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1. Abstract
The current research was undertaken on behalf of the Saskatchewan Alpaca Breeders Network
Inc. (SABN Inc.) funded through Canadian Agricultural Adaptation Program (CAAP).
Alpaca fleece needs to be washed and dried prior to mechanical processing. Drying is a very
sensitive practice to maintain the proper quality in terms of tensile strength, colour, and
glossiness or lustre of the fibre. The main component of alpaca fibre is a protein called
Keratin. This keratin is heat sensitive, a kind of biopolymer. It is important to dry the washed
fibre in such a way that the internal and external structure of the fibre is not damaged. To
avoid shrinkage care must be taken to not dehydrate the fibre by taking out the internal water
molecules present in the structure. Many processors are adopting a wool drying methodology
for alpaca fleece; however, the surface characteristics differ for each. No information for a
standard and effective drying process was found to better dry washed alpaca fibre. This study
attempts to develop a best practice drying methodology for alpaca fibre by experimenting with
various drying systems such as thin layer drying, microwave drying and drying by
dehumidification.
Considering that alpaca farming is a small scale cottage industry in Saskatchewan and the
lapse time between shearing and processing the fibre can be lengthy, an attempt has been
made to develop a simplified and efficient system where farmers can wash, dry and store their
fleeces to prevent deterioration prior to processing. Moderate drying around 35 to 50°C is a
suitable temperature to dry the alpaca fibre without damaging the surface characteristics.
The drying process involving a dehumidifier was found to perform best for small quantities,
up to 5 lb at a time. The dehumidifiers used in these tests had a capacity up to 50 lbs. The
dried fibre was then found suitable for processing in Belfast Mini Mill to produce batting,
rovings and yarn.
A second process of using microwave power for drying alpaca fibre was evaluated. Due to the
possibility of local heating, microwave could damage the physical properties such as
morphology, colour and strength of the fibre. It was found that hotspots and the degradation
of the alpaca fibre occurred at higher microwave power. At lower power levels, the moisture

content did not reduce significantly whereas at 400 W, the moisture content of the fibre
dropped to less than 1% in about 20 minutes. It is possible to regulate the microwave power
and use specially designed trays for microwave drying alpaca fibre.

The third method used was thin-layer drying. Washed alpaca fibre was dried at four
temperatures of 30, 50, 70 and 100°C with a constant absolute humidity of 0.0065 kg water per
kg dry air. Changes in the moisture content, and the effects on the fibre quality with respect to
colour, glossiness, surface characteristics, fibre separation and fibre processability were
investigated at each different temperature. The laboratory experiment set up was only for a
small quantity of fibre.

It appears that this method may not be feasible for large quantity

drying.

2. Introduction
The textile and fashion industries can create both exquisitely high end and ultra warm, durable
clothing using alpaca fibre. Alpaca fibre is known to be a readily available renewable,
biodegradable resource that is non-abrasive, hypo-allergenic, fire retardant, with a superior
wicking factor. The fibre has a high aspect ratio, high strength to weight ratio, good insulation
and mechanical properties making it a very desirable natural fibre.

The use of alpaca fibre is

still limited, however, due to its low volume of production in Canada, inconsistent availability,
variations in fibre character and quality as well as non-uniform processing that often diminishes
the quality of its end product.

Alpaca fleece should be washed using detergents to enhance

physical characteristics in terms of cleanness, odour, texture, colour etc.

Alpaca fibres, like most other animal fibre are protein based in nature. Its drying involves heat
and mass transfer of moisture both externally and within the fibre structure. It has two phases;
first phase is the constant-rate drying period where the external moisture is removed and the
second phase is the falling-rate drying period where fibre loses moisture very slowly and takes a
considerable time to dry. (Togrul et al., 2004). Due to the vapor pressure difference between the
interior and surface of the fibre, the excess water is removed first from the surface followed by
the internal moisture transfer from the fibre (Crank 1975). Thermal stability of the protein

depends on their respective fractional polar atom surface areas and the number and type of
hydrogen bonds present in the internal structure of the fibre that is responsible for the internal
moisture transfer (Vogt et al. 1997, Lopez et al. 2002).
Proper drying of alpaca fibre preserves properties and prolongs the shelf life. Conventional
heated air-drying is an energy intensive process with low efficiency to lower the input air’s
humidity level (Bannister et al. 1997). Most of the industrial dryers for small quantities of
alpaca fibre are expensive with low energy efficiency. It is, therefore, necessary to develop an
efficient and cost effective dryer and drying process for alpaca and other animal fibres.

3. Drying of Alpaca Fibre
The method used to dry alpaca fibre has a direct effect on its morphology, physical and chemical
properties. Alpaca fibre absorbs moisture from its surroundings just like cotton. It is important
for the alpaca fibres to be dried to an acceptable level prior to mechanical processing as the
absorbed moisture causes problems at the opening and carding stages. For mechanical
processing, conventional natural air and heated air drying are not efficient in terms of time and
economics. Producers and processors are using various types of drying methods such as natural
and machine drying which are commonly practiced in the wool industries.
The early alpaca processors normally used the natural drying process like exposing it to the
natural heat from the sun but present drying process requires drying with dryer in about 42°C at
a specific humidity level (Mellea 2001). Most drying systems for alpaca fibre have their own dry
cleaning refresher to improve the quality of the fibre in terms of odour (Jeanne 1999).

3.1.Natural Method
The natural methods of drying fibre are simple. The washed fleeces are placed on a rack to allow
water to drain from the fibre. Another natural method is to directly expose the fibre to natural
air/wind. Some producers use direct sun to dry their fibre. The natural method used for fibre
drying simply works on the principle of direct heat evaporation and ventilation from the
atmosphere.

Natural drying, which involves the direct exposure to heat and air is a very

demanding method as the temperature varies with time and cannot be controlled.

3.2 Machine Drying
After washing the fibre in the washing machine, the fibre is transferred into the spinning
machine. Excess water is removed before the fibres are transferred into the drying machines
such as an oven or cabinet where hot air is circulated inside the system.
There is not sufficient information on these methods for handling specialty fibre such as alpaca
due to theunavailability of standard drying procedures that maintain the quality of the fibre.

3.3 Dehumidifier Drying:
The Dehumidification drying system offers potential as it dries the alpaca fleece without
changing the properties of the fibre. A properly designed dehumidifier must be manufactured to
optimize process and product requirements. (Carrington et al. 2000b). It is important to
integrate the dehumidifier technology and the operational procedures to obtain an efficient and
appropriate drying system for any sensitive materials (Bannister et al. 1999). It is necessary to
know the materials that can be dried by using this technology. A w ide variety of products,
including timber, fruit and fibre are more suitable for dehumidifier dryers (Davies et al. 2001).
Several prototype and custom- m a d e dehumidifiers are available for special applications with
heat sensitive materials (Chen et al. 2002). Previous works on drying indicate that dehumidifier
drying improves product quality and reduces energy consumption (Carrington et al. 2000a,
Carrington et al. 2000b, Bannister et al 1998). An attempt has been made to develop a standard
procedure for small producers to dry their fleece in a dehumidifier chamber. It is anticipated that
this process will preserve the fibre properties and prolong fibre shelf life.

3.4. Microwave Drying:
Microwave technology is becoming popular for drying various agricultural products. Microwave
d r y i n g has been proven to be environmentally friendly, and energy efficient (Decareau, 1985).
One of the major disadvantages of microwave drying is the non-uniform heat distribution and
hot spots within the material (Reddy et al. 2005). From an economic point of view, microwave
drying is fast and its power can be regulated to dry alpaca fibre suitable for processing mills.
Proper design and use of rotary fibre handling trays can solve problems a n d overcome the

uneven heat distribution and hot spots in the fibre. (Krazewski and Nelson, 2004). Microwave is
being used to determine the moisture content of the materials accurately (Stegen et al. 1986).
Microwave drying is one of the possible additions to the existing processes for d r y i n g alpaca
fibre to reduce energy consumption, time and preventing degradation of the fleece.

3.5.Thin-layer drying:
Thin-layer drying can also be considered for drying alpaca fibre. Earlier producers were using
thin-layer solar/wind drying methods for animal fibres. Currently, the thin layer drying is being
used in a mechanically controlled environment; however, there is not sufficient information or
standards f o u n d for drying alpaca fibre. It is, therefore, important to investigate this method

4.Objectives:
The objectives of this research were to investigate the following processes for drying alpaca
fibre:
1. Dehumidification process;
2. Microwave process;
3. Thin-layer drying process.

5. Materials and Methods:
The alpaca fleece was washed with detergent and rinsed properly with water and placed in a
perforated wire mesh to remove the extra water through the gravitational dripping process prior
to drying.

5.1.Dehumidifier drying:
A simple industrial scale dehumidification drying cabinet was designed and developed to dry
alpaca fibre by using commercially available dehumidifiers at the university pilot plant. It
consisted of two drying compartments with 8 drying shelves and would accommodate 20 kg of

wet alpaca fibre. The use of the drying compartment with the dehumidifiers allows a large
amount of fibre to be dried at regulated temperatures. The dehumidifying capacity of the
chamber is 19 L of water per day with power rating 2x424 W, condenser pressure 2x2.03 MPa
and evaporator pressure 2x 0.97 MPa. Thermocouples were mounted to measure air
temperature. The relative humidity was measured using RH sensors located in the
dehumidifying chamber.
Experimental procedure: The washed fibre was kept at room temperature till the moisture
content reached an equilibrium level of 62% (w.b.). A mass of 454 g of wet fibre was uniformly
distributed over the perforated fixed tray in the dehumidifying chamber with an approximate
layer thickness of 30 mm. The drying was continued for 6 hours each at 35°C and 50°C
temperatures. Figure 1 shows the drying chamber for the alpaca fibre with the dehumidifier.

Figure 1. The dehumidifying chamber for drying of washed alpaca fibre
The drying weight loss was measured at time intervals of 60 minutes by taking out the total fibre
from the chamber and weighing with an electronic balance. The fibre was placed back in the
chamber to continue drying. Each time this measurement took 30 to 45 seconds.

The moisture

content was calculated by using the weight loss and initial moisture content as seen in Equation
1.

Mt =

M i mi − wi
mi − wi

(1)

Where, Mt = moisture content at time t (%w.b.), Mi = moisture content (%w.b.),
mi = initial weight (g), wi = weight loss at time t (g)

The surface morphology was investigated by using the scanning electron microscope (SEM
505, Philips, Holland) to analyze changes in the structure of the dried fibres. The materials were
first coated with gold using an Edwards S150B sputter coater (BOC Edwards, Wilmington, MA)
to make the sample conductive. The layer of gold coating did not affect the resolution. The
micrograph provided the information about the fibre quality and cleanness.

5.2 Microwave Drying:
Prior to drying with microwave heat, the initial moisture content of the fibres was measured by
following ASTMD 1576-90 (oven-drying method).

Washed alpaca fibre samples were dried

in a vacuum oven at 105ºC for 24 h and the initial weight and moisture content was calculated
into a percentage on wet basis.
The microwave oven (Model NN-S604, Panasonic Canada Inc., Ontario, Canada), operating at
2450 MHz was used for the experiments. Four special holes were drilled in the microwave wall
for placing fibre optics probes for temperature measurement. A rotating polypropylene fibre tray
was suspended inside the chamber with a Teflon thread to measure the weight loss. The output
power was controlled from 100 to 500W.
A 50g sample of washed fibre was placed on the tray. Experiments were conducted at different
power levels in revolving modes from 100 W to 500 W with an interval of 100 W. Weight
changes of the fibre were measured at 1 min intervals. The increase in the internal temperature
of the fibre was also measured immediately at the end of each heating period. Quality of the
fibre was periodically observed for any hotspot due to overheating.
Maintaining true colour is critical to the fibre quality therefore colour was carefully observed
during the microwave experiment. The colour change of the alpaca fibre was determined by

measuring the L, a, and b coordinates. L is the lightness indicator while a and b are the
chromacity coordinates. The changes in the colour of the fibre were measured using a colour
analyzer (Hunter Lab, Hunter Association Laboratory Inc., Reston, Virginia).

5.3 Thin-layer dryer:
The thin-layer dryer consisted of a closed circulated chamber, a controllable fan, a three-tray
drying cabinet, and an air-circulating duct. Figure 2 presents the schematic drawing of the dryer.
More pictures of the apparatus are given in Appendix A. This thin layer dryer consists of an air
conditioner to regulate the temperature and relative humidity (Model AH-213, Bryant
Manufacturing Association, MA, USA). The speed adjustable fan controlled the airflow rate at
1.0 m/s throughout the experiments. The trays were mounted on a precision digital electronic
balance connected to a computer for measurement. The drying air after passing over the fibre
was returned to the air conditioner for reconditioning and recirculation.
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Figure 2. A schematic diagram of the thin-layer dryer, A: air conditioner chamber, B: a speed
adjustable fan, C: drying tunnel, D: three perforated trays, E: electronic balance, F:
PC, G: air tunnel.

For performing the experiments, the initial moisture content was 62% (w.b.). A 100g
sample of moist fibre was uniformly spread over the perforated trays with a layer thickness of
08mm that was exposed to drying.
Prior to conducting each drying experiment to achieve the steady-state conditions, the dryer
was adjusted to the desired drying temperatures of 25°C, 50°C, 75°C and 100°C. Moisture
loss was recorded at 1 min intervals during the drying process. Drying was continued until no
further changes in the weight were observed.
For each drying experiment, the moisture ratio MR values were calculated using Equation 2.

MR =

M − Me
M0 − Me

(2)

Where, MR moisture ratio, M moisture content at any time of drying (% w.b.),
Me is the equilibrium moisture content (% w.b.), and Mo is the initial moisture content (%
w.b.) of the alpaca fibre.

6. Results and Discussion
6.1 Dehumidifying drying:
The normal temperature for dehumidifying drying is usually 30°C. Some preliminary
experiments were conducted and the best drying temperature was determined in the range of
30-50°C. At this temperature range, the internal composition and tensile strength of the fibre
was maintained. The alpaca fibre should be allowed to dry in a steady and moderate
temperature to sustain and improve the physical properties. The drying process should not
destroy the composition of the fibres while removing outside moisture. The process should
maintain the moisture inside the fibre structure. Figure 3 shows that after 6 hours of
drying at 35°C, the moisture reduced to 12% (w.b.) and to 10% (w.b.) at 50°C.

Figure 3. The dehumidifier drying of washed alpaca fibre as a function of moisture content and
drying time.

The dehumidifier drying process reduced moisture to the acceptable level within a
reasonable time period. It was noticed that closely packed fibre in the trays increased drying
time compared to fibres that were evenly spread in thin layers 1.5 cm relative to
dehumidifying capacity. It is also noted that the fibre dried in this process had less breakage
during mechanical processing. This demonstrated that t h e strength of the dehumidified
dried fibre is acceptable for processing.
In general, in the mechanical drying process, the drying rate is faster in the beginning and
reduces at later stages (Bannister 1998). The moisture removal is an exponential function.
However, in the dehumidification drying process, moisture removal is at a more uniform
rate throughout the process (Stanish, 1988). Dehumidification temperatures of 35°C or 50°C
are not high enough to excite the internal water molecules of the f ibre thus maintaining
fibre quality. As a result the i n t e r n a l moisture is not reduced to 0% but stays around
8-12%. With fibre properties staying intact, the fibre is good for mechanical processing.
Therefore, dehumidification drying is one of the most effective drying processes that can be

used for alpaca or any other protein fibre. Figures 4 and 5 show the morphology of washed
dehumidified dried alpaca fibre at 35°C and 50°C.
The SEM micrograph of the dried fibre shows the smooth, glossy and clean surface. This is
due to the removal of moisture only from the surface of the fibre but not the moisture from
the internal structure. T h e r e f o r e t h e dehumidification process did not dehydrate the
fibre. It was also observed that the fibre changed to a fluffy texture with no shrinking or
binding to each other making it easy to process through the opener and the carder.

Figure 4. SEM micrographs of dehumidified detergent washed (Tide) alpaca fibre surface at
35°C.

Figure 5. SEM micrographs of dehumidified detergent washed (Purex) alpaca fibre surface at
50 ˚C

6.2. Microwave drying:
L, a, and b colour values from the detergent washed experiments are tabulated in Table 1. The
control data of only water washed fibre is given in Table 2 and its graph is shown in Figure
6. The graph of L, a, b data of detergent washed fibre versus temperature is shown in Figure
7. Colour values L, a and b demonstrated that alpaca fibre changed colour starting around
130°C. Some hot spots were observed due to uneven heat distribution resulting in lower L
values. Figure 8 shows the drying curve of detergent washed alpaca fibre from 200 to 500 W
power levels that produce temperatures from 70 to 230.

Table 1. The average L, a, b values of the detergents washed fibre at different temperatures
Temperature

L

a

b

70

75.2

1.1

10.1

90

75.2

1.1

10.1

110

73.

1.3

10.9

130

71.6

1.4

12.9

150

67.2

3.1

21

170

62.6

8.4

28.5

190

42.8

10.1

22.9

210

16.4

1.7

2.1

(°C)

Table 2. The L, a, b values of the plain water washed fibre at different temperatures
Temperature

L

a

b

70

73.73

1.1

10.56

90

73.14

1.21

10.02

110

72.2

1.55

13.6

130

65.64

3.4

21.64

150

54.33

11.25

30.76

170

49.38

11.16

28.56

190

16.75

0.35

0.67

210

15.35

0.30

0.61

(°C)
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Figure 6. The change in the L, a, and b values of control (water washed) alpaca fibre vs.
temperature
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Figure 7. The trends of change in the L, a, and b values of detergents washed alpaca fibre vs.
temperature

Figure 8 shows the drying curve of detergent washed alpaca fibre at 200 w to 500w power
levels.

Figure 8. Microwave drying characteristic of alpaca fibre vs. moisture content at different
microwave power levels
The rate of drying increased with t h e increase of mw power levels. At the power level of
400 W, the moisture content of the fibre reached close to 0% in 5.5 min. It was observed that
the 500 W power level created many hot spots due to resulting higher temperatures above
170°C. Therefore, the 500 W power level was not used after 4.5 minutes. At 400 W power
level some colour changes were observed as temperature reached beyond 130°C. This may be
due to degradation of the protein structure of the fibre and also due to oxidation of the fibre
at higher temperatures. It is recommended that mw drying be used with an appropriate power
level and proper design of the sample holder, such as a rotating sample holder.

6.3. Thin-layer drying:
Figure 9 shows moisture ratio changes versus drying time of the washed alpaca fibre for the
four drying temperatures i.e., 25°C; 50°C, 75°C, and 100°C. The moisture ratios determined
from the drying data were plotted against the a m o u n t o f time it took to dry the fibre for
t h e 4 different drying temperatures.

Figure 10 shows the moisture ratio changes during t h e drying times of the water only
washed alpaca fibre for the four drying temperatures i.e., 25°C; 50°C, 75°C, and 100°C.
Both figures 9 and 10 show the trends of drying as a decreasing exponential function for
drying alpaca fibre. It was observed that at higher drying temperatures the alpaca fibre
dried faster than at lower temperatures

Figure 9. The thin layer drying progression of detergent washed alpaca fibre as a function of
drying temperature (moisture ratio vs. time).

Figure 10. The thin layer drying progression of water washed alpaca fibre as a function of
drying temperature (moisture ratio vs. time).

The times for reaching the equilibrium moisture content (Me) at different temperature are
tabulated in Table 3.
Table 3. Summary of washed alpaca fibre drying data for thin-layer drying
Temperature

Relative humidity

Me

Drying time

(°C)

(%)

(% w.b.)

(min)

25

23.2

7

360

50

9.0

5

330

75

3.5

1.2

190

100

1.0

0.2

122

The equilibrium moisture contents for drying alpaca fibre were 7, 5, 1.2, and 0.2% w.b., at the
25, 50, 75, and 100°C drying temperatures respectively. Drying times to achieve the
equilibrium moisture contents were 360, 330, 190, and 122 minutes respectively.

However, the visual quality at higher temperature was not impressive as it looked dull and the
fibre breakage was higher during processing. It may be due to the impact of heat and duration
of time to completely dry the fibre internally and externally. At temperature levels of
25-50°C, the fibre quality looked better and was acceptable for further processing.

7. Conclusions:
Drying is an important process after washing alpaca fleece for producers and processing mills.
The alpaca fibre dried with the dehumidifying process was glossy, fluffy and smooth. The
moisture content of the fibres was between 8-12 % w.b. and was appropriate for mechanical
processing. SEM micrographs indicated the smoothness of t h e fibre surface. The
Dehumidification process offers a potential drying system to manage fibre quality in a
well-controlled drying regime while reducing energy consumption. It is an economically
viable and inexpensive drying method that can be easily adopted by producers and processors
to conserve the properties of alpaca fibre.
Drying alpaca fibre using microwave energy indicated that the fibre can be effectively dried
using the experimental microwave with a maximum power of 400 W. At this power level,
the drying process took 5.5 minutes and the moisture content of the fibre reduced close to 0%.
The colour analysis experiments indicated that the discolouration of the alpaca fibre started
around 130°C. Microwave drying with proper design can be implemented for drying alpaca
fibre with benefits of requiring shorter time and using less energy.
During thin-layer drying, the drying time decreased from 360 to 122 minutes with an increase
in the drying air temperature from 25 to 100°C. The quality of the fibre at higher temperature
was not acceptable in terms of glossiness/brightness and smoothness. The fibre dried at
higher temperature a l s o resulted in breakage during processing.
Over all, dehumidification drying is the recommended drying method for alpaca fibre as
concluded from these experiments, The process is simple.

The drying chamber can be

built easily at low cost a n d can be adapted fomr small scale producers to large processing
mills.
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APPENDIX
Photographs of the dehumidifier drier used for alpaca fibre drying experiments.

Figure A1. Dehumidifying chamber overall view alpaca fibre drying

Figure A2. Dehumidifying chamber inside view of racks for alpaca fleece with dehumidifier.

Figure A3. Scanning electron microscope used for alpaca fibre surface characterization

Figure A4. Microwave drier: Sample holder used for alpaca drying experiments

Figure A5. Hunter lab colour analyzer (Lab Scan II) : used for colour measurement of alpaca
fibre

Figure A6. Thin-layer dryer machine used for alpaca fibre drying

Figure A7. Thin-layer dryer used for drying alpaca fibre

