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The co~nparative rncasurenients of Eq, the activation energy of viscous flow and -drz/dT the. temperature derivative 
of refractive index are here extended to ainyl alcohol, isoamyl alcohol and n-butyl alcohol. The and -drt/dT curves for 
these thrce alcohols exhibit a series of maxima and nlinima which tend to beco~~le  inore pro~nitlent at temperatures above 
40-C. It1 each case, there are ten to clcvcn nlinima in the ranae between 20'C and 703C, and the two sets of 111ini1na cor- 
respond with each other within less than 0.7OC on the average. 

Introduction 

Investigations on flow activation cnergy Eq 
carried out in a series of experiments by Qurashi 
and his co-workers have established two types of 
novel phenomena, namely (i) step-wise variations 
observed in water,' ethylene glycol2 and solution 
of dilute aqueous ethanol,3 and (ii) cyclic be- 
haviour of ET, as seen from the measurements on 
benzene,4 on ethanol solutions at  the ethanol- 
rich end of the system,s and in mineral oils a t  
high temperatures.6 In an effort to throw further 
light on these phenomena, the measurements in 
the present series of papers include investigations 
of the derivatives of viscosity, density and re- 
fractive index of various liquids and solutions. 
These measurements have indicated a certain 
degree of correspondence between these three 
types of phenomena, and the comparison between 
the Eq jumps and the cyclic variations of dpldt 
made by Ali, Bhatti and Qurashi7 points to possible 
structural changes occurring in liquids. 

In order to further elucidate the correlation 
between these various quantities and their varia- 
tion from system to system, it was considered 
desirable to examine some of the higher alcohols. 
The  present communication deals with activation 
energy of viscous flow, E?, and the derivatives of 
refractive index (-dnldt ), both measured at  one 

degree C intervals for (i) amyl alcohol .(ii) isoamyl 
alcohol and (iii) n-butyl alcohol. An attempt 
is made to deduce some correlations between the 
two phenomena. 

Experimental Technique 

Eq is obtained by the differential method (as in 
the case of water, hydrocarbons and aqueous 
solutions), which is based on the ,differential of the 
Andrade equation, viz. 

E.i/R=Alnq/A ( I /T)=  - T2 A lnq/AT 
= - T2 A In VIA T+T2 ( A p / A T ) / p  
=Ev/R f T2p ( I )  

where pis the density, v the kinematic viscosity,? 
the dynamic viscosity (= v X p ), and p is the 
coefficient of dilatation. (The term T2p forms 
a small slowly-varying correction factor which 
can .be applied to the final EIR values.) 

Flow measurements through a U-tube visco- 
meter of B.S.S. pattern were recorded to an ac- 
curacy of*o.o2 sec with a calibrated stop-watch, 
using a Townson and Mercer thermostat with 
temperature stability to *o . oo2OC or 'better. 
Corrections for the change of the equilibrium 
level of the liquid in the viscometer were applied, 
and the evaporation losses at  higher temperatures 
were diminished by keeping a ballast-bottle device 
well-immersed in the thermostat. 
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The reaction of aminopyranodioxins (I) with alkoxides, i.e. sodiun~ ~nethoxide and sodium ethoxide, has been in- 
vestigated further. The UV and IR spectra of the new products has been recorded. 

One step formation of the dihydroxypyridines chemical transformations of the new products 
(11) from aminopyranodioxins (I) was reported were also carried out. For instance, the product 
earlier.' The reaction appeared to be capable C8H9NOS (11, R=R1=CH3) with phosphorus 
of further extension, by reacting the easily avail- oxychloride, gave a dichloropyridine C8H7N03C1, 
able aminopyranodioxins with sodium metho- (IV), m.p. 126, A ,ax 326 and log E 4.6.  I R  
xide and ethoxide to yield pyridines in the absorption occurred a t  v 1639s cm-I, due to 
range 50-80%. 2-pyridone carbonyl. With diazomethane, the 

product (11, R=CH3, R'=o methoxyphenyl) gave 
For example, the compound C16HrSNOS, a monomethoxy compound with a formula 

(I,  R' = m-tolyl) when reacted with sodium me- CISHrSNO6 m . p  205, A mnx 206, log E 4.5 .  
thoxide in methanol formed a product with for- I t  could have two structures, i.e. I I IA or IIIB. 
mula. C14H13N05 (11, R=CH3, R'=m-tolyl), The latter formula was discounted because it is the 
m.p. rgoO (dec). I t  had all the characteristics of hydroxyl group aaacent  to the electrophilic nitro- 
dihydroxypyridines. I t  absorbed UV light a t  gen which is most likely to be attacked rather 

-1, 306, log e, 4.4.  A similar situation has than the one further removed from it. 
been observed in case of several aminopyrano- 
dioxins and alkoxides. The analyses and physical On  treatment with morpho!ine in chloroform, 
data of the new products are recorded in Table I .  it (11, R=CH3, Rf=benzyl) gave a morpholinium 

adduct Cz2H,fiN,06 (V), m.p. 167, )L max 308, 
Apart from UV and I R  spectra recorded in log e , 4.6.  When reacted with bromine in 

support of the structural formula (11) various CC14 solution, the compound '(11, R=CH3, 

CHART I. 

C  H7 

I pher 

- 
m B, R . C H ~ .  6: ~ - m e t h e x ~ ~ h o n ~ l  ~ A ~ R = C H 3 , R r o - m e t h o ~ ~ -  phenyl P 





A NEW GROUP OF AZOIC PIGMENTS BASED ON THE COUPLING REACTION OF 
5-CHLORO-OXINE WITH THE DIAZONIUM SALTS OF AROMATIC AMINES 

MOHAMMAD ZAPAR SHAH, MOHAMMAD SARWAR and M.K. BHATTY I 
West Regional Laboratories, Pakistan Cozrncil of ScientiJic and Industrial Research, Lahore I 

(Received March 12, 1967) I 
A new group of azoic pigments has been prcpared by the couplin~ reaction of 5-cliloro-8-hydroxyqiiinoline with 

thc diazonium salts of aromatic alllines. Accordilig to this reaction, aniline, a-, rrr-, and p-chloroanilines, o-, nt- and p- 
brolnoaniline, o-, tti- and p-nitroanilincs, p-aminophenol, 2:4-dichloroanilinc, o-anisidine, p-toluidinc, ;-nitro, o-toluidiiie, 
p-arninoazobenzenc hydrocliloride, p-amiriodipl~enyl, p-aminoacctanilide, a-and $-naphtliylamines, etc., havc yielded 
such azoic pigments as arc rnostly deep rcd in colour. 

Introduction 

5-Chloro-oxine was prepared from p-dichloro- 
benzene which is a by-product of the D.D.T. 
manufacture. I The chloro-oxine couples with 
diazotized aromatic amines to form azoic or in- 
grain pigments. When the coupling reaction is 
carried out on the fibre, the colour developed is 
water-washable and is not uniform. However, the 
pigments have good decorative and protective 
powers, good brilliance and are fast to light. 

These pigments have not so far been synthesised . 
The position 7 in 5-chloro-oxine is activated 
by the neighbouring O H  group in position 
8. hforeover, as the OH group is o-and P- 
directing for diazo c o m p o ~ n d s , ~  and as the b- 
position in the chloro-oxine is already occupied, 
the coupling occurs in the o-position with respect 
to the O H  group or in position 7 of the 5-chloro- 
oxine. The reactivity of the position 7 in 5-chloro- 
oxine is illustrated by the following example: 

where X is Cl, Br, I, etc. 

.Because of this. reactivity of the molecule, a 
large number of reactions, leading to the formation 
of useful products, 'has been carried out. These 
products include 5-chloro-7-iodo-oxine,3 5-chloro- 
7-bromo-oxine,4 5,7-dichloro-oxine. In  the pre- 
sent studies, a new group of azoic pigments has 
been synthesised by coupling 5-chloro-oxine with 
the diazotized aromatic amines. Thus 

Diazonium chloride of aromatic amine+5-Chloro- 
, oxin'e+Azoic pigment 

where Ar denotes an aromatic moiety. 

The shades and yields of the various pigments 
obtained by coupling 5-chloro-oxine with the 
diazonium salts of aromatic amines, are given in 1 
Table I .  i 
TABLE I .-THE COUPLING REACTION OF 5-CHLORO- 

OXINE WITH AROMATIC AMINES. --- 
Base Pig~ncnt Shade Yield I 

% 
Aniline 

o-Chloroaniline 

nt-Chloroaniline 

p-Cldoroaniline 

p-Anlinoazobenzene- 
hydrochloride 

p-Aminodiphenyl 

5-Chloro-7-phenylazo- 
oxine 

5-Chloro-7-(2-chlo- 
rophenylazo)-oxine 

5-Chloro-7-(3-chlo- 
ropheny1azo)-oxine 

5-Cliloro-7-(4-chloro- 
pheny1azo)-oxitie 

5-Chloro-7-(2-brorno- 
phenylazo)-oxine 

5-Chloro-7-(3-bronlo- 
pheny1azo)-oxine 

5-Chloro-7-(4-bromo- 
phe11ylazo)-oxine 

5-Chloro-7-(2-nitro- 
pheny1azo)-oxine 

5-Chloro-7-(3-nitro- 
phenylazo)-oxine 

5-Chloro-7-(4-nitro- 
phenylazo)-oxine 

5-Cliloro-7-(4-hydroxy- 
phenylaz0)-oxine 

5-Chloro-7-(2,4-dichloro- 
p1ienylazo)-oxine 

5-Chloro-7-(2-rnethoxy- 
plieny1azo)-oxine 

5-Chloro-7-(4-methyl- 
p1ienylazo)-oxine , 

5-Chloro-7-(2-methyl-4- 
nitropheny1azo)-oxitie 

5-Chloro-7-(4-benzenea- 
zopheny1azo)-oxine 

5-Chloro-7-(4-di- 
pheny1azo)-oxine 

5-Chloro-7-(4-ace- 
tin1idophenylazo)- 
oxine 

5-Chloro-7-(1-naph- 
thylazo)-oxine 

5-Chloro-7-(2-nap- 
hthylazo)-oxine 

Deep red 

do 

Red 

Deep red 

Red 

do 

Deep red 

Dirty- 
brown 
Deep red 

Reddish 
brown 

Deep red 

Reddish 
brown 

Deep red 
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Part =.-The Heartwood of ~ r o s o ~ i s  specig$ra (Jandi) 
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Ethanol extraction of the heartwood of Prosopis sr,ec(qero yields 0.5%,material which contains 26% sugars consisting 
of sucrose, glucose, fructose, arabinose and mannose. The extract also contains 0.4% n-decanol, 0.5% 3-sitosterol and 
7.7% of the esters oflauric, n~yristic, palmitic, stearic, oleic and linoleic acids. The presence of 5 flavanones in the acetone- 
soluble fraction of the extract was also indicated. The major portion of the extract was tannins. 

Introduction scheme of this material and the yields of various. 
compounds isolated from it are shown in Chart I .  

Of the heartwood of many trees in commercial 
use in West Pakistan, some are resistant to decay CHART-I. FRACTIONATION SCHEME AND YIELDS O F  

and insect attack, whereas others are perishable. VARIOUS COMPOUNDS ISOLATED FROM THE HEART- 
In general, this durability is restricted to the WOOD OF Prosopis specigera. 
so-called heartwoods. Some heartwoods have 
been, and still are, highly esteemed for building Conc ethanol 

purposes. For example, the heartwood of Dal- extractive 

.bergia sisso locally known as "Sheesham" is highly 
valued for its resistance to rot and termite. Acetone 

I 

I t  was recognised early that the durability 
-might be dependent, besides other factors, upon 
the occurrence of some specific substances in the 
heartwood. In recent years, a large number of 
 heartwood^,^,^ which grow in various parts of the 
world have been examined chemically. The most 
.common classes of compounds which occur in 
these woods include resins, terpenes, flavanoids, 
fatty acids, glycosides, alkaloids and alkanes. 
However, heartwood of only a few trees growing 
in Pakistan have so far been investigated for their 
.chemical constituents. A research project has, 
-therefore, been initiated for such investigations. 

The present paper deals with the chemical 
-examination of the heartwood of Prosopis specigera 
locally known as "Jandi". I t  is a small or medium- 
sized evergreen tree. I t  is found throughout the 
plains of the former Punjab where the rainfall is 
less than 30 in. I t  is the chief tree of "rakhs" 
where it grows to 2 0  ft in height and 2-3 ft in 
-girth. Its heartwood is rather scanty, purplish- 
brown but very hard. As firewood, it is preferred 
to many other woods. Botanical sources3 neither 
-mention any particular resistance to de'cay of this 
-wood; nor has it found any commercial use. 

.I. .1 
Insoluble 62% Soluble 38% 

Concentrated + 1 dry acetone 

-- 
J. J. 

Insoluble ~ 0 1 ~ 1 b l e i 2 %  
syrupy mass 26% 

(Sucrose, glucosc, fructose, 
arabinose and mannose) 

J. 4 
Insoluble 4.3% Soluble oily mass 7.77; 

(Colouriug matter containing 
5 flavanones) 

I 

Saponification 

, 
J. .1 
Fatty acids 6.8% Unsaponifiable matter 0.9% 

I 

(Lauric, ~nyristic, palmitic, I 

*~ 

t. 

stearic, oleic and linoleic acids) 
, Steam distillation I 

4 & 
Non-volatile fraction 0.4% Distillate 0.5% 

(9-sitosterol) (n-decanol) 

Experimental 

Exhaustive ethanolic extraction of the heart- M. ps were determined by Fischer-John ap- 
wood of a mature tree, cut in December, yielded paratus. I R  spectra were recorded on Leitz Wetzlar 
a . 5 %  of a soluble material. The fractionation N 105 Infrared spectrograph, using KBr disc or  
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TOXICITY O F  PETKOLIN AGAINST COTTON APHIDS (HEMIPTERA: APHIDIDAE) 

Pesticide Research Section, Central Laboratories, Pakistan Chunczl of Scientgc and Indziitrial Rerearch, Ka,ach~ 

(Rcceivcd Novembcr 19, 1966) 

Aphicidal action of Petkolill-A, Pctkolin-M and Pctkolin-S, have been stildicd under laboratory condition against 
adult apterous a ~ a m i c  fe~nale  cotton aphid, Al~lris gossypii Glovcr. Rcsi~lts 11,ir~ bccn compared with other chlorinated 
insecticidcs, c.g., BHC (benzenc Iiesachlori~ie) and Endrin. It was found that Petkolin-S was 2s effcctiyc as IjHC and 
more toxic than Endrin. 

Introduction 

Cotton aphid, Aphis gosgFii Glover, is widely 
distributed throughout the cotton-growing re- 
gions of the world.' I t  attacks all vegetables 
and higher plants of  forest^.^ In India it has 
I~een recorded on cotton (GosgFium herbaceum), 
potatoes (Solanurn tuber-osum), chilly (C'npsicum sp.), 
hollyhock (Althea rosea) , Indian mallow (Abutilol~ 
itzdicurn) , lady's finger (Hibisczis escule~ztus) , brinjal 
(Solanurn melongena) , turi (Lu-fa sp.) , Crotalaria 

juncea, guava (Psidium guajava) , teak 3 ( Tactona 
grandis), Amaral1th71s sfiinosu.r, Cassia sp., and Arge- 
mone mexican&:4 Different species of aphids have 
been reported from Pakistan.5 Cotton aphid is a 
polyphagous feeder and has been recorded on 
cotton crops in Dacca, Chittagong, Mymensingh, 
Comilla, Jessore and Rangpur districts in East 
Pakistan. I t  has also been recorded on cucur- 
bitaceous vegetables and from all cotton-growing 
areas of West Pakistan.3 

Because of the migratory habits, host alterna- 
tion, and sucking or .piercing type of feeding 
habits, coupled with remarkable reproductive 
powers, aphids control measures become very 
dificult. Many Indian workers 6-I' have tried 
to control this pest but not much attention has 
bcen paid to control it in Pakistan. 

of the solution was sprayed from each formula~ion. 
Spraying was done by means of S-T-4 Laboratory 
Spray Toiver a t  a working pressure of 3 Il),in2. 
The  time for 50q4 and 100% mortality was noted. 
Aphids were considered dead if they showed no 
movement of legs and antennae when -disturbed 
by a needle. The  percent mortalities were cal- 
culated by Abbott's I 6  formula. Each experiment 
was repeatcd twelve times along with a control. 
The  toxicity of the new pesticides was compared 
with that of RHC and Endrin (Technical grades). 

Results 

The lowest percentage concentration ( I  7;) 
of Petkolin-S, Petkolin-A and Pctkolin-M, gave 
50% mortality in 35, 47 and 50 min and I 00); 
mortality in 76, 95 and 99 min respectively. 
No revival was noted after 24 hr. Similarly, the 
highest percentage concentration(q%) of Petkolin- 
S, Petkolin-A and Petkolin-M, took 16, 19 and 2 7  
min for 50q4 mortality and 40, 42 and 52 min 
for I O O ~ / ,  mortality respectively. Mortalities 
obtained with different concentrations of Petkolin- 
S, Petkolin-A and Petkolin-M, have been shown 
in histograms (Figs. 1-6). In  similar experiments, 

- 
The present investigation was undertaken with a 

: 
a view to evaluate the aphicidal activities of the 2 
new pesticidal products 12*'3 that have been 60 

obtained by chlorinating indigenous and imported 
k 

petroleum fractions.I4 e so - 
f 40 

Materials and Methods 
$, 3 0  

A detailed account of the method has already 2 2 0  
been described. I s  Cotton aphids, Aphis gossypzi w 

Glover, were reared in the laboratories a t  a tem- 5 10 

perature of 32-35°C and relative humidity of 
6 5 4 5 % .  The  adult apterous agamic female 1- < O r  o 4 ' .  , - I* I ~ O  

aphids of known ages were used for each test. Concentrat,on 

Solutions Petkolin-A, Petkolin-M and Petkolin-S Fig. 1.-Histogram showing 50% mortality with  various 
('-7%) were prepared in acetone, and 0.6 ml concentrations of Petkolin-S agains cotton aphids. 
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MYCOSTASIS IN SEMI-ARID SOIL OF WEST PAKISTAN 

M.H. HASHMI and  M.A.B. MALLIK 

Departmetzt of Botany, University of Karachi, Karachi 

(Received January 31, 1967; revised June 14, 1967) 

Eleven species of fungi were' tcstcd by agar disk technique for sensitivity to ~nycostasis of six different soils. T!re 
capability of spore germination of all fungi except a spccics ofAlterrrnrin was reduced to a varying degree due to  riiycostnsi.;. 
All the six soils were mycostatic, the University of I<araclu campus soil b c i n ~  the least. Autoclavitig of the soils dep1ctc.d 
the inhibitory factor. Autoclaved soil, when kcpt exposed to  the atmosphere for 30 days allowing contamination by 
aerial microflora, regained mycostasis indicating pr-obablc microbial orisin of the inhibitory factors. The upper laycr of the 
soil, the sitc for intense microbial activity, was marc niycostatic than thc soil at lower depth. Thc soil containing moisture 
of 90% water holding capacity greatly diniinished ~nycostasis but did not eli~ninatc it. 

Introduction 

The occurrence of substances inhibitory to the 
growth and survival of soil fungi and bacteria has 
been reported from different parts of the world 
particularly from the temperate regions. 1,374,11 
I n  tropical humid soil complete inhibition 
of germination of spores of fungi belonging to 
difftrznt taxonomic groups was noted.9 Similar 
inhil3itory effect against Fz~sariztm oxj~sfioriurn f. 
c~tbe~lse was found in humid tropical soil of Hon- 
duras.I7 The phenomenon has been termed 
as fungistasis in earlier literature. Here the 
term mycostasis is being used following the sugges- 
tion of Dobbs, Hinson and Bycvater.5 

The cause and nature of mycostasis is not 
understood. Lockwood '3 suggested that diffu- 
sible toxic substances produced by Streptomyce.r 
sp. might be a cause of soil mycostasis. He ob- 
tained lysis of fungal mycelia in contact with 
unsterilized soil . I 4  Lingappa and Lockwood IZ being 
unable to detect any fungitoxin in the soil pos- 
tulated that-the antibiotics produced by the micro- 
organisms on the agar film used in the experiment 
was the cause of mycostasis. 

The present work was undcrtaken to determine 
the prcsence of mycostasis in the tropical semi- 
arid region of West Pakistan where the annual 
rainfall is ca. 20  cm and the temperature ranges 
between 10°C: and 43OC The investigation was 
made :o eiucidate some aspects of the nature of 
mycostasis. 

Materials and ~ e t h o d s  

0igaizisms.-The following fungi were used. 
Allrrt~arza sp.," Aspergillus jlavus Link, A. ,funzigafus 
Pres, A. 12ive1is Bloch, A. rugulosus Thom & Raper, 
A .  ochraceus M'ilhelm, A. tamarii Kita, A. ustus 
(Bainier) 'Thom & Church, A. terreus' Thom, A. 
z~ariec~~kr (Bark & Br.) Thom PL Raper, Czinning- 

*Gilman's nomenclature 7 has been followed. 

hamella echinztlata Thaxter and n/lonilia sp. These 
were isolated from Karachi University C a m p u ~  
soil except Cunninghamella eclzinulata which was 
isolated fkom decaying sugarcane leaf. These 
were maintained on Czapek's agar medium. 

Six different soils were tested for the presence of 
mycostasis using eleven species of fungi. For the 
experiments with the autoclaved soils the samples 
after moistening with distilled water were auto- 
claved at  a pressure of 2 0  lb/in2 for + hr. 

Soils.-The soil samples were collected from 
the upper 1 5  cm layer unless otherwise mentioned. 
The pH and the maximum water holding cap- 
acity of the soil samples were determined by 
standard. techniclue.'6 The  soil samples tmploy- 
ed were: 

(A) Natural soils not fit for cultivation. 

I .  Karachi University Campus-fine and 
mixed with pieces of. rocks, scrubby grasscs and 
other herbs of low density and frequency, pH 
7.8,  water holding capacity (WHC) I I . 6:i0. 

2 .  Sea shore-fine sand, swampy, high salt 
content, no vegetation, pH 7 .8 ,  M'HC 15.8% 

3. Hillock-rocky mixed with loamy fine sand, 
calcareous, p H  8. I ,  W H C  18.37". The soil 
was pulverized before use. 

4. Canal bed-samples from the bed of a 
flowing canal of sweet water, heavy growth of 
algae on the bed, fine sand, pH 8 .4 ,  W H C  16.5%. 

(B) Cultivated. These were from agricultural 
belt adjacent to Karachi metropolis. The  area 
has been under intensive cultivation for over 50 
years. 

I .  Lucerne corn plot-loamy fine sand, stand- 
ing crop of lucerne (Medicago sativa) and corn 



SOME NEW RECORDS OF FUNGI FROM WEST PAKISTAN 
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(Reccivcd June 17,1966) 

During the screening of soil fungi from Karachi soils some new rccords, Aq~crgi/ lus sclcrotio:t~ni Huber, P~niotlitrrrr 
lilnrinrrt?t Thom, Penicillir~rn e/irlic!iii Neb, Doc!ylitrrt~frr$orioillcs Fras. & Cif. ~W~~rotlieriurrt ~,errrrcnrin Ditm. ex Fr., Micronscrrs 
tr(q3tzosportrs Emmons & Dodge, and P.ceirilooraclrt~i~s hvoliriocporus Kuehn, Orr & Ghosli were isolated for the first time 
from West Pakiswn. Thc first five belong to Imperfect Fungi while the latter t d o  are members of Ascomycetes. 

These orjianis~ils were grown on Czapek's dos nsar and corn meal agar media under similar conditions. The oif- 
ference in respect of ~ r o w t h  and formation of frlriting bodics was noted. The Czapek's medi~rm mas more favourable 
than thc corn meal mcdiirtn. Thc controvcrsy regard~ng Prrricillitrrrr lilnciri~rrn and Syicoria t,inloccn Abbot was discussed. 
In the autllo~'s opinion the organism s1:ould be dctcrmnined as Per~ici l l~~on lilociwunt in view of its having more affinities to- i 
wards the same. - .  

were isolated into pure cultures by repeated ino: 
Introduction culations on Czapek's slants. Thk fungal colonies 

For the last hvo decades soil fungi and its rela- 
tionship with other micro-organisms have been of 
great interest to mycologists and plant scientists. 
Their manifold investigations on various problems 
of soil fungi have enlarged the vision of agricultural 
science. Many new and interesting organisms 
were encountered during the investigations. Some 
interesting fungi were isolated by the authors 
during the screening of soil samples from different 
localities of Karachi.' These fungi are reported 
for the first time from West Pakistan. I t  was, 
therefore, considered proper to describe these new 
records in a separate paper. Detailed taxonomic 
studies were carried out to observe morphological 
characters, difference in growth on different media 
and formation of fruiting bodies. Their position 
in the toxanomic classification was also ascertained. 
Different investigators have adopted different 
techniques for isolating fungi from the soil. The 
useful technique (the soil plate method) devised 
by WarcupZ is adopted in the present studies. 
I n  the present investigation fifty eight species 
belonging to twenty-five genera of fungi were 
isolated. Out  of these four gellera and seven 
species were recorded for the first time from West 
Pakistan. Seven of these new records are described 
and discussed in the present paper. 

Material and Method 

The  soil samples were collected randomly from 
different localities of Karachi, namely, Bizerta 
lines, Mohammed Ali Housing Society, Karachi 
Airport, Malir, Azizabad and North Nazimabad. 
A hoIe 2 feet deep and I foot in diameter was dug 
to expose the soil profile. The  samples were 
collected a t  various depths by means of sterilized 
iron tubes. The  soil samples were inoculated on 
Czapek's dox agar medium using soil plate method. 
T h e  petridishes were incubated a t  28-3o?C and 
examined after one week. The  emerging colonies 

were microscopically examined arid- organisms 
were identified with the help of various taxonomic 
literature3--I2 and were confirmed from Common- 
wealth Mycological Institute. The coloilies were 
grown on different media, pH and temperature. 
Slides were prepared and various taxonomic 
characters like, size, shape and septation of my- 
celium and size of coniclia and conidiophores were 
considered. Measurements were taken and 
camera lucida drawings were made in order to 
determine the specific identity of various fungi 
under investigations. 

Results 4 

As,bergillzcs sclerotiorum Huber (Plate I). Isolated 
from uncultivated barren soil of Malir, colonies 
depressed, growing slow on Czapek's dos  agar 
medium. Mycelium white, in tufts, irregular; 
Sclerotia developing after three days covering 
entire surface o f  the medium. Two days after 
inoculation mycelium shows characterstic irre- 
gularly shaped balls which later form sclerotia. 
Sclerotia developing into concentric rings on 
Czapek's slants (Plate I-A) while on corn meal 
agar few sclerotia are formed. Sclerotia white 
in the beginning turning yellow a t  maturity. 
Reverse of colony cream to yellow.' Conidial 
heads (Plate-I C,D) abundant on corn meal than 
on Czapek's, mostly columnar rarely oval, wi th  
chains of conidia upto 270!~ long, tapering clown- 
ward. Conidiophores (Plate-1,D) smooth walled, 
septate, yellow, 200-4ooy long, 7 - ~ o p  in diameter, 
arising from the distinct foot cell (Plate I ,  B). 
Vesicle globose, I 3- I 8y. Sterigmata in two series 
primary phialides 8-10 y x 2 .8-4.5p, secondary 
phialides 6.8-9. I x I .5-2 p. Conidia globose, 
smooth, 2.2-2.8p. Sclerotia (Plate I ,  E) I . 2 - I  .8  
m m  in diameter, cream to. yellowish pink, irre- 
gularly shaped, hard, arranged in well defined 
rings on Czapek's dox agar. I n  corn meal sclerotia 
are- scanty and small.- • 



A NEW GENUS (NEOSTEREOPALPUS) O F  THE EURYGENIINI (COLEOPTERA: 
ANTHICIDAE) FROM JAPAN* t 

Central Laboratories, Pakistan Councitof ScientiJic and Industrial Research, Karachi 

(Received December 14, 1966) 

A new genus (Neoslereopalpr~s) is proposed for the Japanese species Elrgenirrs niporrio~s Lewis, 1895, chiefly on the 
basis of the ovipositor of the female, which is short and compact and in this respect different from other Anthicidae and 
similar to most Meloidae. 

Introduct ion 

I t  has been customary in the past to place in 
the genus Eurygenius species that could not satis- 
factorily be placed elsewhere in the tribe. Con- 
sequently, many species have later been removed 
and placed in recently described or revised genera. 

There were formerly three described species 
of the Eurygeniirai recorded from Japan. One 
of them is redescribed here and placed i n - a  new 

- genus. The other two were found to be syno- 
nymous and have been placed in the genus 
Stereopalpus. I 

Lew,is described Eurygenius niponicus from 
"Chiuzenji", Japan, also labelled Nikko in the 
British Museum collection. In this species un- 
like other Anthicidae the ovipositor is similar to 
most Meloidae in being short, compact and re- 
duced. The immature stages are not known but 
they should be very interesting too. 

middle. Mesepisterna meeting in front of meso- 
sternum. Wing with anal (or Wedge) cell closed. 

Abdomen.-Tegmen dorsal, median lobe ventral 
in orientation. Tegmen long; parameres taper- 
ing at apex, irregularly, minutely multispined 
dorso-laterally near apex, without ridges on ventral 
surface; basal-piece short (Fig. 4). Median lobe 
with blades longitudinally serrate along inner 
margins and a t  base; median struts very short 
(Fig. 5). Ovipositor (Fig. 8) short, compact (not 
tubular), with a pair of styli borne at apices of 
short, weakly sclerotized coxites; no valvifers. 

Type of the genus. Eurygenius niponicus Lewis2 
-3Veostereopalpus niponicus (Lewis). 

J\reostereopalpus niponicus (Lewis2), new com-  
binat ion (Figs. 1-9). 

Eurygenius niponicus Lewk2 

Description Lectowe.-Male (author's no. 524), Japan,. 
Nikko ( ?  Chiuzenji), June (G. Lewis), In the 

JVeosQreopalpus Abdullah, new genyp. British Museum (Natural History) London. 

Diagnosis.-The presenie of short compact 
ovipositor in the female (Fig. 8) serves to dis- 
tinguish this genus from all others in the Eury- 
geniinae and even the Anthicidae (sensu lato). 

Head.-Widest across eyes. Tempora pro- 
minent. Apical segment of maxillary' palp cul- 
triform to subcultriform. Apical 'segment of 
labial palp securiform. Eyes entire, large, pro- 
tuberant. Antenna filiform; apical (or eleventh) 
segment slightly longer than tenth segment. 

Thorax.-Pronotum constricted on sides sub- 
apically near middle; widest subapically above 

*This wdrk was supported by a Postdoctorate Fellowship 
of the National Research Council of Canada in 1965. 

+Publication-number 58 on the Coleoptera. 

Co10ur.-Black; eyes brown. 

Vestitwe.-Consisting of short, decumbent,. 
rathei- dense brown hairs, not completely con- 
cealing surface below, and of longer, sparser, 
suberect to erect brown hairs distributed along. 
margins of head, pronotum and elytra. Pubes-. 
cence on ventral surface sparse, short; cinereous 
or light yellow on legs. 

Head.-Slightly wider than pronotum at its. 
widest part. Mandible entire a t  apex. 

Thorax.-Pronotum coarsely punctate; with a 
deep, median groove. Elytra coarsely punctate. 
Wing with cross-vein between nd A, and 2dA3 
incomplete, between 3dA, and 3d A2 present. 

* 
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OBSERVATIONS ON THE AUSTRALIAN DIACALLA COMATA PASCOE (COLEOPTERA, 

ANTHICIDAE, EURYGENIINAE) 

Central Laboratories, Pakistan Council of Scientific and Industrial Research, Karachi 

(Received December 14, 1966) 

The Australian species, Diacalla contala Pascoe, has been redescribed and illustrated. The monotypic genus Diaca!ln 
Pascoe has been characterised and comparcd from other Australian genera cf the Eurygeniini. 

Introduction 

The genus Diacalla Pascoe and its type species 
(D. comata Pascoe-by monotypy) were originally 
placed in the beetle family Lagriidae3 but that 
was a mistake. Unlike the Lagriidae all the 
visible abdominal sternites are free, and the front 
coxal cavities are visibly (i.e. externally) open 
but internally closed. The genus is a member 
of the tribe Eurygeniini of the family Anthicidae 
as defined by Abdullah.' 

Description - 
The following characters of generic value were 

observed: Head widest across eyes, nearly as wide 
as or slightly wider than pronotum a t  its widest 
part. Tempora prominent. Apical (i.e. fourth) 
segment of maxiUary palp securiform. Apical 

-(i.e. third) segment of labial palp nearly filiform. 
Eyes entire, small. Antennae filiform to sub- 
serrate; apical (i.e. eleventh) segment elongate. 
Pronotum not campanulate; widest subapically 
above middle, sides subparalle1;~surface sculpture 
visible. Mesepisterna meeting in front of meso- 
sternum. Wing with anal cell closed. Parameres 
or lateral lobes irregularly multispined dorso- 
laterally, without ventral ridges (Fig. 5). Median 
lobe spinous Faterally below apex; median struts 
reduced (Fig. 6 ) .  Ovipositor narrow, slender; 
coxite unsegmented. 

Diacalla comata Pascoe (Figs. I -8) 

Diacalla comata Pascoe, Ref. 3, pp. 46-47, PI. 
11, Fig. 6 (Lagriidae); Champion, Ref. Q ,  pp. 
193-194, PI. LXIII,  Fig. 8, (Pedilidae). 

Male (author's no. 486). Australia : Moretor 

Punctures.-Coarse and dense on head, prono- 
tum and elytra. 

Head.-Head slightly wider than pronotum 
a t  its widesi part. Mandible entire at apex. 
Antenna with segments I X  and X subserrate; 
apical segment nearly four times longer than 
tenth segment (Fig. I ) .  w 

Thorax.-Pronotum with median sulcus in- 
distinct. Wing with cross-vein between ad A, 
and 2d A3 incomplete, between gd A; and 3d 
A ,  complete. 

Abdomen.-Seventh (i. e. fifth visible) sternite 
emarginate at apex (Fig. 2 ) .  Seventh tergite entire 
a t  apex. Eighth stprnite narrow, emarginate 
a t  apex (Fig. 3 ) .  Eighth tergite entire at apex ' 
(Fig. 4). Tegmen and median lobe lateral in 
orientation. Parameres slightly tapering at apex; 
basal-piece medially ridged at base (Fig. 5). 
Median lobe characteristic; median struts diver- 
gent (Fig. 6). 

Measurements in 'mm.-To:al lzngth 8. Antenna1 
segments I-XI: 0.28, o .  17, 0.30, 0.26, 0.24, 
0.24, 0.24, O .  23,0.2 I ,  0.20 and o .  74 respectively. 
Maxillary palp segments I-IV: 0.08, o .  26, o .  12 
and 0 . 4 ~  respectively. Head: width across eyes 
I .  53; minimum dorsal interocular distance I .oz. 
Pronotum: length I .62; width at apex I .  10; 

maximum width I .47; width at base I .36. Ely- 
tron : length 5.7 ; maximum width I . 02 ; Front 
tarsal segments I-V: 0.43, 0.25, 0.22, 0.09 and? 
respectively. Middle tarsal segments I-V : o .51, 
0.26, 0.23, o . 10 and o .40 respectively. Hind 
tarsal segments I-IV: 0.57, 0.28, o .  I I and 
0.40 respectively. Hind tibia1 spur o.  I 7. ' 

Bay, in the British . ~ i s e b m  (Natural History) 
London. Female (author's no. 487), same locality as the 

male (no. 486). in the British Museum (Natural 

Co1our.-Black; eyes dark brown. ~ i s t o r q ) .    if firs from the male as 'follows: 
elvtra brownish-black: head nearlv as wide as , 

Vestitwe.-Pubescene sparse, brownish-black pronotum; antennae filiform, eleventh antenna1 

hairs, generally distributed on body, not covering segment ncarly twice as long as tenth segment; 

surface sculpture below, erect to suberect but seventh abdominal sternite entire at apex 

more or less decumbent below. (Fig. 7). Seventh tergite entire a t  apex 
(Fig. 8). Ovipositor sparsely, minutely hairy a t  

*Publication number 59 on  the Coleoptera. apex. Total length 9 mm. 



A T H I R D  SPECIES O F  STEREOPALPUS (COLEOPTERA: ANTHICIDAE: EURYGENI- 
INAE) F R O M  CHINA* 

Central Laboratories, Pakistan Cozcncil of ScientiJic and Industrial Research, Karachi 

(Received December 14, 1966) 

Errr):go~iris osiaficris Pic has been transferred to Sfcrro/~ollrr~s Ferte-Sencctere and a new combinatio~l has been proposed. 
Thc l~olotypc of S. nsiaticrrs (Pic), deposited in the Psric Museunl collection. has been described and compared with other 
species. A key to the three Chinese species is ~ i v c n .  

In t rodyc t ion  I .  Vestiture uniform, elytra immaculate-2 
Vestiture dimorphic elytra maculate 

Dr. Guy Colas' of the Museum National d' -S. asinticus (Pic) Abdullah, comb.  nov. 
Histoire ~ a t u r e l ~ d ,  Paris, kindly allowed me to . In male, stout, with a pair of 
examine the holotype of Stereopalfius asiati~us (Pic). ventral ridges (Ref. I ,  Fig. 16) ; seventh The species keys out to the ruJipes group and to the 

abdominal sternite nearly entire (Ref. I ,  Nearctic species S. rujpes Casey in my key 
(Abdullah, 1964a). The  female of S. asiaticzis Fig. I 2)-S. chinensis Akdullah. 

is not known but the male differs from S. rujpes In the male, tegmen narrow, without 
as follows. ridges (Abdullah, 1964a, Fig. 59) ; 

seventh abdominal sternite distinctly 
Tegmen stout, median apical sulcus long and emarginate (Ref. I ,  Fig. 56)- 

distinct; China-S. asiaticus (Pic) ' 5'. minutus Pic 
Descr ip t ion  

Tegmen moderate, median apical sulcus short ~~~~~~~~l~~~ asiaticus (pic) ~ b d ~ l l ~ h ,  new 
(Ref. I ,  figs. 83-84) ; Eastern 

combinat ion.  

U.S.A. and South-eastern Canada-S. rujpes 
Casey 

The ruJipes group resembles the centroasiaticu.r 
group (S. afghanicus from Afghanistan and S. 
centroasiaticus from Turkestan) closely. The  me- 
dian lobe is shorter in S. asiaticus (Fig. 2) and S. 
rlc/jl)ex (Ref. I ,  Fig. 85) than in S. axyhanicus (Ka3zab) 
(Ref. 2, Fig. 9) or in S. centroasiaticus (Semenow). 

There are two previously recognized Chinese 
species of Stereopalpus: namely, S. chinensis Abdullah 
and S. minutus Pic. In  the shape of the tegmen and 
most other features S,  asiaticus is more similar to 
S._:hinensis than any other species of Stereopalpus. 

l : d h  1 
1 

Rut since the elytra are maculate ahd the vestiture . . 
dimorphic in the former, the species does not key 
out to the chinensis group in my key (Ref. I ,  p. 32). 
However, the degree of development of the elytral 
spots is a variable character in this genhs and, 

\r/ 
for example, in S. californicus Abdullah (Ref. I ,  p. 

B 
2 

38) the rnaculations may be prominent to nearly Figs, 1 and 2.-Sfereopo!pris osinticrts (Pic) Abdullall, holotype. 
absent. I am, therefore, placing S. asiaticus in my male: Fig. I ,  seventh sternite, Fig. 2, median lobe, ventral view. 
chinensis group. The three Chinese species could 
be distinguished with the help of the following EZIV~EII~ZLS asiaticus Pic, 1942, p. 12, Echange 
key. Num. Spec. (Opusc. mart. V I I I ) .  

Key to the Chinese species of Stereopalpzcs Hololl$e.--Male (author's no. 427), China : 
~-.- - - Tatsienlu-Kiulung (Reitter), in the Museum 

*Publication nunlber 61 on the Coleoptera. National d'Histoire Naturelle, Paris, France. 



EURYGENIUS VILLOSUS CHAMPION, A COLOMBIAN SPECIES OF CADOGENIUS 
HELLER (COLEOPTERA : ANTHICIDAE : EURYGENIINAE) * 

Central Laboratories, Pakistan Council of ScientiJic and Industrial Research, Karachi 

(Received December 14, 1966) 

The l ~ o l o t ~ p e  of l.?trry,q~nirrs oil los~rs Champion from Colombia deposited in the British Museum (Natural Histor") 
Londot~, llas been redescribed. The species has been transferred to the Neotropical genus Codqwn i r~s  Hellcr and a neu: 
combination has been proposed. A key to the thrce species (C, iq~titosetlsis Abdullah, C. ohot~si Hcllcr and C. o i l l m t ~ s  
(Champion) of Codtqenius is given. 

Introduction 2.  Fourth segment of the maxillary palp securi- 
form (Ref. 4, Fig. 2 )  ; hind-wing with the anal cell 

The species was originally placed in Eurygenius present (Ref. 4, Fig. 32; Peru-C'. iquitosensis 
r'erte-Senectere near the Mexican species E. Abdullah. 
horridus and the Brazilian type-species E. reichei 
by Champion.' The  Mexican species has now Fourth segment of the maxillary palp sub- 
been placed in Rilettius Abdullah and the holotype cultriform; hind-wing with the anal cell absent; 
.of the Brazilian species has been re-desc~ibed.~,3 Colombia-C. villosus (Champion) Abdullah, 

Comb. nov. 

I have examined the holotype of E.  oillosus 
.and found it to resemble C. iquitosensis more closely 
than the species mentioned by Champion (1916). 
I n  my key to the New World genera of the Eury- 
.geniini, the type-specimen of E. villosus will key 
.out to Cadogenius Heller.3 The  important generic 
characters present being: eyes large, protuberant, 
narrowly separated above; tempora reduced; 
.and punctures on elytra very coarse. The fourth 
.segment of the maxillary palp is essentially securi- 
form but a little elongated and in C. iquitosensis 
(vide Ref. 4, Fig. 2 ) ,  and could be considered sub- 

,cultriform. (In Rilettius also, the apical segment 
-of the maxillary palp varies from securiform to 
sub-cultriforml. Another feature in which the 

Description 

Cadogenius villosus (Champion) Abdullah, new 
combination. 

Eurygenius vil1osu.r Champion, 19 16, pp. 198- 199. 

Holotype. Male, Colombia i Nova Granada 
(ex. coll. Fry), in the British Museum (Natural 
History), London. 

Colour.-Dark brown; eyes with small black 
patches; head and pronotum blackish-brown; 
elytra with sparse, minute white spots. 

Colombian hdlotype differs from C, iquitosensis Vestitwe.-Pubescence dimorphic on elytra, 
,is the absence of an in the consisting of small macroscopic patches of short, This character is also known to vary within a genus decumbent, white hairs responsible for elytral 
'of the Eur~geni ini .  the abdomen maculations and of generally distributed longer, 
is missing in the specimen and characters of the decumbent to sub-erect hairs. Latter 
aedeagus could not be examined. However, especially promineht along edges of head, pronoturn on the basis of the characters presented by the and elytra. holotv~e.  E. uillosus is being. transferred to Cado- 

u 

~ i l l e r .  - Head.--Apical segment of maxillary palp sub- 
cultriform. Apical segment of labial palp srcuri- 

Key to the species of Carlogenius form. 

I. Hind tarsus with segment I as long as Thorax.-Pronotum with median sulcus distinct. 
segments 11-111 combined; Ecuador-C- ohausi Elytra densely, coarsely punctate; punctures be- 
Heller coming larger and more oblong towards base. 

Wing with anal cell open; cross-vein between 
Hind tarsus with segment I twice as long as nd A, and 3d A, incomplete, between gd A, a n d  

segments 11-111 combined-2. gd A, absent. 

- 

* ~ublication number 62 on the Coleoptera. Abdomen.-Missing. 



STERIPHODON ABDOMINALIS (PIC) COMB. NOV. (COLEOPTERA : ANTHICIDAE : 
EURYGENIINAE) FROM BENGAL* 

Central Laboratories, Pakistan Council of ScientiJic and Industrial Research, Karachi 

(Received December 1 4 ,  1966) 

Following the examination of the ho18typc of Brrygeirirrs abdotniilalis Pic, thc species fro111 Ben~al ,  has becn tmns- 
ferred to the genus Steril)kodoiz Abeille and a new combination (S.  obdot~rirrnlis) has been proposed. The holotype from 
the Paris Museum collection has been redescribed. A key to four cpeciec from India and Pakistan is given. 

Introduction 

Steriphodon abdominalis was originally described 
in the genus Eurygenius Ferte-Senectere and placed 
near the Japanese species E. niponicus Lewis (-=~ve- 
ostereopabus niponicus, vide Ref. I but that was a 
mistake. Steriphodon Abeille is unique in the 
Eurygeniini in possessing appendiculate tarsal 
.claws, this and other generic characters are 
present in S. abdorninalis. Similarly, Neostereopalpus 
Abdullah is unique in the tribe in having short 
and compact ovipositor in the female1 and this 
important character is not found in S. abdominalis. 
There are othzr differences too. 

Dr. Guy Colas of the Paris Natural History 
Museum has kindly sent the holotype of S. abdo- 
minalis (Pic) for study. There is no abdominal 
-appendage and, as expected, the specimen turned 
.out to be a female. There are three previously 
,described species of Steriphodon from India and 
.Pakistan but the female of S. doncasteri Abdullah 
is not known.3 However, males of S. doncosteri 
have finely punctate elytra as compared with the 
holotype of S. abdominalis, and the fourth segment 
of the maxillary palp is sub-cultriform in the 
former and secl riform in the latter. I t  is expected 
that the distinguishing characters will be found 
in the female of S. doncasteri and in the wale of S. 
abdominalis when they are discovered. 

3. Abdominal appendage extending from 
first visible sternite to third-S. indicum Pic. 

Abdominal appendage. extending from 
first visible sternite to second 4. 

4. Abdominal appendage extending to the 
apex of the second visible sternite-S. 
scoparius (Champion) Abdullah. 

Abdominal appendage extending to less 
than half the length of the second visible 
sternite.-S. doncasteri Abdullah. 

5 .  Seventh tergite weakly emarginate-S. 
indicum Pic. 

Seventh tergite deeply emarginate-S. 
scoparius (Champion) Abdullah. 

KEY TO OUR SPECIES of Steriphodon /' \ 
f ' 

\ 
1 

I .  Fourth segment of maxillary palp cultri- 
form or subcultriform; elytra finely 

L-1 

punctate 2. 2 
Figs. I-, Steriphodon ~bdominalis  (Pic), holotype, female: 1, 

~ ~ ~ ~ t h  , segment of maxillary palp seventh abdominal sternite; 2, seventh tergite. 

securiform;' elytra coarsely punctate, in the 
female. seventh abdominal sternite entire Description 

(Fig. ;), seventh targite entire (Fig. 2 ) - 4 .  
abdominalis (Pic) Abdullah, Comb. nov. Steriphodon abdominalis (Pic) Abdullah, 

new combination 

2. Abdominal appendages present, males 3. 
Eurygenius abdominalis (Ref. 2, p. 109). 

Abdominal appendages absent, females 5. 
Holotype. ~ e k a l e  (author's no. 428), E. 

*Publication number 63 on the Coleoptera. Pakistan (Bengal) : Konbir (ex. coll. Leon Fair- 





ELECTRICAL RESISTIVITY OF POWDERED WOOD CHARCOAL 

A. SATTAR SYED, M.A. H O ~ ~ A I N  and M. MOSLEM 

East Regional Laboratories, Pakistan Council qf Scientific and Industrial Research, Dacca 

(Received March 27, 1967) 

Electrical resistivity of powdered wood charcoal of different grain sizes thermally activated at 350Q, 500°,600", 700°,. 
800' and 1000°C was determined upto an applied pressure of 1931 Ib/itlz. The results show- that the resistivity decreases 
with increasin: applied pressure and becomes alnlost steady beyond 1725 lb/i112. N o  ~t~eaningful dependence on particle 
size was observed. The resistivity decreases with increasing carbonisation tenlperatilre and most of the decrease takes place 
under 700°C; between temperatures of 350' and 700°C the resistivity changes from 0.35 ohm c.111. to 0.05 ohm cm, and 
from700°to 1000CC the resistivity decreases only to 0.03 oh111 cnl. Analyscs of the volatile matter evolved fro111 the wood 
chars show appreciable increase in the amount of hydrogen at csrb~nisation temperatures above 700°C. 

Introduction 

Compared with other solid fuels, charcoal pre- 
pared from wood received relatively little study 
of its physical properties. I t  was formerly be- 
lieved that coke consists largely of amorphous 
carbon which was considered to be a separate 
allotrope. X-ray analysis does not indicate an 
amorphous allotrope but all forms of carbon 
examined so far show interference figures similar 
to those of graphite.' Cathode ray diffraction, 
chemical tests and observation with electron mic- 
roscopy indicate that coke consists of minute 
graphite crystallites surrounded by high molecular 
weight organic compounds. 

I n  this paper we attempt to throw some light on 
the physical structure of wood charcoal by studying 
the electrical resistivity of thermally activated 
charcoal of various grain sizes under different 
pressures and densities, and the analysis of volatile 
matter. The charcoal was obtained from 'goran' 
(Cariops carldolleara) heart wood chips by destructive 
distillationZ a t  350°C. 

Experimental 

(a) Preparation of Samples.-About 2 . 5  kg char- 
coal was washed in running water and dried a t  
105-1 10°C for 2 hr and then powdered in a grind- 
ing machine. About 0.5 kg of the powdered 
charcoal was then loosely packed in a porcelain 
dish (diameter 15 cm) which was covered with 
another dish (diameter 15.5 cm) and heated in a 
muffle furnace at  8oo'C for 8 hr after which the 
contents were allowed to cool. The top mass 
which turned into ash was meticulously scraped 
off and the contents of the dish were sieved in a 
machine. Different samples of grains between 37 
and 3 0 0 ~  were thus separated. In  a similar 
manner charcoal samples were prepared a t  500°, 
600°, 700" and looo°C. 

(b) Measurements.-A 2-in mild steel pipe of 
I .  06 in i.d. and a wall thickness of o .  125 in, was 

lined inside with asbestos (high pressure steam 
joint type) for electrical insulation. A stopper 
of the same material was made to fit the bottom. 
3 g of the sample was filled in the above hollow 
cylinder and force was exerted with the help of a 
mild steel piston of length 2.56 in and diameter 
0.86 in; the length of the piston is graduated in 
118 in. The force was applied from a Universal 
Press, the smallest scale reading in gauge of which 
was I I .2 lh weight. 

The length of piston penetrating the pipe was 
used to derive the volume of the pressed sample 
which helped to calculate the apparent density. 
The apparent density-that is, the density of the 
carbon including the pores or voids-may be con- 
sidered as a characteristic of the mechanical struc- 
ture. 

A Pye Portable Wheatstone Bridge was used 
for resistance measurements. A low resistance 
potentiometer was used to extend the range .down 
to I x 10-6 ohm and an external galvanometer 
(Model Pye Scalamp 7902) was used foy-greater 
sensitivity. All the metallic surfaces coming in 
electrical contact with the sample were nickel 
plated. 

Contact effects were tested first by the following 
ekperiment. The overall resistance between the 
nickel plated leads (the char being held under a 
fixed pressure with the help of a vise) was measured 
as a function of current density in both directions. 
The current was measured by a Taylor Model 
88R multirange meter in the range o to ~ o o m A ,  
having an accuracy of 2%. A potentiometer 
(Pye 7569/P) was used to measure the potential 
drop in the sample. No dependence on current 
direction was noted and also, no appreciable 
change of the resistance was observed within the 
measured range. The  constant resistance of 
charcoal over the value of the current used shows 
that the sample was free from injected carriers. 

(c) Volatile Matter.-The volatile matter ob- 
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A STUDY OF fNTERGRANdLAR CORROSION AND POWDER FORMATION OF 
1818 STAINLESS STEEL 

A.A. QURESHI, AZIZUR REHMAN, AGHA SAFDAR ALI and M. TUFAIL QURESHI 

Ore Dressing and Metallurgical Division, West Regional Laboratories, Pakistan Council of ScientiJic 
and Industrial, Research, Lahore 

(Received July 6, 1965; revised September 12, 1967) 

The heat treatment of stainless steel, the carbide precipitation in the grain boundaries and the influe~~ce of heat 
treatment on the powder formation has been studied. The most suitable bath for the electrochemical disintegration 
of heat treated stainless steel has been evolved and electrolytic conditions determined. 

Much attention has been focussed on the pro- boundaries depends upon the carbon content and 
duction of stainless steel powder since the second the extent of carbide-forming elements, it is im- 
decade of this century, because of its utility for the perative to select a temperature for heat treatment 
preparation of permeable parts, namely air or which ensures the optimum yield. Secondly, 
liquid-cooled porous stainless steel inlet nozzles, the corrosive media and the effect of each com- 
blades, gas turbine components and acid-resistant ponent of the electrolyte on the yield has to be 
porous bearings, discs and filters. investigated. 

Various processes have been evolved including 
both mechanical and electrochemical, to produce 
stress-free, oxide-free, mouldable powder. From 
the metallurgical staindpoint the powder ob- 
tained by mechanical means is far inferi0r.I 

Before disintegrating the as-cast or rolled stain- 
less steel by mechanical or electrochemical me- 
thods, a-prior heat treatment is essential in order 
to make the metal susceptible to attack in corrosive 
media and to reduce the ductility of the steel.2 
I t  has been established that when 1818 steel is 
heated, chromium and carbon diffuse to the grain 
boundaries forming brittle chromium carbide. 
Its precipitation is maximum at about 550-750°C. 
TKs treament is,' therefore, responsible for reduc- 
ing the ductility of the material and leaving the 
zones depleted in chromium content, thus de- 
priving the material of the originally corrosion- 
resistant properties. 3 On prolonged heating at low 
temperature or heating. beyond IOOOOC for shorter 
peribd the diffusion OF cdomium continues even 
after the precipitation of carbide, and thus 
creates the uniformity of chromium concentration 
throughout the mass. This heat treatment, how- 
ever, controls the grain-size, but cannot obli- 
terate the step of carbide precipitation treatment 
as has been mentioned earlier and that too within 
a definite range of temperature. 

The conventional disintegration assembly con- 
sists of two sets of stainless steel bars, with alter- 
nate switching in arrangement so that only one set 
is in circuit at one time, while the other is cut out. 
The cathode is made of a lead cylinder. 

Since the setting up of a fairly steep chromium 
concentration gradient in the area of the grain 

Experimental 

The average composition of the 1818 stainless 
steel taken for this study is: chromium 18.23, 
nickle 8.06 and carbon o . IO%.  

The stainless steel strips (8" ~ 4 9 " )  were heat 
treated a t  7o0°C, 750°C and 800°C for different 
periods with a view to determine the optimum 
conditions. Small pieces were then cut, polished, 
etched and studied under the microscope. Electro- 
lytic etching in 10% oxalic acid was employed. 
The etching time given was from 15 to 30 sec in 
each case. 

The strips heat treated a t  700°C for 4 hr were, 
however, selected for electrochemical disintegra- 
tion, as the carbide precipitation is complete only 
under these conditions. This was proved by the 
comparatively efficient rate of powder formation. 

The strips of '  the above dimensions after being 
heat treated were mechanically polished to remove 
the oxide layer formed during heating. Four 
sets of two sheets each were then arranged in 
parallel in the bath. A reversing key was pro- 
vided to interchange the anode and the cathode. 

Another experiment was conducted by using a 
spiral of heat-treated stainless steel strip, which 
was made the anode and was placed inside the 
cylindrical lead cathode. The  object in view was 
to increase the surface area. This arrangement 
did not work as the corrosion was restricted only 
to that part of the spiral which was directly ex- 
posed to the cathode and no disintegration was 
observed in the internal rings. 
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Evidcnce has bcen presented to show that, contrary to the earlier belief, the Khirthar Limestone is not wholly of 
Middle Eoccnc agc but ranges up into the Oligoccne. The Cololnbo I'lnt~ Survey has dcsignatcd :hc Middle Eocenc part 
o f  the Khirthnr Limestone as Khirthar Member and thc Oligoccne part 3s the Gorag Member. The two  Mctr~bers are 
apparently confor~~iable, but detailed faunal investigation has shown that thcrc is a tinlc-hi:lt~~s betnrccn the two  as the faunas 
representing the sreatcr part of the Auversian and the entirc Bartoni~un Stages of Europe are ~nissing. 

Introduction 

In Sind, which is the type area for the Tertiary 
succession of West Pakistan, the Middle Eocene 
and the Oligocene Epochs are represented by the 
Khirthar and Nari Limestones. The boundary 
between the two is taken at a place where the 
massive, hard, grey coloured Khirthar Limestone 
is replaced by the relatively soft, brownish coloured 
Nari Limestone. Until recently the Khirthar 
Limestone was regarded as wholly of Middle 
Eocene age. 274,5;6 During the course of exa- 
mination of material from the Khirthar and Nari 
Limestones from a number of localities in Sind 
including the type Gaj River Section, the writer 
found that the Oligocene/Eocene boundary lies 
within an apparently conformable sequence of the 
Khirthar Limestone and does not conform with 
the litho-stratigraphic boundary between the 
Khirthar and Nari Limestones. The Khirthar 
Limestone, therefore, ranges in age from the 
Middle Eocene to the Oligocene. The Photo- 
graphic Survey Corporation of Canada redesignat- 
ed the Khirthar Limestone as Brahui Limestone 
and subdivided it into a lower Khirthar Member 
containing Eocene fauna and an Upper Gorag 
Member containing Oligocene fauna (Ref. I ,  

P. 96). 

Further detailed st;dy carried out by the writer 
at the British Petroleum Research Centre,. Tun- 
bury, England on collections made by ltressrs 
Pakistan Petroleum Limited from the Gaj Iiiver 
Section and Badhra area, has shown that despite 
the apparent conformity of the Eocene and Oli- 
gocene parts of the Khirthar Limestone, faunal 
evidence suggests a time-hiatus between the two. 
In the Gaj River Section a large part of the Upper 
Eocene and Lower Oligocene are missing; while 
in the Radhra area the Middle Eocene is directly 
succeeded by the Middle Oligocene. 

north. The writer recognised Limestone of Upper 
Eocene age from West of Marap, Baluchistan 
(Map ref. yqL/n), where it is about 40 feet in thick- 
ness and has been designated by Photographic 
Survey Corporation of Canada as Wakabi Lime- 
stone (Ref. I ,  p. 175). T h e  fauna in these locali- 
ties includes, among others, the typical Upper 
Eocene genus Pellatispira. which has not been re- 
ported from any locality in Sind. The presence 
of a break at the Oligocene/Eocene boundary in 
Sind has, therefore, been long suspected. 

Faunal Evidence 

A. Gaj River.-The fauna rec0rde.d from the 
Khirthar Limestone of Gaj River Section is shown 
in Fig. I .  

The basal 200 ft of the Khirthar Limestone 
(Sample Nos. FB.B. 5090-FB.B 5087) contains 
the typical Lutetian larger foraminifera as follows: 

Assilina cancellata/subcancellata, Nuttall ; A. papillata. 
Nuttall; .Nummulites perforatus (de Montfort) ; N. 
beaumonti, d'Archiac and Haime; Discocyclina dis- 
pansa, (Sowerbyi) ; D. sowerbyi, (Nuttall) ; D. un- 
dulata, Nuttall; 

This fauna is succeeded by an assemblage of '  
planktonic foraminifera (Sample Nos. FB.B. 5086 
-FB.B. 5083) which indicates an uppermost 
Lutetian to basal Auversian age, and comprises 
the following species : 

Porticulasphaera mexicana, (Cushman) ; Turboro- 
talia centralis, (Cushman and Bermudez) ; T. crassata, 
(Cushman) ; Truncorotalides rohri, (Bolli) ; Globigerina 
linaperta, Finlay; G. yeguaensis pseudovenezuelana, 
Weinzierl and Applin; G. tripartita, (Koch) ; Glo- 
bigerapsis cf. semiinvoluta, (Keijzer) ; Hantkenina cf. 
alabamensis, Cushman. 

The Upper Eocene is not of widespread oc- Sample FB.B. 5082, from 780 ft above the base 
currence in West Pakistan. I t  has been re- of the Khirthar Limestone contairis' the first 
cognised by Eames3 from the Rakhi Nala Zinda Nummulites jichteli, Michelotti indicating a Lattor- 
Pir area and from the Shirani area a little to the fian age. 
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Six representativc samples of lin~estone were selected for the studv of the effects of their niineral conlponents 
and proportion and their various uses in industry. Thc samples were collected from Musakhcl in the Salt Range, 
West Pakistan. 

Limestone and related rocks are the most 
important carbonate sedimentary rocks. I t  is 
proposed to designate those sedimentary rocks 
a s  limestone in which the carbonate fraction is 
composed primarily of calcite. 

The  minerals forming the calcareous rocks are 
few in number, and the great variation in the 
appearance and proportion of different limestones 
arises principally from the almost endless variety 
of chemical, organic and other structures into 
which the crystals of these minerals are aggregated. 
Calcite is the stable form of calcium carbonate at  
ordinary tcmperatures, and may be regarded as 
the principal mineral of limestone. Aragonite 
is the form which calcium carbonate normally 
adopts when inorganically precipitated from sea- 
water, and is unstable. Dolomite is another 
important constituent of calcareous rocks. Other 
minor limestone rock-forming minerals are mag- 
nesite, phosphorite, glauconite, quartz, fcldspar, 
clay minerals, gypsum, limonite, pyrite and cha- 
Icedeny. 

The calcium carbonate of a limestone may 
-originate from the debris of calcareous organism 
or as a chemical precipitate from solution'or as 
fragmental material derived from older limestones. 
It is convenient, therefore, to name them as follows :- 

I .  Organic limestones. 

, 2. Precipitated limestones. 

3. Plastic limestones. 

The chemical composition of limestones as 
might be expected, reflect closely their mineral 
.composition. The limestones are mainly calcite, 
and  the contents of CaO and CO, is in some cases 
more than 95%. Magnesium limestones contain 
I to 2% MgO, indicating the presence of mineral 
dolomite. Excessive silica indicates the presence 
,of much detritus or the presence of chert. If 
alumina is also high the silica is probably a cons- 
tituent of associated shaly matter in argillaceous 
limestone. 

Experimental 

Geological Investigation.-Large deposits of lime- 
stones are found in the bare and well-ex~osed 
mountains of Chidru, Marmandi, Sakesar, Nammal, 
Daudkhel and other areas of the Salt 
The out-crops extend for a distance of more than 
one hundred miles from Katha in the east and 
beyond Kalabagh in the west. Limestone can be 
found in many hundred feet thickness in the 
Permian to Eocene Systems in and around the 
Nammal gorge area which can be approachecr 
directly by metalled road from Mianwali. T& 
lithology of all formations is quite distinct from 
one another in all the system. The  limestones 
are light grey and yellowish in colour and they are 
somewhat soft to compact. The  deposits of lime- 
stone are not successively overlain by one another 
but  are intercalated by sandstone, clay-stone, 
marl and- shales. The whole geology is very 
briefly discussed in the following lines3 with re- 
ference to the samples collected. 

- - 
Systern Thicknen Sample ft . Rrf .  Detcription 
--- 

(1) ( 2) (3) (4) 

~had iar  beds. Olive-green for- 
aminiferal shales and bedded 
limcstone. 

160-500 1 Sokesar Lirnestone. Massive and 
nodular, white and gl-ey fora- 
miniferal 1. st. with subordinate- 
marls and shales. 

120-250 2 Nammal Lirnestone G Shales. 
White and light grey calcare- 
ous shales with limestones. 

10&250 Patala Shales. Olive green fora-. 
miniferal shales and coal seatns.. 

1000 3 Khairabad limestone. Grey and  
yellowish brown, sem-nodular 
foraminifera1 limestones. 

(Continued :-) 






