showed two significant
signals at 5 4,7 snd 3.7 for the acetal and methylene protons
respectively by M.M.R. spectroscopy.

EXPERIMENTAL
Photolyseis work:
2 1 Under Ultraviolat Li $

L) By using 1,3-dioxolane and agueous acetone:
A mixture of 1,3-dioxolame (15 ml.), aqueous acetone
(2 ml, 2%), and the D-ribal derivative (1) (1 g.) was

irradiated for 24 hrs.



A solution of D-ribal derivative (1) (0.5g.) in acetone
(4 ml.) was then added in four equal portions at (12) hrs
intervals and the mixture was further irradiated until

there was no change in reaction mixture (96) hrs.

T.L.C. (benzene:methanol 8:2) indicated the presence
of three components after %6 hrs. which possesed identical
Rf values to the reagents. After further 24 hours two more
compounds were developed. The reaction mixture was dried
over anhydrous sodium sulphate, filtered, and then evapo-
rated to dryness. The residue (1.3 g.) was adsorbed on
silica gel (150 g.) Elution with benzene afforded a
fraction (0.39 g. 20% yield) which was attributed to the
starting material (1) followed by a second fraction (0.8g.
47.6% yield) which was identified as 1:2 adduct of 1,3~
dioxolane ribofuranoside derivative whose I.R. spectrum

showed a strong absorption for (OH} group at absorption

band at 1645 c:m"‘1 for olefinic bond (HC=C).
Anal. calec. for 012H48°8 C, 49.65% H, 6.20%
found C, 49.14% H, 6.79%

N.M.R. date:at ppm (5) 3.7 (A-protons, singlet, ethylene)
4.7 (1-proton, singlet, acetal H)
5-5.7 (1-proton, multiplet, H3)
4,2 (4-protons, multiplet, Hd*H4‘233)
4.7 (2-protons, indistinct doublet,
superimposed acetal H, and HE)‘
2.45 (1-proton, broad multiplet,OH).
2 (9-protons, singlets, 3 Oic).
2.0%3, 0.5-1.5 belonged to reagent.
Elution with benzene:methanol 8:2 gave a third fraction
(0.23 g.) (13.6%) whose I.R. spectrum was identical with

that of the second fraction of 1:2 adduct of 1,3-dioxolane

derivative.



Anal. calc. for 01031607 C, 48.22% H, 6.45%

found C, 47.28% H, 6.96%

While the last fraction was obtained in (6% yield)
whose elemental analysis indicated that it was not a

carbohydrate compound.

B: By using 1,3-dioxolane and dry acetone:

- A mixture of 1,3-dioxolane (15 ml), dry acetone (2 ml)
and D-rival derivative (1) (1 g.) was irradiated for (24)

hrs.

A solution of D-ribal derivative (1) (0.5 g.) in acetone
(4 ml) was then added in four portions at (24) hrs. intervals
and the mixture was further irradiated until there was no

change in reaction mixture (144) hrs.

T.L.C. indicated the presence of three components after
(72) hrs. which was attributed to the starting material and
reagents respectively. The fourth, fifth, and the sixth
components were developed after (96), (120), and (136) hrs.

respectively.

Excess reagents were removed under reduced pressure and
the residue (1,3 g.) was chromatographed on silica gel
(50 g.) Elution with benzene gave D-ribal derivative (1)
(0.4 g., 26.6% yield), followed by 1:2 adduct of 1,3-dioxolane
ribofuranose derivative (0.7 g., 41.6% yield) as a syrup
product whose I.R. and N.M.R. spectra were identical with
the ones obtained from photolysis in the presence of agueous

acetone.

Elution with benzene:methanol 8:2 afforded a third
fraction (0.25 g., 14.8% yield)whose I.R. spectrum was iden-
tical with that of the second fraction of 1:2 adduct, while

the last fraction was obtained in (5%) yield as a side product.
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In direct sunlight:

The method of Rosenthal and Elad was followed [ﬂ]. A
mixture of 1,3-dioxolane (10 ml), dry acetone (2 ml) and
D-ribal derivative (1) (0.5 g.) was left in direct sunlight

for one day.

A solution of olefinic sugar (1) (0.25 g.) in acetone
(3 ml) was then added in seven equal portions at one day
intervals and the mixture was left in sunlight for another

(8) days.

T.L.C. indicated the presence of three components after
(3) days while the fourth and the fifth components were deve-
loped after (5) and (10) days respectively. Excess reagent
were removed under reduced pressure and the residue (0.6 g.)

was chromatographed on a silica gel (40 g.)

Benzene eluted a fraction (0.19 g., 26% yield) which was
identified as the starting material. Elution with benzene:
methanol 8:2 afforded a second fraction (0.35 g., 41.66% yield)
which was identified as 1:2 adduct of 1,3-dioxolane derivative
followed by a third fraction (0.12 g., 16.5% yield) which was
identified as the deacetylated product of 1:2 adduct of 1,3-
dioxolane derivative, while the last fraction was also obtained

in (6%) yield as in the previous experiment.

Acid hydrolysis of the 1,3-dioxolane adduct to generate the

free aldehyde compound:-

A stirred solution of 2-(2,3,5-tri-O-acetyl- (3 ~D-ribo-
furanosyl) -1,3-dioxolane (4) (0.25 g.) in acetic acid-water

1:1 (8 ml) was continued for over (24) hrs.

£y
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T.L.C. showed a slight change in Rf value and a yellow spot
appeared on treatment with alcoholic 2,4-dinitrophenyl hydrazine
spray. The product was isolated using chloroform yielding a syrup

product (0.1 g.).

I.R..data: F;}m No absorption for (OH) group.
s A7RS cn™ due t0(0=C) of Ac group,

1720 en™" due to aldehydic group (-CO)

2880 cm” due to aldehydic proton.

N.M.R. data: at ppm ( 6) 8.15 (integrated ares was not clear
presence of aldehydic H)
5.1 (1-proton, multiplet, HB)
4,% (4-protons, doublet, Hﬂ’H4’2H5)
3.9 (1-proton, triplet, H2).
2.1 (9-protons, singlet, 3 OAc.)

Base-hydrolysis of 1:2 adduct:-

A solution of 1:2 adduct (2,3) (0.089 g.) in dry ethanol (1 ml)
was treasted with a solution of sodium ethoxide (2 ml, 0.02 N). The
reaction mixture was shaken for (5) hrs. T.L.C. in benzene:methanil

8:2 indicated the presence of two components.

BIO - RAD (Dowex 50 - W - X) resin (H') was added to stop the

reaction, filtered, evaporated to dryness, yielded a syrup product.

Film ~
I.R. data: 2 3400 cm~ ' for (OH) groups
max.
1745 em~ ! for carbonyl group

N.M.R. date at ppm (9 ) 4.7 (A-proton, singlet, acetal)

3,7 (4-protons, multiplet, methylene
protons).
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TREATMENT OF IRAQI WOOL WITH
ANTIFELTING AND ANTISHRINKAGE AGENTS

M. K. Sadek and  S. A. S. Al-Janabi’

ABSTRACT

Different oxidiation methods to prevent felting and shrinking
of weol, were studied, esbecially cepper sulphatehydrogen peroxide
and potassium permanganate metheds.

In this paper we applied copper sulphate-hydregen perexide
method.

attempts have been made to find the eptimum reactien conditiens
between weol and hydrogen peroxide in the presence of traces of
ceoper te perform antifelt and antishrink improvement. Dyeing pre-
perties, fastness test, physico-mechanical properties and chemical
constitutions were investigated as related to the oxidation

The reactions were carried eut at different temperatures and feor
various length of time and at various pH's.

INTRODUCTION
I: Studies on shrink and felt-resistance as related to copper
sulphate-hydrogen peroxide treatment.

There are many facters that could take some part in felting these
factors are D.F.E. (Directional Fractional Effect) er scaliness.
Seme of the major properties that could be affected by felting are:
Curliness, Crimpness, and Twist [17 .

Physical oxidation and additive prossesses are follewed in this
paper among other treatments to render weol antifeltable and
antishribkablef 27)

It has been established that on applying hydrogen peroxide
either in acid or alkali media to weol, antifelt and antishrink
effects could be obtained [ 3] . The facters geverning these treat-
ments were found te be concentration, pH, temperature and duration
of treatment.

Al-Mustansiriysh Journal of Scienmce, Vel. 5, Ne. 1 (1980)
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The reaction between wool and H,0, is powerfully catalysed

by heavy metal ion such as copper or nickel[:h] « The process was
primarily studied by Kantouch and coworkers and it was reported
that the treatment of wool for 15 minutes with 0.25 é/L.CuSOh
followed by mlkaline hydrogen peroxide treatment ( 2-4 vol. )
rendered wool antishrinkable and antifeltable at 50° C for one
hour[.5] e The -8~8- bond is readily oxidised in the presence of
heavy metals but it is-not known whether the oxidation with
Cuso, / Hy0, Proceed by the same chemical reaction[ 6]. Graham
and 8tatham investigated the felting of wool in Calcium chloride
and sine sulphate [ 7]. Nitscchke studied the use of chromium and
copper salts [87, Mcphee investigated the reaction of wool with
sodium sulphite and zn®* [9].

EXPERIMENTAL

Materials and chemicals:
1. Woeol :

Iraqi wool (arabi) ( 100 % ) fibers, (50 s), fineness 29.6 u,
washed thouroly, scoured then rinsed $pinned and woven in fabric,
twill 2/2, worsted, wrap 2/24 metric, weft 1/30 metric, ends per
inch is 77-78, picks per inch is 73-74, scoured and crabbed weaved
in fabric. Copper sulphate (hydrous) and hydrogen peroxide (110 vol,)

of pure grade were used.

2. tme of wool with co r te and drogene peroxide:
Scoured wool is treated in a copper sulphate solutjion(0.2-2%),

adjusted to pH5 ( lige.ratio 1:40 ), four times ranging from 10=-60
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minutes, with occasional shaking in a thermostatic water bath
at temperatures ranging from LO-60°C . The squeezed copper

sulphate treated wool is inserted into a new bath containing

hydrogene peroxide ( 1-2 vol. ) edjusted to pHY4 with sulphuriec
acld or to pHB using sodium silicate at temperatures ranging
from 10-60 mimutes with occasional agitation.

.Tha treated wool sample was rinsed then treated in an
acldified sodium sulphite bath ( 3Ig Nap803 /L, 0.5ml1 2N H,80,,/L)
for 15 minutes at 30°c « Finally the wool was throughly washed
with hot theh with cold water and finelly was air dried .

3. Analytical Methods:

a., Determination of CuBOh consumption [jd]-nd hydrogene peroxide
conlunnmion[ﬁ1]13 calculated from difference in concentration of
their solution before and after resction with wool .

be Solubility measurements :

Urea=bisulphite solubility(12], and Alkeli-solubility[13)are
calculated as percentage of the dry weight of the sample .

c. Estimation of totel nitrogene in wool by & micro-kjeldahl
method[14] . |

d. Estimation of sulphure content in wool [15] .

@« Aminc acid anslysis :

Betimation of tyrosine {16] , tryptophan [17], cystine (187 .

o5 !elflng and shrinkage test of fabric was eatimated f19] .

B Iéchanical measurements :

Tensile strength and elongation (20], Gount number [27)] ana
Twist test 22 .,

4. Dyeing of wool :

The following dyestuffs of diffrent classes were used :
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No - Name Class C.I. Supplier
1. Polar brill-RedB Acild Acid Red 249 (Civa - Glegy)
2. Diamond chrome Chrome Mordand Red 19 ( Bayer )

Red 50

3. Neolan Orange G 1:1 Metal Acid orange 62 (Ciba-Glegy)
complex
4. Remalan Yellow GG 2:1
Metal comple® Acid Yellow 149 (Hoechst)

5. Cibacron Blue BR Reactive Reactive Blue 5 (Civa-Giegy)

The different classes were applied as menaloned by Bird[zj, PH

temperature and time are sdjusted according to the dyeing process

5. Fastness tests: Fastness tests are reported according to ISO tests
as follows: Washing ISO test No. 2 [25] , Fastness to light [?q],
Fastness to rubbing | 25], Pastness to perspiration [267] , Fastness

to crabbing [ 27].

Results And Discussion

In order to accentuate the copper sulphate-hydrogene
peroxide improvement, & systematic study of the reaction of
wool with copper sulphate , then with hydrogene peroxide and finally
with sodium bisulphit was carried out in the limits where wool did
not loose its fibrous characteristics. Fig. (1) repséaent the

rates of copper sulphate consumption. It is clear that the rate

increased by the increase of temperature and time of reaction .
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rig 1 ): Rate of copper sulphate
consumption ( g C'mh. 5320/1003.-501).



18

Complete consumption could be achieved after 10-20
minutes on using relatively low concentrations at 50° Ce.
On the other hand, complete copper sulphate consumption
could nct be reached even after 60 minutes at 60°c, when
using 0.5g Cusoh. 5H20/L indicating a decrease in the affinity

of wool to copper after certain consumption. Gautios addition
of copper sulphate at low tempretures ascertsin its levelling
on wool . .

Selected wool samples pretreated with copper sulphate
were subjected to hydPogen peroxide treatment. Figuresa(2,3)
show that the hydrogen peroxide consumption increased on
increasing the copper content in wool and on increasing both
temperature and reaction time.

The pH of a solution has also played an important role
in-the hydrﬁgen peroxide consumption. At pnh & consumption of
80% could be achieved on using wool with low copper €ontent
after 2 hours treatment at 40°C. This was attributed to the
catalystic effect of copper, partly in oxidation of the wool
keratin, and partly in decomposition hydrogene peroxide at this
PH. This effect was increased on increasing the reaction
temperature (table 1 ). In general the decrease in hydrogen
peroxide percentage in case of pH8 was much lower than that
of pHY under identical conditions of temperature, time, and
copper content, also the rate is smooth relative to PH4.Thisg
can be attributed to the regular decomposition of hydrogen
peircxide.

It is clesr that pretreatment of wool with copper salts
is oaagntial to impart nntlihrink and antifelt properties to

~ woel,

i
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I Vol. Hy0, pH, 5° ¢

0.15 g.CUSO . 5H 0/100 g.wool
0,30 go = = 0=
0.60 go = = -

0.75 B = = = =
1.0 go = = = =
1.40 ge

~
A
a
(o]
@
©

Reaction time ( minutes )

Pig( 2 ): Rate of oxygen consumption of
copper sulphate - treated wool
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2 L+]
I Vol. l202 , PH8 , 50 C

<7 0.15 g« CUSO o 5H20 / 100 g.wool
D 0,30 Be = = = =
3.0 |- O 0.60 g = = = =
C 0-75 Be =
® 1,10 g« =
|
©® 1.40 8e

" = 4 1

A0 &C qo 120

Reaction time ( minutes )

Fig( 3 ): Rate of oxygen consumption of
copper sulphate = treated wool.

™
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Table (1)

% Area felt-Shrinkage of wool fabrics treated with copper

sulphate followed by hydrogen peroxide at uo°c and 5o°c
using 1 Vol.Hy0p (Area shrinkage of untreated wool = LO%).

Cuﬂoh « 5H50 . .
yoc 50°¢C
consumption pH .

. 1h. . 1h.
g/100g.wool e " ih -
0 L L6 50 62 60
8 L2 L5 Ll L8
0.15 L Lo - 38 38
8 38 55 36 39
10 14 8 1k
0.30 8 6 6 L L
10 16 10 19

0.75 8 6 - 6
I 14 20 20 22
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This may be due to increased attack of peroxide on whole
material and not only on the surface. On the other hand, treatment
of wool with cusou only, do not change the area shrinkage.

-In general, wool samples which has consumed 0.3g cuwh-5§20
and then treated with 1 vol. H 0, at pH8, showed improvement in
their antishrink properties. This can be explained by the effective
role of copper in restricting the peroxide oxidation to eertain
points on the scales becsuse of marginal absorbance of Cu on
these points. Thus the gradual incressing effect of copper sulphate
consumption related to area shrinkage could be put in the order
0.3 0.75 0.15, It is worthy to mention that increased amounts
of copper salts highly affected the white colour of wool ,probably
due to the precipitation of CuS8 on the surface and inside the
Tiber .

The samplem were subjected to an acid treatment with 3g/L.
1.2303 in n.‘,aou for 15 minutes at 30°C to remove the greenish-

brown colour and the residual 0, from the wool.

el roperties:

Prom table (2) we carified the influence of these antifelt
treatments on the dyeing properties of wool. It has been found
that these treatments ;ncrenod to some extent the wool affinity
and exhausion towords the different classes of dyestuffs, with
the same levelling effect.

It gave relatively dull shades compared with those of
untreated wool, it increased washing fastness of acid dyes,
due to an ion effect which increase the dye-fixation on wool.

The influence of the antifelt treatments on chemical

constitution shows that suljhure and cystine contents decreased

due to the oxidation reaction at the optimum econditions table(3).
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Table (3)

Amino acid characteristics and solubility of treated wool

0.C
Treatment & 0,/100 Cystine Tyrosin Typto-K% 8% Solubility
phan %
g.wo0l % % % Alka. U.B.*
line
Untreated o] 12.30 4.10 0.72 16.40 3,80 14.30 41,80

(0.1g.cusoh.5uao 0.8 12.00 L4.00 0.67 16.30 3.47 21.40 48.10
1 Vol. Hy0,)% h.

(0.6g.Cus0, .5H,0 k.2 8.80 3.60 0.62 15.40 3,20 23.20 56.70
2 Vol. H,0,)2h.

(0.73.Cu30h-5320 3.7 9.00 3.60 0.63 14.50 3.30 20,40 £3,
2 Vol, 1202) 1h.
(o.7g.Cusoh. 5H,0 = 7.80 2.40 0.42 - 3.12 20.40 53.7C

2 Vol. H,0,)3h

)
UsB. = Urea = bisulphite

A bleaching operation using 2 wol. 3202 for 2 hrs., gave the

same level of sulphure and cystine contents. This confirm the

idea that copper acts as a catalyst for oxidation., Nitrogen
contents of wool slightly decrease by the treatment indicating
that thie operation is not hrmful to dipeptide and free améno
groups . The decrezsse in the gulphure and cystine contents is
reflected on the solubility of wool in alkalil and urea-bisulphite
solution. This may also confirm the breaskdown of. the cystine bonds
leading to formation of other sulphure cont.iring amino acids as

a result of oxidation.
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Table (L)

Tensile strength, elongation and count number.

r.s.' RBlongation% Count Number

Sample = -
wr Wwp wr wp wr wp
Untreated 21.1  14.2  2/40.6 2/39.9 26  2/32.9
Treated Cusoh.HZO2 20.7 13.8 2/41.4 2/Lb5.2 26.2 2/32.7
Bleaching treatment 20.9 14.0 2/L1s1 2/t = -
with H,0,
Treated CuS9).Hy0p
and bleached 19.9  14.0 2/L8.6 2/41.9 - -
Copper swlphate
only 21.0  14.2 2/L0.8 2/L40.1 = -

.
Wp = Warp

*

Wf = Weft

.

T.S.= Tensile strength. K. gm/meter.

Count Number : (metric) = length of ysrn in meter/weight in gm.

Typosine and tryptophan contents of treated wool showed
less effect as compared with the bleached one.

Table (4) shows that mechanical properties such as tensile
strength, count number, elongation increased in both weft and

wrap direction. Microscopic investigation of treated wool shows
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that the wool scales had lost tfltir serrated edges, aleoc its
abragion and Pilling resistance had impreved, coz;er ions improved
bacteria and moth=proofing properties. Also tre handle and coleur

of the treated wool was mt greatly effected .

REFRRENCES

1. P. Alexander, R.F. Hudsea and C. Burland, "Weol, its chemistry
and physics ™ 2nd Bdit.,Chapman and Null Ltd.,London,Ch.8,
281 ( 1963 ).
2. C.L.Bird," The theory and practice of wool deying®3rd. Bd.,
Dean house, Piccadilly, Bradford, Yorkshire, ( 1965 ).
3. P. Alexander, D. Carter and C. Burland, J. 80c. Dye. ©ol.,67,
23, ( 1951 ).
L. P. Gunliffe, J.L.Sharp and F.Ashworth, British patent 614,966,
( 1948 ).
5+ A.Eantouch and P. Peter, Text. Mfr., 91, 298,(1965);Prec.3rd.
Inter. Wool Text. Res. Conf., Paris(1965)8ee.111; Kolor,
Brt., 8, 302 ( 1966 ).
6. N.A. Andrews, J. Biol. Ohem., 102, 253, ( 1933 ).
7+ DeRoGraham and K.W. Statham, Text. Res.J.,30,151 ( 1960 ).
8. G.R&t{lohka. Melliand Textilber, 42, 818 ( 1961 ).
9+ T.R.Morhee, Text.Res. J.,35, 382 ( 1965 ).
10. A:I.Vogel, "Quantitive inorggnic analysis,Theory and practice"”
Longmans, Green and Co., Lenden, 418 ( 1948 )e
11. Ditto, 354 ( 1948 ).



12.

13.

1‘4-

15.
16,

17«

18.

22,
23.
24.
25.
26.

27.

27

J.H. Dusenburg, J.Text. Instituted, 51, T 758 ( 1960 ).

L.Leuvean, M.Caillet and N. Demonanart, Bull.Inst.Text.France,

90, 7, ( 1960 ).
Jn'ovﬂmr. W. A. Bullen, S. Vankcko and R.C. Bmﬂ11. A.Ml-ﬂl.l.,

25, 1528 ( 1953 ) .
G.F. Bmith, Anal. Chem. Acta, 8, 397 ( 1953 ).

G. Blankeberg and H. Zahn, Textil-praxis, 16, 228 ( 1961 ).

Je He Wbm' Text. Res. Jey 31, 735 ( 1”1 ); Je !.xtlrnltt|51.
T 1226 ( 1960 ).

K. Sinoharn. J«Blo. Gl.l-.‘|09. 665 ( 1935 )O

Technical Information, B.A.S.FP. Nov.(1969) Tx. 139 e.
ASTM Designation, D 1682= 59 T (1962).

Ditto, B 1907 = 61 T (1962).

Ditte, D 1422 = 59 T (1962).

Draft proposal for IS0 recommendation. (B.S. 2684).(1961).
I.8.0. recommendation R. 105, Part IT,(B.8.1006) ( 1961).
Ditto, Part 18, (B.S. 2677 ) ( 1961 ).

Draft proposal for ISD ﬁécommendgtion.

I.8.0. Recommendation R 105, Part 16, ( B.S. 2675 ) (1961).



29

SPECIFIC ADDITIVES FOR EXTENDING
THE THICKENING TIME OF THE CEMENT USED IN
OIL CASINGS

A.F.Roomaya ', I.KE. Al-Haddad and A.K. Wahid

ABSTRACT

4 tracer technique was employed for studying the efficiency
of mixing quebracho extract“ solution with cement. Neutron
irradiation samples of sodium acetate were used in the first experi-
ment and of sodium oxalate in the second. It was found that the‘
jrradiated anhydrous sodium acetate absorbs moisture and the salt
adhered to the irradiated container and_was removed with difficulty.
However, the use of sodium oxalate tagged with Na-24 as an indicator
was a success. When the solution was allowed to mix with cement
clinker (0.1-0.2%) the rate of change of activity varied by 1.5 to

12% Background contributions were negligible.

INTRODUCTION

Radioisétopes are ideal tools for studying mixing uniform-
ities of liquids, colloids,slﬁrries, gases, and dry solids. A
small amount of a radioactive tracer can be added to bath of
material and attainment of a uniform count rate in repeat saﬁple%

indicates uniform mixing.

The use of a gamma-emitting tracer, with a count rate meter
and a strip-chart recorded permits following the course of the

mixing process without the necessity for sampled analysis.

Quebracho extract is a fine red power made from water extract
of the bark of a South American tree. It contains alkaloids
and considerable quantity of tannin.
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A detector may be placed external to the mixer or may
even be dipped in the fluid can provide a continuous measurement
of the mixing process. If samples are taken, they can readily be
analysed with a standard well counter. Hull et. al [1] described
a mixing experiment with oil using Zr-95 as a tracer and King [2]
determined the efficiency of mixing in an alkylation process

using Rb-86.

]}1 this paper a mxing ‘study of a cenent (11qu1d and solid
phases) was carried out using a solution tagged with Na-24, A
sodium iodide scintillation detector was installed externally and
connected to a rate meter and recorder. The record of activity
versus time demonstrated the degree of uniformity of the mixing

process.

EXPERIMENTAL

As a preliminary experiment, one gram of Quebracho was
introduced into a polyethlene vial and enclosed in an Al-container.
The container was neutron irradiated inside the central vertical
channel of the reactor for ten minutes at a Tlux.of 1.5 x 1013n/
cma/sec. The sample was left to cool for nearly 24 hours. By
the end of this period the activity due to Na-24 was measured and
found to be insufficient for using quebrache extract itself as a
tracer. Therefore, anhydrous sodium acetate (3.0g) was irradiated
at a flux of 1.5 x 1043 n/cmg/sec for ten minutes. The clinker
feed was found by the end of the experiment to be very humpy and

this resulted in a non-uniform flow rate.

The experiment was repeated using sodium oxalate as a
labelling compound; (4.0g) of this substance was irradiated in
the same manner described earlier for ten minutes at the same flux
and the resulting activity of Na-ea;iiarly 50 mCi soon after the

sample was taken from the reactor.
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After irrsdiation the Al-codntainer was placed in lead
shielding and transferred to the cement plant where the experiment
was performed. The sample was poured into the dissolving tank of
the Quebracho extract and mixed thouroughly. The liquid was
allowed to flow into the cement clinker which was fed at a rate of
11 tons/hour; the asctivity was monitered by an electromic arrange-

ment shown schematically im Fig.(1,)

The background activity was minimized by aerronnding_th. .
detector sides with lead shielding. Forced vemtillatiem was “
used in order to keep the detecter werking at mermal temperaturs.
Table(1)5ives the relevant experimemtal comditiems fer each

experiment.
RESULTS AND DISCUSSION

The results obtained from the first and second experiments
are listed in tables (2) and (3) respectively. The count rate of
sodlum acetate mixed wlth Quebrache golutioms is listed in Table
2 for 21 samples. The background was 1600 counts/mir. The count
rate from sodium exalate mixed with Quebrache selutiom is listed
in Table(a} The background cemtributiom was 900 eeunts/min. It
is clear frem this data that umiform mixing has been achieved during
the second run. While the mixing was mem-umiferm in the first

Inspection of Fig. 2 shows that the spread around the mean
was from 1.5% to 12%. Allewing fer imheremt fluctuatiems due to
couqting statistics as well as the decay of Na-24, the results
indicate that the mixing was satisfactory during the experimeat

under these conditions.

The sodium oxalate was added to the Quebracho extract tank
(170 litres of solution, two parts of Quebracho to 5 parts of
water) at 1%:00 hours. The Quebracho extract solution was fed
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FLOW SHEET FOR CEMENT MIXING WITH
QUEBRACHO SOLUTION




TABLE

1

Quantity 24-Na Irradiation
Eype of comp, used | Flow rate| , itivity time
First Sodium acetate 2.0 gm Humpy 30 Ci 10 minutes
experiment anhydrous
Uecond Sodium oxalate 4.0 gnm Uniform 50 G1 10 minutes

experiment

133
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TABLE 2

Count/min.

35000
29500
30900
29000
29000
35500
14,0000
35500
34200
40100
L0600
34200
141900
47900
L6600
L6800
71100
67800
56600
44800
30500

tm
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TABLE
Time (Hours) Counts/min
13.16 1000
13431 1100
13.38 3050
13.46 12000
13.53 43000
13.56 51000
14,06 8,000
14.26 120000
14450 2250000
14,58 230000
15.06 230000
15.10 228000
15.15 235000
15.18 230000
15421 230000
15.27 235000
15.33 233000
16.00 235000
16,05 235000
16.11 235000
16,16 150000
16424 100000

16.27 60000
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into the clinker at 1%:10 hours, but the Na-24 did not reach

the clinker until 13 20-hours and at 1%.31 hours the radio-
activity reached the Nal detector at the screw conveyor, showing
a ball mill residence time of 11 minutes. A steady state of
radioactivity was reached in 87 minutes (14:58 hours) as shown
in Fig.(?}. There was 6-7 tons of cement in the ball mill. For
38 minutes after tyf steady state was reached (14:58) to 15:36
hours) the fluctuations (decay corrected) were about 1.5% and
this continuwed to the remaining time (at about 16:10 hours). The

maximum deviation from the mean Jecay corrected) was 12%.

The radioactive decay from 14.58 to 16:10 hours was about
5.4% of the radioactivity at 14.58 hours. Background varied
from 955 cpm at 13:00 hours to 1153 cpm at 11:53 hours before

the radioactivity reached the detector.

The activities required for a flow experiment with external
recording depend on a number of factors such as the self-
absorption of the radiation in the labelled material, the solid
engle covered and the detection efficiency of the system. The
spread from uniformity that has been observed may be due to such

factors as well as counting statistics.

REFERENCES
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PHYSICAL PROSPERTY GUIDE
FOR ROCKS FROM IRAQ

M. Maahkour‘ and M. Berifkani‘

ABSTRACT

The properties of rocks of which most use is made in geophysical
prospecting are density, magnetic susceptibility, electrical resis-
tivity, compressional semismic velocity and to a less extent shear

seismic velocity.

The present reference guide which is the first of its kind is
intended to determine physical properties of rocks from Iraq. -Lab-
oratory measurements were conducted on cores o; various sizes
drilled from samples belongs to 27 types of rock, mainly limestones
and marbles. Total of 200 cores were prbpaggd and used in the

various physical tests.

INTRODUCTION

It is necessary to have some knowledge of the phycisal properties
of rocks for estimating the strength of geophysical indications that
different geological features, rock masses ore bodies etc. can yield,
as well as for assessing in advance whether and if no within what
limits, a projected geophysical survey in an area is likely, to serve
its purpose. The physical properties of naturally occurring rocks
and minerals vary within wide limits and for the purpoée of any

Department of Geolegy, College of Science, Al—Mustanairiyah
University, Baghdad, IRAQ.

Al-Mustensiriyah Journal of Science, Vol. 5, No. 1 (1980).
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particular survey, they should be determined as far as possible
on a large number of rock samples from the relevant area. The
present reference guide is not intended to be a substitute for sush

determinations.

The properties are also highly dependent on such factors as
temperature and pressure, but this aspect is not considered here.
The values mentioned are for room temperature ane atmospheric pres-
sure, but in some work it may be necessary to supplement them by a
knowledge of‘fhe effect of temperature (e.g. in permafrost regions)
or by a knowz;dge of the effect of pressure (e.g. in deep-well
logging).

The properties of rocks are highly dependent on various factors
guch as texture (e.g. grain size, schistosity, bandedness etec.),
properties of the minerals constituting the rock and their mode of
distribution, the volume of pore space and the tortuosily of that
space and the amount, the physical proportions and the state of the
water in the pores. Consequently, even when samples of rocks come
from the same petrographic and geologic unit their properties may
vary considerably. Many (Laws) or mathmatical expressions descri-
bing the dependence of the physical properties of rocks and minerals
on one or more of the above mentioned factors have been suggested.
Some of these (e.g. that for density) can be deduced from theoretical
considerations but usually it is necessary to base them on empirical
material. In the latter case an expression derived from measurements
in samples in one area or for rocks of one geological age may not be

valied for samples in another area or for rocks of some other age.
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Physical properties of rocks (Definitioms,
Units, Variations and geophysical implications)

Density: A measure of poﬁderability (heaviness) of a body, being
mass per unit volume. Expressed usually as gramme per cubic

centimetre, denoted by the greek letter (U ) (Sigma).

The gravitational attraction of a homogeneous body is directly
proportional to the difference between its density and the density

of the surrounding rock.

The density of sedimentary (and some igneous) rocks correlate in
a general sort of way with the geologic age. Older rocks usually

have a greater density than younger ones, west [1]-

Most rocks, especially sedimentary ones but also many igneous
rocks, have appreciable porosity and their density in situ
depends on the extent to which the pores are filled with water,
It is therefore advisable to determine a dry and a saturation
density of a sample to obtain the possible limiting densities

in situ.

Magnetic Susceptibility: Magnetic susceptibility is, like

density, a physical property of the materials in bulk. Suscep-
tibility may be described as the ability of a materials to take

an induced magnetism, that is, to become temporarily magnetized
when placed in an external magnetic field. For a homogeneous
isotropic body the ratio of the induced intensity of magnetization
to the external magnetizing force inducing it, denoted by the
greek letter ()<; Kappa). Although ( )(_ ) is a dimensionless
number, its magnitude depends on whether the intensity of magne-

tization and the causetive force are measured in the same units
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or not. The former is the case for the Systeme Internationale
(BI) the latter for the electromagnetic centimetre - gramme -
second (e.m.c.g.s) system in which the intensity of magnetization
is meesured in obsolute ampere per centimeter but the external
megnetising force in units of (:4-;—‘. absolute ampere per centi-
meter). The absolute ampere is equal to 10 (ordinary) ampere.

Consequently, the magnitude of (K) expressed in (SI) is
(49% ) times that expressed in e.m.c.g.s system. Converesly
the magnitude of ( K ) expressed in e.m.c.g.s. is (%l- ) times
that expressed in (8I). Most earth materials have poaiti;e (K),
these are kmown as pars magnetic, few substances such as salt
snd Anhydrite, have negative (K__ ) and are described as dia-
magnetic.

The low-field magnetic susceptibility of rocks depends almost
entirely upon their content of magnetite, titanomagnetite, ilmenite
and pyrehotite, ilmenite and pyrehotite, but rocks can have sms;ll
but appreciable positive or negative susceptibilities even without
these minerals. The (’K’) of pure magnetite is a fairly definite,
so that a relation between the (X_) of a rock sample and its
magnetite content can be experimentally determined. An expression
derived by Balslely and Buddington [2) from measurements on
the metamorphic samples from the Adirondack area (U.S.A.) may be
written as

K_ = 0.0326 3\/ﬁ (BI) e -aassin ()

Where (V) is the volume percent 1'0304.

Mooney and Bleifuss [37] have derived the following relation
for 10304 content up to 20 percent

K- 0.0361 v 1+91 (BD) cocasisonsnasld)

w
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Such formulas seem to give the susceptibility of magnetite-
bearing rocks to within a factor of 2-5 for small magnetite
contents snd within some 10-20 percent for high magnetite

contents.

Electric resistivity:- For homogeneous, isotropie bedy carrying
an electric current, the retio of the electric intensity (Voltage
per unit distance) at any point within the body to the current
across area perperdicular to the electric intensity) at that
point is the electric resistivity. Expressed usually as ohm - m,
or.f?.m (that is ohm times metre), and denoted by the greek
letter (/O ) (rho). The electric resistivity is the ome of the
most variable of all the physical properties of rocks. The
vériations can be primarily classed in three categories: (1) the
scatter of observations on one and the same sample. (2) the
variations among samples of the same rock type and (3) the
variations among different rock types. These variations overlap
to a considerable degree and often make it difficult to assign
registivity values or even ranges of values to single samples
and rock types.

The causes of varisbility are numerous. The conductivities
and the mode of distribution of the minerals in a rock sample
have a dominating effect on the resistivity is also affected by
the grain size. The coarser the grain size in a rock the higher
is the resistivity, other things being equal.

The resistivity (‘f) ) of porous water-bearing rocks (free
of clay minerals) follows Archies Law, Killer and Frischkmecht

P ™ £ s B sk, 10
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Where ( o) is the resistivity of the water filling the pores,
(£) is the porosity (volume fraction pores), (8) is the fraction
of pore space filled by the water and (n), (m) are certain para-
meters. The value of (n) is usually close to (2.0) if more than
about 30 % pore space is water-filled but can be much greater for

lesser water contents.

The value of (m) depends upon the degree of cementation or,
as this is often well correlated with geologic age, upon the
geologic age of the rock. It varies from about 1.3 for Loose,
Tertiary sediments to about 1.95 for well cemented paleozo?c ones,
but can be outside this range for individual formations. Compact
cretaceous and jurrasic sandstone often have (m) close to or

slightly exceeding (2.0).

Highly porous rocks have an m-value of the same order as

loose to moderately cemented sediments.

Layered rocks such as shales, gneisses, phyllites etc. and
banded rocks often exhibits amisotropy of resistivity. The
resistivity parallel to the layers is less than that perpemdicular

to the layers.

The electric resistivity of rocks has been very thoroughly

treated by Park homenke [K]

Beismic compreseional and shear wave velocities:- Distance
travered by compressional waves deonted as (P) or shear waves
denoted as (8) in unit time. Expressed in (8I) as metre per
second (m/s).

During passage of a compressional wave each particle of
the medium oscillates parallel to the direction of propagation

of the wave. BShear waves, in which the particles Oscillate
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perperdicular to the direction of propagation, are Seldom

availd of in applied semismology.

The energy of an explosive underground shot goes predo-
minantly in compressional waves. The partition of energy of
compressional waves, incident on an interface between two media,
into a reflected and a refracted part is governed by the differ-
ence in the acoustic impedences of the media. The compressional
acoustic impedence (expressed in (8I) as Kilogramme per sq. metre
per second) of a medium is the product of the longitudinal
velocity and the density of the medium is the product of the
longitudinal velocity and the density of the medium.

Although variations of seismic velocities within and between
different rock types show a certain overlap it is found that in
restricted areas, different geological formations and rock types
often have characteristic seismic velocities. This is particularly
true of sedimentary formations, in which the velocity appears
furthermore to be correlated with the depth of burial and geologic

age.

According to Faust [o_, , the velocity of compressional

waves in shales and sands can be described by the relation

6
Vo 465 Y2 WE eeeeeeees (8
where (Z) is the depth in metres and (T) is the age in millions
of years.
Methods of ~~boratory Measurements
~amples
Meaningful determinat: ‘" the physical properties of

samples of rocks that describes the relevant property can only
be made on homogeneous or quasi-homogeneous samples. A quasi-

homogeneous sample is one in which the inhomogenities are more
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or less randomly distributed and size of which is large compared

to the size of the largest inhomogeneity: If the inhomogenities

are systematically distributed (e.g. parallel layers of differing

composition), meaningful determinations of the magnetic, electric

and seismic properties cam still be made on many samples. How-

ever, they do not lead to a single parameter value but to a set

of up to eix values unique to the particular sample. This set

(reducible? to three or, in some cases, two) ie called the tensor

of the sample.

Although the collected surface rock block samples (see

Fig. 1) quesi-homogeneous, but tests were made on cores drilled

from three direction of each block (See Fig. 2) so that every

*inhomogencity will be represented in the test and hence a better

representative physical property value (for the particular rock

type) will be obtained.

Great variety of methods of measuring the physical proper-

ties of rock samples exist, some of which are highly elaborate.

The methods described here are of the simpler type and chosen

so that the desired measurements can be made with a minimum of

apparatus.
T Densgity - The clamic method of determination was applied.

This involves the measurement of weight (w) and volume (v)
of a rock piece, A rock core of (%" Dia. by 1" length) was
weighted by a very sensitive balance read to the hundredths
of the grames. The volume was measured by totally immersing
the rock core in a finely graduated cylinder. The volume

of the rock core will be the equivalent volume of the

displaced water in the cylinder.

e

e

e
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FIG-2 , PHOTOGRAPH OF THE DRILLED ROCK CORES.

~
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Two types of densities were measured. The dry and
wet (section 2). For the dry density, the rock core was
dryed in the oven at 105° for 24 hours. While in the ~
saturated density measurements the saturation was made in
the water .for 24 hours, one test for each density was made.

Results of the test are given in table.

Magnetic Susceptibility :- Two laboratory methods were tried.
Piretly the MB-3 magnetic susceptibility bfidge. Esf; the
readings depends on the d;rference in the tone before and
after inserting the tested specimen in the bridge. 1" dia by
4" length cores were used. Since most of the tested rock of

a very low in magnetic susceptibility hence it was found

 hardly to detect any difference in the tone and therefore any

III.

readings. For that another magnetic susceptibility equipment
was used. i.e. the Kappameter here the reading can be noted
by any deflection in the needle when the rocks are tested.
Measurements were made on the rock blocks themselves. Some of
40-15 readings were taken. The values in (SI) was then
converted to e.m.c.g.s system (see sect. 2). Some of the
tested rocks have given very low value of magnetic suscepti-

bility other not. For regults see the table.

Electric resistivity - In one commonly used arrangement a |
gample in the form of a rectangular prism or a driil core
with flat ende is clamped between two metal plates connected_'
to a current source. Let (D anpere-be the current p:zssing
through the circuit and (A V) the voltage across the probes
placed on the salﬁle,.alons a line perpendicular to the end
faces thfough which the current enters and leaves the saiple

Then the resistivity ii given by

P - .8 SR

I L.




Table of Physical Properties of rocks frem Iraq

Dry Densi Y Saturated Magnetic Electrical Cempressienal Shear

Fe. Reck Hame Formatien (T )em/ clg density susceptibility resistivity wave velecity wave
(T )gm/cm3 ()c.g.s. (wetted rock) (Vp) m/sec. veled ty
( ).
l. Sandstene Rutba 2.518 2.523 0 142.24 6785 4523
2, Limestene Mullussa 2.520 2,T20 0 2,928 ATT3 3068
3. Sandstene Gaara 2.296 - 0 - ie =
4, Limestene Dammam 2.430 20525 0 13.45-20.5 3294 2812
5. Limestene Um-El- 2. 406 2,496 0 5.97=14,43 5016 3173
Radhuma
6. Limesteme Tayrat 2.487 2.578 0 10,338 2160 1912
Te Limesteme M'sad 2,027 2,305 0 1,01 3446 2278
8. Marly Shiranisk 2,519 2,606 (6-27)x lo'6 16.44-28.5 5258 2867
Limestene

9. Limeatene Shiranish 2.367 2,525 0 2.34 5403 3396

\
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Dry Saturated Magnetic Electrical Compressionel . Shear
Density Density Susceptibility Resistivity Wave velocity wave

No. Rock Name Formation
e/’ @en/cn’  ()c.g-s. THETEg0 To0k)  {%n).m/eec. tyaimfac
10, Limestone Sinjar 2,615 2,605 0 91.4.507.5 3770 2436
1l1. Limestone Jadala 2. 208 24367 0 l.22w2433 4038 2558
12. Limes tone Serikagni  2.410 26547 0 '3.5=5.0 4720 2836
13. Limestone Jeribe 2.624 2.650 (0—15)x10_6 118.9 5813 3543
14. Gypeum Upper 2.508 3.120 Negetive 376.4-683.3 2830 1934
fars Value (just
below zero)
15. Sandstone Gercus 2,208 2.410 (3-21)x107 2,12 - -
16. Limestone  Lower 20442 2.526 (5-10)x10"%  9.9-16.7 4285 2369
Fars
17. Limestone Pilaspi 2.578 2+ TOT 0 3.43 4830 3180
18. Sandstone  Upper 2 - (30-120)x10° % x -
Fars
19. Dolomitized Pilaspi  2.700 2,708 (0-3)x10"% 56843 6038 3394
Limestene



Dry Saturated Magnetic Electrical Compressional Shear
Density Density susceptibility Resistivity Wave velocity wave
No. Rock Name Formation
x, 3 (Wetted rock) (Vp) m/sec velocity
(“’)wcm (U-)gn/cm (')Qc.g.s. ( P )-nm. (Vs )m/sec

20. Perish Penjwin 2.677 2,690  (0-10)x10"° 141.7 5770 3753
Marble group

21, CGallala Walsh 2.730 2739  (3-9)x107° 1454, 42 6508 3518
marble

22. Rayat Naepurdan 2,768 24769 0 Y 0.51x10% 6388 3549
marble

23, Kani Kwish Penjwin 2,760 2.764  (18-82)x10"% > o0.46x10% 6085 3054
gray marble group

24, Kani Kwish Penjwin 2.726 2,729 (1.5-15)x19~6 Y 0.34x104 6632 3714
gray marble greup

25. Qulaka Penjwin 2.653 2.657  (0-2T)x10~6 522.5 5323 2907
marble group

26. Merga-Seed Penjwin 20444 2,446  (0-4.5)x10™° 2289,5 666 3668
Marble - group

27. Qarachmach Penjwin 2.686 2693  (9-39)x10~° D 0.417x10~% 6536 3856
marble group

es
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‘where (8) the area (mz) of the end faces and (L) metre is

the distance between the probes. The distance (L) must be

large in comparison to the inhomogeneities in the sample.

In the experiment the core resistivity apparatus

utilizes the two electrode method described above was used.

Core samples lengths at least four times the diameters
(X" Dia. by 3Zp" lengyh) were used, the ends faces were made
smoothed, flat, and parallel to insure good contact with the

electrodes.

The cores were saturated by plating in salt solution of
unknown concentration for 24 hours. The cores then screwed
between platens, which are themselves covered by saturated
chamois, The value of resistance ( éétx ) in the equation (5)
was read directly from the ingtruments. Three cores for each

type of rock were tested. Test results are given in the table.

Compressional and Shear Wave Velocities:- Laboratory determin-
ations of the velocity of sound in rock samples are usually
carried out on drillcores. It may be thought that the same
determination could be easily carried out by striking a hammer
blow at one end of the core and measuring the time that the
impulse takes to appear at the far end. However, there are
geveral difficulties in the experiment. Even in cores of some
length (say 25-50 cm) the travel time is only some tens of
microseconds. The sensing device at the far end must maké an
intimate contact with the sample as the time delay introduced
by a poor contact can be of the same order of magnitude as the
travel time along the core.
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The instant of blow must be accurately defined. In samples of
loose material (clay, sand, moraine etc.) the absorption of elastic
energy is appreciable and the impulse arriving at the sensing device
may be too weak to be determined. For these reasons the apparently
gimple method above is often not accurate or even feasible. The
proper determination of the velocity of sound in rock samples requires
more refined apparatus. Therefore seismic analyzer which provides
direct digital readout of ultrasonic delay times between (0) and 999.9
micro seconds with a resolution of 0.10 micro seconds was used. Both
compression and shear wave delay time (velocity) measurement can be

made with this equipment. The equipment is fitted with two pairs of

dual-mode combinstion compressional (P) and shear (8) waves transducers,

operating at 300 KHz and 1 MEz. Throughout the work, the 300 Ehz was
used both as exciters and receivers for (P) & (8) seismic waves

velocity measurements.

The wave velocity is not determined directly but is calculated
from the time taken by a pulse to travel a measured distance. Ehis
ultra sonic pulse is obtained by applying a rapid change of potential
_from a transmitter exciter to a piezoelectric crystal transduced

emitting vibrations at its fundemental frequency.

With the equipment used in our experiment the original signal

from the receiver is displaced on oscilloscope screen.

In using the ultrasonic material tester, there are some factor

which govern the accuracy of the measurements. There are as following:

A) The effect of Specimen and condition - Although the specimen
does not need to be regular in shape, but it must have prefectly

parallel ends.

fs
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B) Coupling of the transducers to the specimen - In order to
facilitate good contact between transducers and the rock

specimens, ordinary grease must be used as a coupling agent.
This allowed sufficient energy to be transmitted through the

specimen.

c) Effect of the pressure on the couplant efficiency - An improved
gignal cen be obtain by applying a certain amount of hand

pressure on the transducers.

In the experiment, three cores . 1%" dia by 4" length were
drilled from the three direction of the blocks. Ends were machinesd
flats and made parallel. Two types of couplent oils were used. For
compressional wave velocity, the ordinary vaselline was quite suf-
ficient for transmitting the P-wave, but this 0il was not sufficient
for shear S-wave, since S-wave is retarded comnsiderably through air.

A better cementing couplant, of the sample to the transducers was
made by using the extremely SBEL viscons grease. It is high competent
and does not decrease the energy of shear waves. The results of the

test are given in the table.

Conclusions

The presented table of the physical properties of rock from
Iraq is the first of its kind and can be part of a series te cover
all rock types and rock formations in the country. Certain facts
have emerged from the experimental part of this article. These are

outlined here:-

T Por determination of the saturated demsities, it is suggested
that samples should be saturated under vacum to insure full

saturation.
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Fer determing the high and lew magnetic susceptibility recks,
beth in the laberatory as well as in the field, the Kappa~
meter found to be a valuable teel, due to its sensitivity,
and applicability.

Observation ef the electrical resistivity results, abeve that
there were variatien among (A) samples ef different reck types,
end (B) samples of the same reck (quasi-hemegeneeus) types.
For the last, the range of reading was taken for a particular
type of reck (ex-gypsum). Fer dense hard recks, the ruu‘lta

of tests on three samples were almest identical and hence

average was taken, (ex-galala marble).

The securacy of measurements ef P- and S-wave velocities
depends primarily en the quality of the received signal, the
best pessible signal should be ebtained for each sample, This
invelves insuring that proper alignment ef transducers, ceupl-
ing, samples surface smeothness and parallelism is ebtained.
In some cases it may be necessary te reduce the length te
achieve a geed quality signal, whenever pessible sample dia-

meter should not be less than transducer diameter.

In samples of Leose material (e.g. cearse grained
friable Gercus sandstone, the absorptien of the elastic emergy
ies appreciable and the impulse arriving at the sensing device
(Oscillescepe) was teo weak te be detected & hence ne results

of P & S wave velocities were ebtained.

It was feund quite difficult to drill cores from the incompet-

ent friable rock like Gaars Sandstone and Upper Fars Sandstene,



this was either due to their great Friability, alse due using
water as coolant drilling agent. It may be possible to drill
core from them by using'pumped air system instead of water,
that was not available with the heavy duty coring machine
available in our laboratory. Therefore no result of P, S,

‘results ﬁas made for them.
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THE LEAST SQUARE RSTIMATES AND THE
FROBLEM OF MISSING VALUES IN THE LIREAR
MODELS

A. 8. Rl-Aloosy and A.M. Haider'

ABSTRACT

Where as the statistical theory of parameter estimation in
linear models is almost completely developed, the problea of using
incomplete data for such estimates has not yet been solved success-
fully., Hewever, some statistican suggested the use of predietion of’
the missing date to complete the incomplets available data. This
completed data in another round to be used in eatintipz the para=
meters required. In this paper we proved that, in linear models
using the Least Square method, and the completed datea does not give
better estimates. In fact using completed data or incomplete data

lead to the same estimates.

Mathematical Development of the Theory:-
> -
Let Y=Xeo +-€ (2.1)

5 ==
to represent the general linear model we use, where: Y , is a
random vector of order x x 1, and 1}\ is a constant matrix of order
nxp, m'S is a vector of parameters to be estimated of order p X 1.

also, we have:

->
lY-i?, where
IZ-? a null vector of order n x 1 , and

> Department of statistics, Al-Mustansiriyah University, Baghdad -
L TREQE i L e T e e el e e e i

Al-Mustansiriyah Journal of Science, Vol. 5, No. 1 (1980)
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+
Cov -‘f = Cov € = z » 18 a positive definite
A

matrix of rank n. We assume:

T

3 i
? = '§ > s Where ?1 . ?2 are subvecters of-; ’
2

of orders k x 1 and n-k x 1 respectively and:
>
Cov Y, = Z is a pesitive definite matrix of

S b §
rank k, and

>
Cov Yz = Z is a pesitive definite matrix of
i A~ 22

rank n - k, and we assume:
zn %12
Z , Where 212 - fal are mull
o 2
matrices of erders k x (n-k) and (m-k)x k respectively. Alse,
we define t\xl » ,}\(2 as twe constant matrices of order k x p and

(n - k) x p respectively, and

~ ~ N hY
X = (X 12) y» where X means transpese of I.
~ N ~ A A

Thus (2,1) may be written as:

o >
* BN €
? > = X e + E (2. 2)

2 Al 2

> !

If we assume Yl to be the missed data, then we can write:
> >
Y, = X, 6 + Z (2.3)
A 2

using generalized least square method, we obtainm

i
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o
_5=(x\2 x)"lx\z —1’2

Xo ‘Tl X352 (2:4)

-1 =1 -1
5\2222 I =2 > I-x ;11 I, (2.5)

1\2 A A ~ A

Using (2.4) , (2,5) and applying lemma 1 in the appendix; It is
easily seen that (2.4) can be written as follows:(*)

A =1 =1 -1 =1
LY =1 ~ ~ -l
3 - x Z - Z (X)) ¢ Zn 5na 2 x) }
LY -1
x T) (2.6)
n2 Zza =

Where:

gefr-2 g w2, P oagt
A ;50 | R ~

il

A =1 «1 =1
gy -1 N J 3 -1]
- £" (E E E) ;:E +X, C Z I (x Z {) times

N =1 >
( Y )' (207)
A2 Zzz o
A
% ;
Therefore: the predicted missing values Yl can be expressed as:
4 A
Y= fl 3 (2.8)
=1 -1 -1
. N -1 =1
= X. (X X Z
I, Z x) [}~+§'12A11 }ﬁ{Z X) ] times
" -1
X Y.
(A2 = )

¥ See the appen&ix <
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-1 -1 =1
=T N\ LY
= [Z 9\ +§1 (X E X) fl] E Z: I times

11 AT ~qr s
=)o -1 5
N A .
X E b ¢ X Y 2.9)
(h x A) A2 Zza 2 (2.

Hence, By using (2.6), (2.9) we obtain:

5e '1 \ \ S

o DI [;\- > L& Z T ;1] $LE 2N vnes
¢ Z;lx * 2 A-l {)-1 1) A;: ?2 (2.10)

However, if we write:

= y; A A

> s
'§ , then: the estimates © using Y are:
2

> =1 -1 N =1 ¥
A S e S I el
~ A ~ s

A
=] *
1 -1 At Mz -

9 & = L, %

= (X p SR ¢ M
a1 22 =

o) -1 > <)
(i\z 1) (}1211 5 vEs Z ?) (2.11)
Hemce:

A

- -1 -1 -1 -1
a7 [(x\lz Z c 2 X)) times

e
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=1 =1 =1
“ L)
2% < [ Z 5
-1
» N
b &
S
=1
=1
= (X X
@2 D

-(x
A

11 P!

x ‘Z-l 07t

~

S
% Z,\zz 2

Therefor: from (2.7) and (2.12) above we comclude that

N
-)-‘ >
e =0

Purthermore; If R.S.S.
completed data, amd if R.S.S D
e

the incemplete dats only; then:

N \ 5
A s %
R.8.8 >, a Y Y -Y X e
Q A
A
. CERNBTEN s < >
8.8 > = Yz Y2 - Y2 ’{2 [*]
But since:
< A
~ ) +- ‘); =
RS.S8 > =aY Y - Y x 0
) AL A A
Eol T T e s S -
e e Sk Mo el T T
Henmce:
~ ~ S
> > >
Rss 3 -%,%, -3, x 1 O+ 0 (f % 0
By using (2.13) we can ebtain:
TR 4 W N E S
5 *
R.8.8 0"‘ 2A20+Y1 (Yl-fl e") ,
5837 2 3
ard by using (2.8), R.S.S &Y, Y, 2 }2 <}

Hence, frem (2,15) and (2.16) we cenclude that:

A A
Hemce: R.8.8 7, = R.8.8 7,
e iz

} siee

(2.12)

(2.13)

3, = Residual sum ef squares using
)

= Residual sum ef square using

(2.14)

(2.15)

(22 7)
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Conclusion:-

It has been proved that no improvement in estimates is
detected as a consequence of using to completed data over
estimates obtained from the incomplete data available.
These results are true only when using Lease Square esti-
mates in the linear models, when

incompleteness is due to a design rather due to random

effects.

However, further problems are left for further investiga-
tions. The problems are: Estimating parameters in the

linear models when other estimation procedures are to be
used beside the Legst Square method, considering missing

data due to random effects rather then due to a design.

i
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APPENDIX

LEMMA (1).

"~ AN
St a4 1
— .4 44 BCDA
~ N ~ AN AN
Wiere dTa% {1 bl et
A ~ ol A

Application of Lemma (1):-

Frem equatiens (2.4) and (2.5) we obtain

o2 T g B ] X o,

If we use in Lemma (1) ,

N
Anlad-
and
-1
D= g B
~ 11

then (2.6) ies easily obtained:
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152

DECAY SCHEME STUDIES IN Sm

L] *
B.A. Bishara®, M.A. Al-Jeboori , and K.F. Kaddoumi

ABSTRACT

152Eu8 have

The gamma-rays emitted in the decay eof
been studied by high efficiency, high-reselutien, selid-state
detectors. These measurements tegether with Ge(Li)- Ge(Li)
coincidence experiments revealed the existence ef 58 gamma

transitions in the decay of A2

Sm. The ceincidence werk
cenfirmed the existence of the new levels at 1680.C and 1701.4
keV in 1528m. The measurement ef the annihilation radiation
showed that the positren branch intensity is (0.016 # C.003)%
of the total decay. The nature ef the excited states are
discussed qualitatively and are assorted @nte the different

rotatien-vibratien bandse.

I 'NPT"RODUCTTIONRN

The onset of nuclear deformation is rather abrupt at the
beginning ef t he rare-earth regien ef defermed nuclei. The N=90

nuclei, e.ge. 52

Sm, display the lew=lying excited states charac-
teristic ef rotaticnal spectra and are censidered to be defermed.
Hewever, this nucleus is better referred te as transitienal,

since its preoperties preclude classificatien as a defermed nucleus.

g Department of Physics, College of Science, Al-Mustansiriysh
University, Baghded, IRAQ.

Al-Mustansiriyah Jeurnal of Science, Vel.l, Ne.2 (1979).
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The nuclear decay scheme of 1525n has been the subject
of several investigetions frem the decay ef the 152Eum,g
isomeric pair [1] , charged particle experiments ‘?,5] , &nd
Ceulemb excitatien experiments \4) . Several investigations
of the decay of 1523u [? - 7] have revealed several high
energy levels and severasl week gamma transitiens in the decay
of lszsm, but the reperted results shew seme differences. At
this stage, it is felt that a thereugh revisicn is needed for
a detailed investigation ef the decay eof 152Eu8. Thie has been
accomplished by using & high energy-reselution and high effi-
‘clency Ge(Li) epectremeter and extensively employing Ge(Li) =
Ge(Li) ceincidence techniques in order te make sure of the
excited states ef 1528n and estaeblish the cerrect placements of

transitiens between the different bands.

EXPERIMENTAL FROCEDURE

The lsaxug source is obtained from a commercial supplier
(Radiechemical Centre Amersham, England.) in the form of a peint
source with activity ef abeut ten micrecuries. The enly impurity
feund ie appreximately 1% of lshku which presented little
difficulty in the analysis of the spectra since its decay
features are well kno!n,[lé] .

Two lithium-drifted germanium detectors (Ortec medel 81)
are used in singles and coincidence measurements. Each detector
is true coaxisl right-angle system with activ. volume of 102.8
elj. The optimum energy resolutien of the detecter is 2.1 keV
FWHM at 1332 keV and a peak-te-Compten ratic of 41 teo 1.

[£Y
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A variety of electronics is used to ebtain the data
where all of it consiste of Ortec preamplifiers, amplifiers,
single channels, linear gates, coincidence units, snd time-to-
pulse-height cenverter (see Fig. 1). All spectra are recorded
on & 1024 channel multi-channel analyzer, (Ortec model 624LC B)
with digitizing rate ef 100 MHZ, which is connected to a
teletype and an X-Y pletter. The data ef the singles and
coincidences spectra are analyzed by hand. Lerger errors are
given to the energies and intensity measurements than would

have been if an extensive computer alysis had been performed.

REBULTS

A. Gamma Singles Spectrum
The gamma-rsy singles spectrum of the decay of 1523ua

is measured by the single channel of the system shown in Fig.l,
where the source is located at a distsnce of sbout 15 cm frem
the face of the detecter to reduce the summing effecte. To
study the details of the singles spectrum, it has been divided

into four parts, Figs. 2 to 5 show a typlcal gamma spectrum of
152

152

Eu which includes all the transitions in the decays of both

Sm and 152Gd.

The energies are determined by using a calibration set
of standard reference sources, and the well-knewn intense gamma

152Eu are alse used as internal standards. The errers

lines ef
in the energy determination are estimated to range between 0.09%
to 0.66% fer the energies belew 1 MeV, and between 0.05% teo

0.08% for the energy range 1.0 teo 1.7 MeV. Table 1 gives the
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Table 1. Energies of gamma reys (in keV) emitted

in the decay of 1528-

Present Riedinger Varnell ‘Baker
Study (rer.5) (rer.6) (rer.7)
121.9 121.77 121.8 121.78
148.3 148.0
206.0 207.4
213.0 212, 212.4
238.9 238.8
2u,.5 244,69 2u44.7 2.6
251.0 251.7 251,62

269.4
275.5 275.6 275.4 275.4
285.9 285.8
295.9 296.0 295.9 295.9
316.0
329.8 329.4 329.41
330.9
340.5
386.4 385.7
416.0 L416,.2 L16.07
u23.4 - B23.7
Ly .0 Ll .0 Lk .1 LiL .0
482.9 L82.8 ue2.7
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Sy Mt et (recoo)
L86.3 488.7 L88.L L88.16
L93.6 L93.7 L93.6 493.6
496.0" 496.3

523.2
53543
559.5 556.5
561.0
563.6 564.0 563.8 563.97
566.4 566.8 566.3 566.5
613.9 616.9
6LL.3
655.5 656.5 656.5 656.51
66l .2 66L.3
670.8 671.3 671.3
673.9 677 674.7 674.6
686.8
688.7 688.6 688.7 688.6
719.4 719.3 719.4 719.4
723.0 727.9
769.1 769.3 769.2 769.15
805.7
810.7 810.4 810.7 810.51
839.7
841.5 841.4 841.8 8u1.4
868.0 867.32 867.7 867.39

901.0 901.2 901.0 901.04

>

¥
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Varnell

Fresent Riedinger Baker
Study (ref.5) (ref.6) (ref.7)
919.3 919.3 919.7 919.4

919.6
926.2 926.2 926.22
957.9 959.5
963.4 963.4
96L4.0 964 .03 96L.7 96k4.0
1006.0 1005.0 1005.0 1005.06
1085.6 1085.79 1086.0 1085.8
1112.0 1112.05 1112.2 1112.07
1171.0 1171.0 1171.0
1212.3 1212.8 1212.8 1212.89
1250.0 1249.8 1249.7 1249.8
1292.5 1292.6 1292.74
1316.5 1313.5
1335.0 1334.3
1363.7 1363.7 1363.84
1390.8 1390.4
1408.0 1408.04 1408.1 1408.08
1458.6 1457.6 1458.3 1457.95
1529.3 1528.0 1529.8 1528.65
1558.3 1558.2
1608.4 1608.2 1608.33
1647.4 1647.5 1647.33
1769.4 1769.3 1769.13
1 Energy determined from ceincidence measurements.
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B. Intensity Determination

Relative gamma=ray intensities are determined by
sumning the counts under each photopesk after subtracting the
background. The final results are cerrected for the efficiency
of the detector. The results are summarized in Table 2 where

the relative intensities of the gamma lines in ;5

152

2Sm are given

relative to the intense 344.5 keV line of Gd which is

considered to have an intensity of 100. The intensity of the

1006.0 keV 1line has been reduced by 25 to correct for the

154

contribution of the intense 1004.75 keV line of Eu.

C. Coincidence Spectra
In order to separate the gamma-ray transitions belong-

152 1520d, and to place the gamma

in 152

ing to Sm from those of

transitions into their proper locations Sm level scheme,
the coincidence measurements are carried out using the coinci-
dence spectrometer shown in Fig.l. Seven gates set on transi-

1523m are used to verify the placements of the gamma

tions in
transitions in the decay scheme ( Fig.6). Table 3 gives a
listing of the coincidence relationships obtained from these
gates. Careful checks are taken against electronic drifts,
chance coinci@ence, and also the unreal coincidence due to the
Compton background under the peak of the gate. The doublet
nature of some of the lines (e.g. 4LL.0 = L4L.0 and 963.4-964

keV) requires special care in analyzing their coincidences.

Several coincidence spectra at different gates are

shown in the Figs. 7 to 11 to illustrate some of the results

/



19

obtained from coincidence work. Fig. 7 displays the 121.9 keV
gated spectrum where nearly all the gamma transitiens in
ceincidence with 121.9 keV transition are observed. Only two
transitions, namely the 719.4 and 769.1 keV lines, are not clear
in the figure, while they are seen in coincidence with 244.5
and 4444.0 keV iinﬂs. In Fig. 10, which shows the coincidence
spectrum with the 1085.6 keV gate, the presence of the 344.5

152&4 is due to the presence of the

keV line which belongs te
1089.9 keV line in the gate. It is worth noting that the
496.0 keV gamma-ray, which has net been seen in the singles
spectrum, is detected in the coincidence spectrum gated by the

1112,0 keV line (see Fig. 11).

The results of the singles and coincidence measur 2ments
are shown in the decay scheme of 122gm (Fig. 6). All the
energy states are confirmed in the present work, but some few
transitiens are still doubtful, and are indicated by dasped
lines in the figure, since they could not be observed in the

present study.

Table 2. Energles and relative intensities of

gamma rays emitted in the aecay of 1528m
Ener, Reiative
(kev Intensity
. A
121.9 108.6 + 3.00C
148.3 % 0.010
L
206.0 n.024 + 0.01

213.0 0.08 + 0.013



ity

Relative

Intensity
238.9 0.31 + 0.09
2hh.5 29.22 + 0.61
251.0 0.301# 0.024
275.5 0.21 # 0.01
285.9 0.021% 0.003
295.9 1.61 + 0.1
329.8 0.395¢ 0.26
386.4 0.076+ 0.016
416.0 0.36 + 0.043
L23.4 £ 0.2
Ll .0 10.43 + O.46
L482.9 0.14 + 0.04
488.3 1.5 {40k
L493.6 0.16 + 0.032
1496.0 £ 0.05
559.5 0.053% 0.02
563.6 1.82 + 0.09
566.4 0.402¢ 0.02
613.9 0.043+ 0.01
65545 0.60 # 0.02
664.2 0.0214+ 0.001
670.8 0.05 + 0.01
673.9 0.50 + 0.02
688.7 3.1 + 0.1
719.4 1.14 # 0.11

723.0

0.0318¢ 0.009

i»

Zh



8

[0 Tossnsity
769.1 0.32 & 0.30
810.7 1.12 + 0.31
841.5 0.70 + 0.0k
868.0 16.01 + 0.10
901.0 0.29 + 0.09
919.3 1.51 # 0.12
926.2 0.867¢ 0.10
957.9 0.041t 0.02
963.4 0.36 + 0.05
964 .0 50.8 + 1.3
1006 2.325% 0.14
1085.6 35.70 + 0.13
1112.0 49.51 + 0.80
1371 0.141¢ 0.02)
1212.3 L.64 + 0.20
1250.0 0.67 + 0.05
1292.5 0.41 + 0.03
1316.5 0.02 + 0.003
1335.0 0.018+ 0.003
1363.7 0.11 + 0.011
1390.8 0.021+ 0.003
1408.0 80.40 + 0.15
1458.6 1.91 ¢ 0.13
1529.3 1.211¢ 0.10
155843 0.002940.002
1608.4 0.025¢ 0.001
1647.41 0.02 # 0.005
1769.4 0.035% 0.002
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Table 3. Results of 152Sm gamra—-gamma coincidence
measurements. (x means real coincidence, and N

means unobeerved coincidence in present study ).

Gate 121.9 244.5 Lu4h.0 964.0 1085.6 1112.0  1408.0
121.9 x x x x x
206.0

213.0 X

238.9 X x
2&f-5 x

251.0 > x x

27545 X

285.9

295.9 x x

329.8 x x

386.4

L16.C x x

L23.4

Ll .0 x x

L482.9

L88.3 x x x x

493.6

496.0 x

559.5 x

563.6 x x N x

566.4 x

613.9

65575 x %

=
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Gate 121.9 244.5 LL4.0 964.0 1085.6 1112.0  1408.0
664.2 x

670.8 x %
673.9 X x

688.7 x x
719.4 N x x

723.0

769.1 N x X
810.7 N
841.5 X x

868.0 X X

901.0 X

919.3 x

926,2 x X

964.0 x

1006.0 x X

1085.6 A
1112.0 x x

1212.3 x X

1250.0 X

1363.7 x N

1390.8 X

1408.0 x

1U58.6 x

1529 x
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D. Search for Positrons

The energy difference between A

152 ESm is

Eu® and
about 1.867 MeV which makes it possible to decay by a positron
branch te the lew-lying levels of 1525:, namely the 121.9 and
366.4 keV levels. This possibility is investigated by sear-
ching for 511-511 keV photon coincidences of the annihilation
radiation. These coincidences are measured from a standard
22Na source and from the 1523u source under the same conditions
of location and energy gates. The coincidence count rates are
recorded at both 90° and 180° angles, and the chance coinci-
dences are calculated in all cases. The results obtained are
used, together with the known activity of the standard 22Na
seurce, te calculate an estimate of the positron branching
intensity which would be necessary to acceunt for the observed
annihilation radiation. The result ebtained showed that the
positron branch intensity is approximately equzl te (0.016 +
0.003) & eof the total decay of 1525,. 1f the capture to
pesitron ratio is considered it would imply that the electron
capture transition intensity te the low=lying levels of 1525m
is approximately equal to (2.46 + 0.60) % which checks

reasonably with the measured gamma intensities.

DISCUSSION

1528- lies at the beginning of the defermed rare-earth

region and displays the low=lying rotational energy bands. It
is known as & “soft" nucleus (its VMI softness parameter [é]

LN

"
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is calculated to be 0.229). Figure 17 is a partial decay
scheme of 1523m showing the main bands in its decay which are

discussed below @

A. Ground-State Rotational Band

The energy levels at 0, 121.9, 366.4, and 706.9 keV
have the well-known spin and parity of o', 2* , and 6*
respectively. They belong to the greund-state rotational band

withk = o' .

B. Beta-Vibrational Band

—_— e —

The energy levels at 684.8, 810.7, and 1023.6 keV
have the spins and parities ot ’ 2* , and h* respectively.
They are members of the beta-vibrational band with K‘r = o'.
These rotational levels are built over a beta-vibratienal phenen
with hw, = 684.8 keV. The anomalous branching ratie eut ef
the beta-vibrational band [7] hae been studied by Kumar
using the pairing—plua—quadfupole (PPQ) medel, and by Stekstad
who calculated successfully the E2 matrix elements of the

beta-ground transitions.

c. Gamme-Vibrational Band

The energy levels at 1085.6, 1233.9, and 1371.9 keV
have the spins and parities 2* o 3+ , and h+ respectively. They
are members of the gamma-vibrational band with I‘r = 2*. The

gamma-vibrational levels decay to the levels of the ground
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state band and alse to the 2% beta-band level, these transi-
tions demonstrate the gamma-ground and gamma=beta mixing. The
transitions intensities and the B(E2) values fer the gamma=beta
inter-band transitions have been compared [f] with thé predic-

tions of PP@ model, the results are not always satisfactery.

D. Octupole~Vibrations Band

The 963.4 and 1040.9 keV levels belong to the KW= O~
octupole vibratiens band, they are assigned spins and parities
of 1~ and 3 respectively. A 5- level reported [5] at 1222
keV has not been observed and cannet be cenfirmed in the radie-

1523m. The 963.l keV level is strengly pepulated

active decay of
152 =

[5 - é] in the decay eof Eu and is much less in the decay

of 1523ug_ This level is only fed by gamma transitiens

deexciting the higher levels.

E. Higher Energy States

(1) The 1529.9 and 1579.9 keV levels are the 2 and 3 members
of the KN = 1~ band, The collective nature of the 2~
level is supported by angular cerrelation experiments ‘}i]
where 1t is found that the transition from the 3  member ef
the octupole vibrations band has an B2 nature. The 1
member of this band is reperted [9] at 1510.8 keV which
is excited 1in the decay of 1523u‘ but is not ebserved in
the decay of '°°Eu€. The 5  member of this band is
assigne€ at 1726 keV through inelastic deuteron scattering

experiments [2] but it is not observed in the decay of
152 Eu
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(11) The 1292.5 level seems of particular interest since there
152

is some evidence EH‘] that Sm nucleus has, in this state,
a smaller deformation than in the greund state, i.e., the
1292.5 level is almost a spherical state. The decay eof
this level is preferentially te the levels of the g.s.
band, beta band, and ectupole ruta;ionel band, but ne

gamme transitiens to the gamma-vibrational band. Therefore,
it is suggested that this level is the 2" member of a twe-

phonon beta=-vibrational band. In the decay eof 152!u., a 0’
member of this band is observed at 1082.8 keV but it is

not present in the decay of 1523u8,

(1141) The 1651.9 and 1757.2 keV levels are co#firned by coinci-
dence measurements and they display similar features. The
1651.9 keV level is assigned a spin ef 2" and is considered
as the band head of a new octupele band with KWa= 2~ ;
this assignment is supperted by the relative B(El) values

[9] of the transitlens deexciting this level. The 1757.2
keV level is another member of the same band it is assigned a
spin of 3+ by Barrette et alf ‘?] on grounds of its decay

characteristics.

(iv) The 1680 keV level is reported due to the coincidence
measurements. It is aasigned:n spin of 1~ based en the
decay characteristics and the leg ft value. The 1701.4 keV
level is proposed te explain the very weak coincidence
between 244.5 and 1334.7 keV lines. The decay ef this
level only to the 4* state of the g.8. band indicates that
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its epin 1s 4~ or 5 . The 1769.L4 keV level is suggested
[9] to be a coupled beta=-gamma twe-phonon 2% state
based on the energy sum of o* beta level ana 2% gamma

level.

CONCLUS TONS

The investigation ef the d ecay characteristics of 152Eug

has revealed the existence of 58 gamma transitions in the decay

1528!1 where twenty excited states have been confirmed, and

of
the decay scheme has been proposed. Several states are confir=—
med in this inveatigatiog by coincidence results while they

have been placed before by energy fit alone. The positron
branch from 1523u te the low-lying levels of 1528m is measured
to be equal to (0.016+ 0.003) & by measuring the annihilation
radlation coincidences. The electren capture branch is estimated
to be about (2.46 + 0.6) % of the total decay of 15258, The
intensities of t he very weak transitions between the different
bands have been measured. The comparison of the inter-band
transitions intensities with the predictions of different theo—
retical models is not always satisfactory, and further investi-

gatione are needed to explore the anomalous branching ratiocs

between different bands.
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