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ABSTRACT ,
A large number of treatments for protecting the tentage -
fabric from weather.ng (i.e. actinic and microbial) degradation
have been investigated by cutdoor exposure trials. Most of the
fabrics were dyed vat, with or without mineral khaki ground .
and simultaneously exposed to weathering at Kanpur and .
Bombay representing ‘hot-dry’ and ‘hot-humid’ climates.
Mineral khaki treatment by itself or as basic treatment on the
fabric accords high resistance to weathering. Copper naphth-
enate by itself or in conjunction with vat dyes impairs
resistance. Hydrated manganese oxide has been found to . .
confer outstanding protection to cotton fabric When the,
exposure is confined to sunh ght only. ‘
Introduction

In the earlier experiments?’? reported from this laboratory, 11; was shown»
that the Indian tentage fabric which was dyed mineral khaki or which had .
mineral khaki ground on which dyeing with vat colours had been carried out,
was more resistant to weathering than those which had been dyed direct with
sulphur or vat colours. At the time these experiments were carried out, the
approved camouflage shade for tentage was scamic 207 olive green. The
experimental fabrics had, therefore been dyed to this shade,

Since the above results were reported, the camouflage shade for tentage-
has been altered to scamic 314 (olive green) obtained by using a different
concentration of the same dye. In the revised coritext it was necessary to con-
firm the value of mineral khaki ground in confering resistance to weathering.
Since it was apprehended that adequate capacity for basic-treatment with
mineral khaki may not be always available, it became also necessary to investi-
gate whether the use of copper naphthenate, a rotproofing agent, in conjunction
with all vat dyeing will make up for the poor mlcroblal reswtance of plaln vab
dyed fabric. : .

A further aspect which merited mvestlgatlon was the practical value of
hydrated manganese oxide in protecting the tentage fabric from actinic degra-
dation. It was necessary to ascertain how far the above material can augment
the overall weathering re31stance of fabrics dyed vat, with or Wlthout mlneral
khaki ground, ~ : .

It was also of considerable pra,ctlcal interest to ascertain Whether the omis-
gion of chromium in mineral khaki treatment materially lowered the resistance
conferred by this treatment against weathering and if it did, whether an increase
in the normal proportion of the iron component could counteract the effect.
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- The exposure trials described in the present paper deal with the study of the
above aspects. The exposures of suitably treated/dyed fabrics were carried out
simultaneously at Kanpur and Bombay representing hot-dry’ and ‘hot-wet”
types of'qlimq,tes _respectively. v ‘ o .
Experimental

Materials—Cotton dosuti which is the basic material of Indian Pattern
Tentage was used as the experimental fabric. The fabric was scoured by kier
boiling. SR

Treatment/Dyeing processes , ,
(a) Mineral khaki (MK)—The mineral khaki liquor was prepared by
reducing a 30 per cent solution of sodium dichromate in sulphuric acid
medium with coarse sugar (Jaggery). After the reduction was complete, the
density of the solution was adjusted to 24° Be by dilution with water. 12 per cent
by volume of ferrous sulphate solution (20°Be) was then added. The fabric was
padded in the mineral khaki liqu r using a double three bowl padding mangle.
The take up of the liquor was 80 per cent. The padded fabric was dried in a hot
air chamber at 82:2°C for about fifteen minutes. The dried fabric was then
developed at boil in an alkali solution containing 6-8 per cent caustic soda
1-6 per cent soda ash and 0-5 per cent sodium dichromate on a jigger giving
8 ends. The fabric was then washed, soaped, washed again and finally dried.
(b) Mineral Khaki top Dyed Vat to Olive Green - Shade—Fabric treated with
mineral khaki was subsequently dyed to olive green shade using the vat colours
Cibanone Olive Green A (10 per cent) and Cibanone Blue 2R (0-2 per cent),
© (c) AUl Vat to Olive Green Shade 314—The basic fabric was dyed to olive
green shade using the vat dye, Cibanone Olive Green A (1+5 per cent). On a jigger
with M/L ratio of 1:5. The temperature of the liquor was maintained at 120°F
and the material worked for 8 ends. The excess liquor was removed in a padding
mangle. The dyed fabric was aired, rinsed, soaped, washed well and dried in the
atmosphere. ' o o - ‘
(@) Copper Naphthenate in Ammonio—Requisite weight of copper naphthe-
nate paste (7-3 per cent Cu) was dispersed in dilute ammonia (sp. gr. 0. 966)
to give a copper content of 0-7 per cent in the liquor. The fabric was given two
‘ends in the dispersion on a jigger maintaining an M/L ratio of 1:10 and the take
up of the liquor was 80 per cent. The fabric was dried in the atmosphere.

“(e) Dyed vat and treated with copper naphthenate—Fabric dyed to olive green
shade, using vat dyes Cibanone Olive Green A(1-3 per cent) and Cibanone Blue,
2R (0-2 per cent), was treated with copper naphthenate dispersion as described
. in (d) above. ‘

(f) Hydrated mangamnese ox1de—The fabric was padded in manganese sulphate
solution (06 per cent metal content) using a double three bowl padding mangle,
the take up being 80 per cent. The padded fabric was dried at 71°C on a stenter.
The dried fabric was then given 8 ends in a 2 per cent caustic soda solution on a
jigger the amount of alkali used being sufficient for complete precipitation of
the metal. The fabric was washed free of alkali and dried in the atmosphere.

- (9) Mineral khaki treatment followed by hydrated manganese oxide—
The fabric was treated as described in (a) and subsequently treated as in (f)

above,



DEFENCE SCIENCE JOURNAL R 1031

(k) Mineral khaks treatment followed by hydrated manganese oxide and finally
top dyed vat to olive green shade—The fabric was treated as in (g) and top
dyed vat asin (b) above. S

(¢) Hydrated manganese oxide treatment, top dyed vat and finally treated with
copper naphthenate—The fabric was treated as in (g) and top dyed vat as in (b)
above, :

(7) Hydrated manganese owide treatment, top dyed vat and finally treated with.

- copper naphthenate—The fabric was treated as in (¢) and finally treated asin (d)
- above. >
(k) Mineral khaki without chromium—The fabric was treated as in (a) using
ferrous sulphate solution alone in the place of mineral khaki liquor. o
- (1) Mineral khaki without chromium top dyed vat to olive green shade—
' The fabric was treated as in (k) and then dyed to olive green shade with vat
dyes, Cibanone Olive Green A (2-0 per cent), Cibanone Blue 2R (0- 2 per cent).

(m) Mineral khaki without chromium but with excess iron—The fabric was
treated asin (k) but the padding liquor contained 50 per cent more of iron salt.

(n) Mineral khaki without chromium but with excess tron and finally top dyed
vat to olive green shade—The fabric was treated as in (m) and then top dyed vat
to olive green shade as in (z) above. S

Plan of exposure _ _
(a) Type, localities and duration of exposure—There were two different
types of exposures. In one, the fabric was exposed continuously outside to the
weathering conditions while in the other, it was exposed only during hours of
sunshine. The exposures were conducted at Kanpur (latitude 26°26'N, longitude
80°22'E, altitude 416 ft. above MSL)and Bombay (latitude 18°54'N, longitude
| T2°49'E, altitude 37 ft. above MSL) representing the ‘hot-dry’ and ‘hot-wet’
types of climates respectively. At Kanpur, both the types of exposures referred
to above were carried out while at Bombay the weathering exposure alone was
carried out. The weathering exposure at both the localities lasted over a period
 of eighteen months. The actinic exposure at Kanpur was spread over 2500 hours
of sunshine. Both the exposures were started simultaneously. ‘

() Details of exposure

(+). Weathering exposures at Kanpur and Bombay—The treated dyed fabrics
along with the untreated control dosuti were mounted on wooden frames, one
yard square. There were four such frames for each fabric at each exposure site.
The wooden frames were supported on steel racks four feet above ground and
were exposed inclined at an angle of 45° facing south, :

() Actinic exposure at Kanpur—Same length of fabric as in the case of
weathering exposures were put up in a similar manner but only during hours of
sunshine. The frames were removed indoors during the night and also during
clondy weather.

(¢) Sampling procedure—10 replicates (103" X 23" each) were drawn at the
time of each sariipling according to a randomised plan. The samples were drawn
initially and bimonthly thereafter in the weathering exposure. Ini the actinic
exposure, the samples were drawn initially and thereafter every 250 hours of sun-
shine until 1500 hours were reached. After this period, the sampling was carried
2ut every 500 hours,
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TABLE 1 -
Percent Metal Contents—Weathering Exposures at Kanpur and Bombay

377

Serial No

Treatments/
Dyeing processes

Kanpur

Bombay

Period of exposure

in months

Period of exposure
in months

ole

12

18

0

\ -
6 12 18

[

Mineral khaki (Mk)

0-77 \ 0-77

0-82

0-83

0-77

0-81 | 0-79 | 0-80 .

3-10 | 3-10

2-90

3-10

3-10 | 3-1I0

Mk + Vat

0-60 | 0-67

0-68

0-756

0-60

0-69 | 0-63

3-0 | 2-60

2-50

1-20

3-0

263 | 2-60 | 2-40

Copper naphthenate in
ammonia.

Cu| 0-94 | 0-017

traces

traces

0-94

0-042| traces| traces

Vat+-copper naphthe-
nate

Hydrated manganese
oxide (Mn (OH);/MnO)

0-88

0-03

traces

0-88

0-014

0-38 | 0-22

0-06

‘0-034

0-38

0-08 |traces

Mk-+Mn (OH)y/MnO

1-01 ] 0-75

0-50

0-25

1-01

0-38 } 0-22.1:0-10

0.74 | 0-74

0-74

081

0-74

0-72 | 0-71

2:97 | 2:50

2-90

2-97

-0-69

2:03 | 3:0

Mk--Mn(OH),/MnO
+ Ya.t

0-79 | 0-83

0-40

0-14

0-79

0-38 | 0-19 | 0-08

0-67 | 0-68

0-68

0-78

0-67

0-78 | 0-75 | 0-77

2.87 | 2:66

2:60

2-87

2-80 | 2-80

Mn (OH),/MnO+ Vet

0-39 | 0-18

0-08

0-029

0-39

0-09 | 0-07 | 0-024

Mn (OH),/MnO-+Vat +
copper naphthenate

0-37 | 0-08

0-12

0-003

0-37

0-11 | 0-13 | 0-041

Cu| 071 | 0-13

0-13

0-019

0-71

0-014| 0-01 | 0-001

10

Mk without chromium

Fe| 0-46 | 0-55

0-63

0-63

0-46

0-58 | 0-68 | 0-60

11

Mk without chromium
+Vat

Fe | 0-50 | 0-63

0-61

0-65

0-50

057 ; 0-69 | 0-64

12

Mk without chromiam
but with excess of iron

0-80 | 085

Te

0-91

0-92

0-80

0-76 | 0-84 | 0-78

13

Mk without chromium
but with excess of
iron+Vat

Fe| 0:71 | 0:77

0-86

0-92

0-71

“0-75 | 0-83 | 0-89
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RS

- Total
for the|
entire|
period

July May | July | Sept, of
f s R . EMM.S
1 ?&EB%..S sp. 0
5 | Acrotbocium sp. 2 2
3 ngns.mm =
- 4 | Aspengillus spp- (. 6 | 6 |16 |10 ‘|10 |'es
& | Botrytis sp. ; 1 , 1
6 | Chactomiam sp. 2 2 4
7 O—m@omm\.oazE sp. - o
8 Q:baamgaaz.wmw. ) o
9 | Dematium sp. 2 2
10'| Dematiaceae AZon,.wwo-.:_vﬁ:m 2 6 P) 2. 3 36
forms), - .
11| Fusorium ep i a | N O
e S m@% sp. - 1 1
‘13 N_uma_;%mom?azﬁ BP: . 5 . 9
14 ,.ﬁsmuca%p 8p. ¢ 1 1 4 4 14
15. (goE..zm. Sp. M 1 1
| 16| Mucor sp. 1| 1
5 M,waowﬂ_bns%omm sp. 1 3 |2 6 |,
Poni ?ns *pp. 174 3 2 1§ 28
21 homs sp- i 4 0
) | Pyronomyoetes (Group) E 0
: W iZopus sp. o « : 8 6
: Rhodotorula 8p. ; ; ; 0|
wwwvamcm.malmm sp. Sl : : : 1 1 B ‘ o2 o 0
| Trichoderma sp. ) 12 12 o4 |- : ; 1o0r 2 9 11
.Wﬁm._.ﬁgw_ms& spe T 0 . . 1 1
Torula sp. 2 1|2 . ] 3 =B , 1 o
7 | Vorticiium sp. T e s |2 EREETEERERE PR BE R I T T T e T O I -
) da.%awm& iolates | 1 4 9 |11 |16 5 ‘glal |12 70 6 38 |19 |19 112 T».l 18] -
“Total 4 1 {22 |36 |51 |49 |20 (56 _ 52 |21 |12 21 ] 45 _ua _ 2 |4 _ 51 |56 | s
. N .m.]ﬁ»v mmnnmm shown against the Amlo_a‘onm_‘., isms represent the numker of mmowmwmm of each mﬂ«ﬁu_,m«ﬁu o
_ - ) . 3 i 330 - g - ;
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‘Discussion of Results
.. Breaking strength

Actinic exposure
(@) The following treatments have proved to be best:
(4) Hydrated manganese oxide (Mn (OH),/MnO).

(#) Hydrated manganese oxide--Vat
(497) Mineral khaki without chromium--Vat, and

(4v) Mineral khaki without chromium but with excess iron-4-Vat.

The above four treatments are not significantly different among themselves.
The strengths retained by the treated fabmcs at the end of 2500 hours of sunshme
are very high (83—889).

(b) The omission of chromium from mineral khaki i impairs’ grea.’rly the
resistance of the latter but the addition of excess iron n lieu or top dyeing
with Vat restores the remstance to about the same order

(c) The least sa.tlsfa.ctory treatments are given below in the ‘decreasing
order of resistance to actinic attack.

(¢) Untreated control.
(#¢) Vat+Copper naphthenate.
(¢5) Copper na.phthena.te

(d) It will be obvious that while the above results are important, they
cannot be viewed in isolation, since under field conditions of exposure of cotton
material where actinic degradation takes place, microbiological degradation
also oceurs to a greater or less extent.

Weathering Exposures

(a,)' The role of mineral khaki in conferring protection against weatheﬁn-g—
The best treatments at both Kanpur and Bombay are as follows:

(¢) Mineral khaki+Mn(OH),/MnO-Vait.
(¢¢) Mineral khaki.

(¢%) Mineral khaki+Mn(OH),/MnO, a.nd
(?v) Mineral - khaki-Vat.

Tt is clear that mineral khaki by itself or in the presence of vat confers the’
best resistance at both ‘hot-dry’ and ‘hot-wet’ localities. This findingisin agree-
ment with the results reported previously from this establishment?, 2, :

(bY The value of hydrated manganese oxide in conferring protection against
weathering—It has been shown under discussion on actnic exposure that
treatment with hydrated manganese oxide (Mn(OH),/MnO) confers.excellent
- prosection. In the weathering exposures at both Kanpur and Bombay the best
‘treatment is the one in which Mn(OH),/MnO is present along with ‘mineral
khaki and vat. It will be obvious that where tentage fabric is to be dyed
comouflage shade 314, it is best to have mineral khaki ground, treated subse-
quently with Mn(OH) /MnO and then dyed to vat. The strength retained by



382 DETERIORATION OF TENTAGE IN INDIA—RESISTANCE TO DETERIORATION

fabrics so processed after 18 months of exposure at both Kanpur and Bombay .

is about 45—52%,. Where vat dye'ng is not necessary finally, no speciel advans-
age accrues by resorting to treatment with Mn(OH),/MnC on mi neral khaki
ground.

(¢) The value of copper naphthenate when used in conjunction wqth all vat
dyeing—At both Kanpur and Bombay, the incorporation of copper naphthenate
in all vat dyeing, far from 1mprov1ng weatheéring resistance, actually impairs it.
The effect is evident even in first four months of exposure. The effect is no
doubt due to the fact that the protection conferred by copper- naphthenate in
countering microbial degradation is far outweighed by the rotproofing agents
ca.paclty to accelerate actinic degra.da.tlon

(d) The effect of omission’ of chromium in mineral kkak@ on its weathermg
resistance—There is very definite evidence that the omission of chromium in
minera] khaki reduces the resistance of the latter both at Kanpur and Bombay.
The addition of excess iron in lieu of chromium increases the weathering resist-
ance slightly at Kanpur but at Bombay the: effect is not significantly different.
Similar results have been obtained where lnstead of excess 1r0n, top dyemg
with vat has been resorted to. ' :

Copper number

(@) Actinic exposure—The results shown in Fig 4 reveal inter a,lm tha.t

(¢) wherever hydrated manganese oxide (Mn(OH),/MnQO) or mineral
khaki is present, the degradation is very low; where both of them
© are presen’ together, the degradation is 1east and

. (#) copper mnaphthenate accelerates actinic degra.datlon (vide treat- v
ments 1, 4, 5, 6, 10 and 11 in Fig 4).

(b) Weathering exposure—The results shown in Flg 4 reveal inter alia that
" (s) considerable actinic degradation takes place at Bombay.

' (1) treatments in which mineral khaki is present, suffer the least
degradation at both Kanpur and Bombay, and '

(#%5) omission of chromium in mineral khaki increases the extent of
degradation of the latter both at Kanpur and Bombay. -

Degree of Polymemsatwn—The -values for percentage fall in degree of
polymerisation in both actinic and weathering exposures show clearly that:

(a) where copper naphthenate is present, the resistance to detenoratmn
~ is poor,

(%) there is a tendency 1 for mineral khaki wherever present, to improve
" the resistance to deterioration, and

(c) omission of chromlum from mineral khaki i lmpa.lrs the - latter s res1st-
‘ance  to  deterioration.

Exceptmd in isolated cases in well: deﬁned groups, it is. dlﬂicult to select out-
standing ‘treatments from the data provided in Fig 5. ‘These data do not bear
a close relationship to those recorded under breaking strength. This lack of
relationship indicates that in exposure trials the breaking strength of a woven
fabric such as dosuti is not entirely influeniced by the average molecular weight
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of the cellulose. Under controlled conditions of irradiation of a woven fabric
to ultraviolet rays in the laboratory, a parallelism has been found to exist
between average molecular weight of the cellulose and breaking strength of -
- fabrie®. o o ' 1

Metal Contents—The results summarised in Table I indicate that while
chromium and iron as oxides are generally resistant to leaching effects during
- weathering, copper as copper naphthenate and manganese as hydroxide/oxide
are very rapidly lost, more so at Bombay than at Kanpur. Thisresult is of some
- importange since the protective action of hydrated manganese oxide is depen-

dent on metal content?®, o B : '

Incidence of microorgamisms

(a) Although the weathering exposures commenced  in the middle of
Maxch, 1951 the first sign of mould growth appeared during the early stages
of monsoon (1951) at both Kanpur and Bombay. This is in conformity with
the finding reported in previous exposure trialst. Side by side the fungal growtb,

. algal growth was observed at Bombay. = - SR

(b) During the course of isolation of organisms in the laboratory a large
number of bacteria appeared in the media in addition to fungi. They were
. rather numerous during the earlier part of the month (1951) and disappeared

later gradually. This is, no doubt, due to the fact that high moisture requirement
for bacterial growth can be met with on exposed fabric, only during monsoon.
* The bacteria, however, did not occur during the subsequent monsoon (1952)
of the exposure period. The non-occurrence of bacteria is to be associated with
the intense fungal activity and a parallel instance can be seen in the deteriora-
tion of a fabric buried in moist soil 1%, where bacteria flora are predominant
during early stages, but disappear with the gradual advent of the fungion the
fabric.

“(c) The fungal flora isolated from the exposed fabrics do not show any
notable difference in the types of fungi so far as the two localities are concerned.
About 20 important types of fungi have been found to occur at both the locali-
ties. Amongst these Aspergillus, Penicillium, Curvularia and Trichoderma are
the predominant genera. Nomn-sporulating forms, as also certain unidentified
types of Dematiaceae have also been found. These fungi were present on
fabrics irrespective of treatments/dyeing processes. Memnontella echinata and
Chaetomium sp. which have not been commonly accorded on exposed fabrics,
have been found to occur at both the localities,
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