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INTRODUCTION

Dyes and chemicals can account for 25% or more of the
total cost of running a dyehouse, so it is important that
they are stored and handled under conditions that rec-
ognise and maintairi their value. In the past, and in
some cases even now, the storage and handling of dyes
and chemicals has had a very low priority in the minds
of the dyehouse management. Yet Gailey and his co-
workers at ] & P Coats [1] showed back in 1974 with
their work on limits of accuracy that the way in which
products were stored could have a dramatic effect on
dyehouse performance. For example, some dyes, such
as CI Basic Blue 3, are capable of absorbing up to 13% of
their own weight in moisture under certain conditions,
and steps must be taken to minimise variability. Even
now, improvements in storage and handling have come
about more through the pressure of health and safety
legislation rather than by conscious decisions to improve
the situation.

There are, of course, constraints, because to have a
good system of storage with proper and clearly marked
segregation of products requires space, and many
dyehouses are old and cramped with space at a premium.
However, with modern techniques and systems, im-
provements can be made to any dyehouse and this paper
will attempt to describe some of the methods available.

Dyes and chemicals can arrive at a dyehouse in a
variety of packaged forms [2] as well as by bulk delivery.
Each of the suppliers have their own preferences and
there is little standardisation.

CONTAINERS FOR DYE POWDERS

The main types of containers for dye powders (including
granules and grains) are normally of the 25 or 50 kg size.

Steel drums

Sometimes the interior of the drum is lacquered or a
polyethylene liner is used to protect the dyestuff. They
have the advantage of being sturdy and can be rolled
like milk churns or palletised.

Fibreboard drums

These usually have a vapour barrier built into the board
or a polyethylene liner may be used. They can be rolled
or palletised but are not very robust and can easily be
damaged or punctured.

Cardboard boxes

Very heavy duty impact-resistant board is used with
polyethylene and/or metal foil liners. The square shape
makes for easy stacking and the lid is an integral part of
the design.

Plastic drums

These are made from either a heavy gauge plastic and
are free-standing, or they have a lightweight squared
design with a cardboard outer cover for easier, denser
stacking.

Polyethylene pre-weighed bags

In these containers the dyestuff is heat-sealed in poly-
ethylene bags to prevent ingress of moisture; 5 kg is the
usual weight but any can be specified to suit dye lot size.

CONTAINERS FOR LIQUID DYES

The containers commonly used are described below.

Steel drums

These are not ideal as the contents have to be removed
by jug or pump and the procedure can be messy. They
are usually of 25 or 50 kg capacity

Plastic drums

The tops of these drums can be either open or closed.
The latter have the advantage of being able to be fitted
with a tap so they can easily be used on racking or in
paternoster systems. Again the normal size is 25 or 50 kg.

Intermediate bulk containers (IBCs)
This type of container has become much more widely
used in recent years, but as they normally hold 1 tonne
of dye they are only recommendable for users of large
quantities of liquid brands. The model used for liquid
dyes has a high-density moulded polyethylene inner
container entirely covered with a thin metal (usually
aluminium) sheet for protection. They either stand on a
wooden pallet or have a pallet built into the base so that
they are easily loaded and moved by the fork-lift truck.
The product is completely sealed in the IBC until the
tap is fitted, which pierces a membrane. The position of
the tap in the moulding ensures almost complete re-
moval of the product. With a recessed tap there is little
danger of accidental damage or of it being inadvertently
knocked open.
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CONTAINERS FOR CHEMICALS

Sacks and bags

Sacks and bags used for chemicals usually holding 25 or
50 kg of product are made from plastic, paper or cloth.
They can be stored easily on pallets, but can also be
easily punctured or torn and the contents spilled. A new
alternative, if the quantities of chemicals are sufficiently
large, is to use a bulk storage bag made from woven
polypropylene. They are available for carrying loads
between 400 and 2000 kg. Lifting is by means of sewn-in
hoops, using either a crane or the forks of a truck. Dis-
charge spouts can be fitted to the base of the bag, and if
moisture is a problem coated bags are available.

Plastic drums

These are generally good for the whole range of liquids
including those that are corrosive. Normally available in
the range from 25 to 200 | capacity, they come in all
shapes: round, square, open-topped, closed-topped,
depending on whether they are to be used for pastes,
granules, powders or liquids. Closed-topped (tight-
headed) drums can be tapped and put on stands. Many
of these drums can be palletised, although retaining
bands may be necessary.

IBCs

As with dyestuffs, IBCs have become much more popular
in recent years for liquid chemicals, where the greater
volumes used in most dyehouses (of dyestuffs) have
justified their use. New models are being constantly
developed, most being designed to hold 1 tonne of
product.

Returnable type

A typical example of the returnable IBC is moulded in
polyethylene to a rounded square body held inside a
rigid steel frame. Steel sheets enclose the bottom half for
protection and it stands on four legs or on a built-in
pallet. Gaps in the frame show the level of the liquid,
although not always very clearly. This type of container
can be stacked two high and transported either by fork-
lift truck or crane.

Non-returnable type
This title is not strictly correct, but as the cost is only
approximately 20% of the returnable IBCs they are not
always returned to the supplier for cleaning. This is
particularly true of those used for export. The square
polyethylene body is enclosed in a wire mesh cage and
fixed to a pallet. The container is translucent so that the
level of the product can be seen at all times, although
black plastic is available for light-sensitive products.
IBCs have the advantage of ease of transportation
and storage compared with the 200 1 plastic drums they
have tended to replace. They are supplied ready tapped,
with taps that are recessed to avoid accidental opening
and are lockable.
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There are now demands that IBCs should not only be
‘one-way’, but also should be easily disposable to avoid
the cost of return transportation and cleaning. Certain
countries, such as Germany and Switzerland, will not
allow the final disposal of used IBCs on their territory,
for environmental reasons. Two methods of overcoming
this problem have been developed. Both use, in essence,
a plastic bag protected and supported in one case by a
plywood box and in the other by a simple wooden
frame and a heavy-duty plastic wrapper that goes round
the frame and restricts the bag to a certain size. In both
cases the bags are supported on pallets. Once empty
and taken apart the amount of packing for disposal is
very small.

BULK TANKER DELIVERIES

For quantities greater than 1 tonne a product can be
delivered by tanker and pumped directly into the
dyehouse storage areas. This method is ideal for liquids
but can also be used for many powders. As Holme
pointed out [2], the advantages of bulk delivery and
storage are:

(a) Lower prices

{b) Fewer deliveries

(c) Readily adaptable to automatic dispensing

(d) Less chance of running out,

but there are some disadvantages such as:
(a) High cost of stock

(b) Possible constraints on storage space

(c) Accessibility of dyehouse to large tankers.

With many bulk deliveries, safety is of paramount
importance and certain precautions must be taken, e.g.
(a) Ensuring that in the case of a tank leaking a bund or
pit can take the product

(b) Ensuring that the tank can take the delivery without
overflowing

(¢) Providing adequate venting for tanks where deliv-
ery systems use compressed air

(d) Providing an earthing point

(e) Marking the tank tank clearly with the product name
and nature of any hazard.

OFF-LOADING AT THE DYEHOUSE

Much of the technical literature concerning deliveries
emphasises the importance of reasonable, safe access by
the lorry or tanker to the unloading or discharge point.
In particular, the width of the road, the radius of any
corners and height of any archways or overhead piping
need to be taken into consideration. Unfortunately, many
dyehouses are old and were never designed to allow
access of the large wagons and tankers now favoured by
suppliers.

A report by the Health and Safety Commission [3]
stated that procedures should be established for the off-
loading of the different types of portable containers.
Written procedures should be adopted for bulk deliver-



ies which would cover access, earthing and coupling. In
all cases personnel must be aware of what action to take
in the case of spillages, ensuring beforehand that there
are facilities to wash away or soak up the spillage and
that face washes/showers are available to cope with any
splashes to the person.

Drums and sacks can be taken off at a loading bay,
which has facilities to unload the wagon at the correct
height at the side and/or the rear. Failing that, a tail-shift
on the wagon can allow the product to be lowered
slowly to the floor. Many items are now palletised and
can be quickly unloaded by fork-lift trucks.

A number of dyehouses still allow drums to be
dropped off the sides of the wagon onto tyres or pieces
of foam rubber on the ground - a highly skilled but
highly dangerous operation.

Having unloaded the product it must be removed to
a storage area. It has been said that dyes and chemicals
should be stored in clearly marked, designated areas,
which are of suitable standard and have adequate ven-
tilation [4].

The Control of Substances Hazardous to Health
regulations (COSHH) [5] have forced many dyehouses
to look afresh at the way they store and handle dyes and
chemicals. Firms have had to identify more clearly the
hazards of materials, assess the risks in storage/usage
and then decide what controls are necessary. At this
stage it is necessary that all material is clearly labelled
with:

(a) Product name

(b) Quantity

(c} Hazard symbols (where appropriate), see appendix
(d) Any internal codes used in the dyehouse,

and check weighed before it is moved into the storage
area.

STORAGE AREAS

The importance of clearly marked product bays has been
mentioned, with the emphasis on segregation [3]. In
some cases these areas will be located to satisfy health
and safety regulations, in others to aid the smooth run-
ning of the dyehouse. Temperature control may be
necessary to ensure adequate storage and working con-
ditions [2]. High temperatures may cause problems with
products softening or decomposing, and raised vapour
pressure above liquids may cause concern. On the other
hand low temperatures or frost may destroy emulsions.
If some heating is provided the relative humidity can be
reduced, for moist conditions can give rise to corrosion
of metal drums, caking and hardening of powders, and
formation of moulds which can obliterate labels.

Ideally storage areas should have sufficient room in
which to manoeuvre fork-lift trucks and sufficient height
to enable material on pallets to be stacked.

In the case of chemicals, segregation with well marked
designated areas is the key to efficient and safe storage.
Certain classes of chemicals should be stored totally

separate from each other and from any other chemicals

and anything combustible:

(a) Flammable liquids with a flash-point of less than
32°C

(b) Organic peroxides

(c) Oxidising agents, such as hydrogen peroxide, sodium
chlorite and sodium dichromate.

Flammable liquids have their own regulations [6] and a

fire-resistant building is necessary. A further list of sub-

stances which can be held in a general store provided

adequate precautions are taken would include:

(a) Flammable liquids with a flash-point between 32 and
55°C

(b) Flammable solids

(c) Combustible substances

(d) Corrosive substances

{e) Reducing agents, such as sodium dithionite and sod-
ium metabisulphite.

Corrosive substances such as strong acids and alkalis are
best kept in separate places where dispensing can take
place under controlled conditions with a plentiful supply
of water, face washes, shower, protective clothing and
safety buckets.

For dyestuffs a store should have [7]:
(a) A good floor
(b) Good access, preferably for fork-lift trucks
(c) Dry and frost-free conditions.

When moving stock from delivery to storage, items
can be given a bar code which specifically identifies
them [8]. They can then be followed through the
dyehouse, by means of bar code readers at each station,
and the information recorded used as part of a stock
control system. The theory and practice of stock control
has been described [2]. Weighing of dyes and chemicals
is now an integral part of computerised recipe storage
and retrieval systems, enabling demand for all the vari-
ous products used to be anticipated. With next-day de-
livery now practised by many suppliers, stock levels are
much easier to control and over-stocking is, perhaps, a
thing of the past.

WEIGHING OR DISPENSING AREAS

The next stage is the movement of the dye or chemical,
when needed, to the weighing or dispensing area. All
the achievable indicators support the view that the rec-
ommended approach of minimising exposure is the only
practical means of ensuring that dyestuffs (and chemi-
cals) present no unreasonable risk in use [9]. With this in
mind, the use of liquid dyes might be viewed as prefer-
able, although the UK Health and Safety Executive (HSE)
[10] is concerned about the accumulation of dried
spillages on floors giving rise to dust at a later stage.
However, if powders have to be used, granules, grains,
pellets or other non-dusty variants can be ordered.
Once drums of powder are opened it is essential to
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maintain temperature (20°C) and relative humidity (65%
r.h.) to keep the dye in good condition. CI Basic Blue 3,
for example, can absorb up to 13% of its own weight in
moisture [11]. So general air conditioning in the weighing
area (apari from the actual weighing point) is often
advised.

There are three basic ways to keep dye drums in the
weighing area. The first method involves storage on
the floor and/or racks with manual handling. This is
the traditional, standard method, with large drums kept
on the floor, perhaps on castors, medium-sized drums
inclined at an angle on the first level of shelving on a
rack, and small drums on the top shelf. Although the
drums on the floor can be wheeled to the weighing
station, the medium-sized drums cannot be moved
easily and dye is frequently carried in scoops to the
weighing area, with all the attendant problems of dust
and spillage.

The second method uses paternosters, which are
particularly applicable where floor area is limited but
there is no problem with headroom. The system com-
prises a rotary store in which the shelves holding the
dye drums are brought round to the weighing station.
In many cases the weighing station can be guided on
rails by the operator to the appropriate place on the
shelf. Suction apparatus fitted to this trolley ensures a
dust-free atmosphere for weighing powders. In the case
of liquid dyes, solutions can be dispensed directly into
containers. Paternosters can be linked to a computerised
recipe weighing system.

The third and most up-to-date method is robotic
handling, ideal where space is at a premium. The dye
drums are kept on trays in metal cages, which the robotic
system brings to the dye weighing station, under com-
puter control. The cages are usually deposited on a two-
station carousel, which presents the dye to the operator.
There is no waiting as the robotic arm is always looking
for the next-but-one dye, following a predetermined
recipe stored in the computer memory. If lack of space is
a severe problem the dye drum area can comprise verti-
cal shelves on either side of a robotic structure. There
can be up to 100 trays on the shelves, each tray holding
dye containers of up to 60 kg.

All these systems can be linked, some more success-
fully than others, to dye weighing booths. The HSE
would regard their use as essential to combat hazards
posed by airborne dusts. They rely on down-draughted
laminar air flow to carry any dye dust downwards, away
from the operator’s breathing zone, to alow-level exhaust
system. The booths are fitted with a variable-speed fan
and a magnehelic gauge, which monitors air flow,
matching the fan speed to the condition of the filters, in
order to optimise booth operation efficiency.

Most booths are fixed to the floor to ensure stability of
the weighing scales. Some dyestuffs can be stored within
the booth but the rest must be carried in from the stor-
age area, unless the booth is part of a drum retrieval
system. A variant is to mount the booth on rails that run
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between the racks of dyestuffs. Weighing accuracy is
claimed to be good [12].

HANDLING OF CHEMICALS AND
AUXILIARIES

The handling of chemicals and auxiliaries can be sum-
marised under four headings.

Bulk liquids

These are taken directly into dyehouse storage tanks.
From there they can be pumped or gravity-fed directly
to the dyeing machine or the dispensing area. Gravity
feeding has the advantage of simplicity but the layout of
the dyehouse will obviously dictate whether it can be
used. If pumps are used they must be fully resistant to
the chemical being transferred.

Whether glass, stainless steel or plastic pipes are used
depends on the liquid to be moved, and to a certain
extent on personal preference. Glass is easy to keep
clean [13] and the flow can be seen, but it can also be
broken relatively easily. Stainless steel is robust, but it is
not possible to see the flow and material can collect at
the welding points. Plastic is cheap, but is limited in
resistance to chemicals and can become brittle.

Liquids in drums
These are carried by truck or trolley to the dispensing
area. Drums weighing 200 kg are not easily transported
safely by fork-lift truck, but specially curved pieces are
available [14] that fit over the end of the forks to enable
the drum to be gripped firmly. Once delivered to the
dispensing area, the drums can be handled in a number
of ways:

(a) By using a drum-tilting device, which allows the
drum to be slowly emptied, usually into a holding
tank

(b) By using a dolly to stand the drum upright so that it
can be pushed easily around the dispensing area,
then fitting a displacement or rotary pump, which
can be self-priming and either manual or powered

(c) By laying the drum horizontally onto a stand and
fitting it with a tap and sight glass; using a lever
handle to tip the drum avoids heavy manual hand-
ling.

Bulk powders

From the storage silos bulk powders can be gravity-fed,
blown by air or carried by rigid or flexible Archimedes
screw pipes to the next stage. Delivery can be metered
directly to the dyeing machine or often to a pre-dissolving
unit. Here the amount added to the water can be auto-
matically controlled, either by specific gravity or by
conductivity measurements of the liquor.

Bagged powders
For small amounts, bags may be emptied directly into
the preparation tank. For larger quantities, where dust



might be a nuisance and where maximum exposure
limits (MELSs) pr occupational exposure standards (OESs)
[15] apply, automatic bag openers and emptiers are
available. The bags are fed on a conveyer belt into the
opener, which is totally enclosed, the powder then fall-
ing into a hopper from where it can be taken, as with
bulk, to the machine or dissolving unit.

LOCAL HANDLING IN THE DYEHQUSE

It may well be that a particular dyehouse is fully
equipped to take dyes and chemicals into a dispensing
area and from there directly to the machine, but many a
dyehouse is not and never will be, due to constraints of
size and money. So what are the alternatives available in
these cases to ensure that dyes and chemicals are hand-
led safely? Clearly the main objective is to protect the
operatives by reducing potential exposure. This could
mean just the provision of goggles, gloves and a bucket,
but hopefully, in a decent dyehouse, something more
will be done.

Dry materials should be ‘wetted out’ after weighing.
Alternatively if they are tipped into dissolving or dis-
persing vessels, the vessel should be fitted with local
exhaust ventilation [4]. Goodwin [16] has described a
system for transferring powdered dyes directly from
drums, by a vacuum receiver, into a metering device
that automatically weighs the colour formulation to
within 1% and delivers it to a make-up tank. The
system is enclosed and dust-free.

If buckets are used to carry material through the
dyehouse there is still a risk of spillage; the HSE now
insists that buckets used for carrying acids must be
equipped in some way with a lid to prevent splashes.
There are several devices on the market to meet this
demand:

(a) A stainless steel bucket that has had a folding lid
fitted

(b) A plastic bucket with a close-fitting deep lid

(¢) A small dust-bin like container with a swivel lid.

Having brought a bucket to the dyeing machine, lift-
ing it up by hand and pouring the contents into a
preparation tank or the machine itself is perhaps not the
safest course of action. There are, however, transfer
systems that can be used. The principle is to use a pump,
powered by electricity or air, to transfer the liquid from
the bucket or container to the machine. The pump itself
can be made from polypropylene or stainless steel to be
resistant to the liquids being pumped and should be
self-priming.

The pump arrangement can be a semi-permanent
assembly mounted on a trolley, possibly with a sump to
receive the contents of the bucket, which can be moved
from machine to machine. Alternatively a hand-held
pump can be stored in a wall bracket conveniently posi-
tioned for a number of machines. A fitting is also avail-
able that allows the pump to be clamped to the side of
the container to be emptied.

Another technique is the use of mobile dispensing
tanks for dissolving the dyes or chemicals in a dispens-
ing area. The tank is then moved to the dyeing machine
on castors and the contents pumped into the dyeing
machine.

Protective gear for the operative should be freely
available, although management should always be aware
that this is a last resort after all other alternatives for
handling have been considered.

EMPTIES

Once drums have been used they have to be disposed
of. Many companies ask for their return and some charge
deposits refundable on return, finding it worthwhile to
clean out all containers in good condition. For others
this practice is not economical, and means have to be
found for the dyehouse to dispose of the empty con-
tainers. Either way, space must be made available to
hold drums until they can be disposed of. Storage, in
this case, will be more dependent on destination rather
than on type of product, and all drums should have the
bungs reinserted to avoid spillage of the dregs during
loading onto wagons.

Disposal of non-returnable drums can be a problem
as the resale value is usually low, but some firms will
take them away, for free, to have them chopped into
granules for recycling. Bags may be burned or sent to a
landfill site. Collapsible IBCs can either be thrown away
or folded flat for return to the supplier.

Many bags and drums are delivered on pallets on
which a deposit may be charged. Care, therefore, must
be taken to clearly mark, segregate and record the pallets
from different companies so that they can be returned
and the deposits recovered.

CONCLUSION

There are now many choices in the way products are
delivered, stored and handled in the dyehouse. Equally
there is no shortage of equipment to handle dyes and
chemicals safely. The cost need not be high, but there
must be a will to ensure adequate safety, and manage-
ments should not be forced, belatedly, by legislation to
act.

It has been mentioned that many dyehouses suffer
from inadequately designed plant facilities, poorly
trained personnel and lack of suitable protective equip-
ment [13]. Large companies will always tend to lead in
improvements in storage and handling, as perhaps they
will have the management team to coordinate the task.
Smaller dyehouses will argue that there are always more
important things to do.

COSHH regulations have concentrated people’s
minds on the subject of safety, although there has been
a tendency to be daunted by the sheer volume of paper-
work involved and to forget why assessments are being
carried out in the first place [10]. With so many products
for a typical dyehouse to review, it has been brought
home to many managers that they are holding too many
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products in stock, probably for historical reasons. Here
the first step in improving storage and handling is to
sort out what items are really needed and to sell the rest.

Unfortunately there is no standard for storage of dyes
in the weighing area with regard to temperature, hu-
midity, etc. This is an omission that perhaps can be
rectified soon with joint consultations between dye
makers and dye users.

If the dyeing industry is to survive 1990s and beyond
it will have to become more professional, and giving
more attention to good, safe storage and handling will
play its part.
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APPENDIX

Hazard warning symbols

Substances which explode on
contact with flame or are more
sensitive to impact or friction than
dinitrobenzene. Hopefully these
products will not be too common
in the average dyehouse.

Explosi
L xplosive y
- ™ Substances which produce highly
exothermic reactions in contact
with other substances, especially
flammable or combustible materi-
als
Oxidisin
1 g J
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Flammable

Corrosive

Harmful

—

Irritant

Toxic

Extremely flammable

Liquids with flash-point below 0°C
and a boiling point of 35°C or be-
low.

Highly flammable

1. Liquids with a flash-point below
21°C

2. Substances which are spontane-
ously combustible in air at am-
bient temperature

3. Solids which readily ignite after
brief contact with flame or which
evolve highly flammable gases
in contact with water or moist
air.

Flammable
Liquids with a flash-point of 21°C
or more and below or equal to 55°C.

Substances which destroy living
tissue.

Substances which if inhaled, swal-
lowed or absorbed through the skin
can have limited effects on health.

Substances which cause inflamma-
tion on immediate, repeated or
prolonged contact with mucous
membranes or skin.

Very toxic

Substances which can cause ex-
tremely serious acute or chronic ef-
fects, even death when inhaled,
swallowed or absorbed through the
skin.

Toxic

Substances which can cause seri-
ous acute or chronic effects, even
death when inhaled, swallowed or
absorbed through the skin.





