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Foreword 
 
Australia has great potential for a viable alpaca fibre industry. The Australian Alpaca Association 
(AAA) was founded in 1989 to provide co-ordination for a growing national herd of high quality 
alpacas in Australia and to enable a viable and sustainable animal and fibre industry. The Alpaca Co-
operative P/L (Alpaca Co-op) was established in 1995 to market products derived from alpaca fibres. 
Both organisations promote alpaca fibres and products in Australia as well as overseas. Australia has 
sound pastures and modern technologies for breeding the best stocks and currently has the largest 
alpaca herd outside South America. There is also an increasing interest in luxury fibres among fashion 
houses. The alpaca fibre industry in Australia is still very young and relatively small compared to the 
wool industry, and there has been strong desire to process alpaca fibres in Australia on the established 
wool processing systems. Knowledge on luxury fibre processing is often kept secret by international 
processors who have the know-how. Local industry needs to understand the properties of Australian 
grown alpaca fibres and their processing performance, so that the industry can market the fibre 
effectively and export high quality alpaca fibre products. 
 
The overall objective of this research project is to evaluate the properties of Australian alpaca fibres, 
examine their processing performance, and improve the quality of alpaca products.  
 
This project was funded from industry revenue and funds provided by the Australian Government. 
 
This report is an addition to RIRDC’s diverse range of over 1000 research publications, forms part of 
our Rare Natural Fibres R&D program, which aims to facilitate the development of new and 
established industries based on rare natural fibres. 
 
Most of our publications are available for viewing, downloading or purchasing online through our 
website: 
 
 downloads at www.rirdc.gov.au/reports/Index.htm  

 purchases at www.rirdc.gov.au/eshop 

 
 
 
Simon Hearn 
Managing Director 
Rural Industries Research and Development Corporation 
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Abbreviations and Their Units 
Abbreviation Meaning Units 
SF Superfine alpaca fibre  
F Fine alpaca fibre  
M Medium alpaca fibre  
S Strong alpaca fibre  
W White alpaca fibre  
F Fawn alpaca fibre  
BR Light brown alpaca fibre  
DKBR Dark-Brown alpaca fibre  
BLK Black alpaca fibre  
RG Rose grey/Roan alpaca fibre  
G Grey alpaca fibre  
AAA Good average length alpaca fibre  
AA Short length alpaca fibre  
A Very short alpaca fibre  
OG Overgrown alpaca fibre  
WY Washing yield % 
Grease Grease content % 
Resid. G Residual grease content % 
SL Staple length mm 
SLCV CV of staple length % 
CVH Coefficient of variation of fibre length % 
MFD Mean Fibre diameter µm 
CVD Coefficient of variation of MFD % 
AE30 Percentage of fibres coarser than 30 µm % 
SPNFine Spinning fineness µm 
Fe Effective fineness µm 
CUR Fibre Curvature °/mm 
%MED Percentage of medullated fibres % 
M.MED Mean diameter of medullated fibres µm 
RtC Resistance to compression Kpa 
SS Staple strength N/Ktex 
POB Position of Break % 
VM  Vegetable matter contamination % 
UnBL Unbleached alpaca tops or yarns  
BL-I Tops or yarns bleached with Bleach (method) I  
B L-II Tops or yarns bleached with Bleach (method) II  
CVm Coefficient of variation of mass % 
H Hairiness value  
sh Standard deviation of hairiness  
DR Deviation rate % 
RH or r.h. Relative humidity % 
OFDA Optical Fibre Diameter Analyser  
SIFAN Single Fibre Analyser  
SEM Scanning Electron Microscope  
IFC International Fibre Centre  
AAA Australian Alpaca Association  
RIRDC Rural Industries Research and Development 

Corporation 
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Executive Summary 
 
Introduction 
Alpaca fibre is soft, luxurious and has a range of natural colours and good strength. Australia has great 
potential for a viable alpaca industry with sound pastures and modern technologies for breeding the 
best genotypes. For the development of Australian alpaca fibre industry, there has been a strong 
demand for research into fibre properties and processing, as well as product development along the 
value-adding chain. This is the first major research project, funded by RIRDC, to assist the Australian 
alpaca industry and fibre processors, to develop better understanding of the fibres and their processing 
performance.  
 
The key project components and findings are summarised in the following sections. 
 
Alpaca Fibre Properties and the Benefit of Improved Classing Practice 
Australian alpaca fibre was traditionally classed into broad micron and length ranges due to the small 
quantity of fibres available. A range of properties of the alpaca fibres, grouped according to colour, 
length, and fineness were examined objectively to demonstrate the benefit of improved classing 
practice. The results in this study have shown that the traditional broad classing leads to large 
variations in fibre properties such as fibre diameter and staple length within the classing lines. The 
Australia alpaca fibre industry has started to adopt a new classing practice with tighter micron ranges 
and more clearly defined length groups during the course of this research program.  
 
Australian white alpacas have less medullated fibres than overseas alpacas. The staple strength of 
Australian alpaca fibres is significantly higher than that of wool staples and the strength of single 
alpaca fibres is also marginally higher than that of wool fibres of similar diameter. The within fibre 
diameter variation in alpaca fibres is lower than that in wool fibres. 
 
Alpaca Fibre Scouring 
Scouring is one of the key issues for the alpaca industry. Several alpaca scouring trials have been 
conducted to identify an efficient alpaca fibre scouring method. Results of solvent extractions, ash 
contents and fibre yield indicate that there is no significant difference between the scouring regimes in 
terms of scouring performance. All scouring methods examined can achieve satisfactory removal of 
grease. However, no methods can achieve an ash content below 1%. The high ash content may affect 
the processing performance of alpaca fibres. Dedusting greasy alpaca fibres can remove about 2% 
dust, reduce the dust level around the scouring machine and improve scouring efficiency slightly. 
Scanning Electron Microscope (SEM) study revealed that fine dust particles may be bound with the 
fibre surface, making them difficult to remove. Alpaca fibre has a higher scouring yield (around 90%) 
than greasy wool. 
 
Conventional wool scouring regime or the wool scouring regime with a low level of detergent 
application can be used for alpaca fibre scouring.  
 
Processing Performance of Alpaca Fibres 
Three trials have been conducted to examine the performance of alpaca fibre processing. For all trials, 
the production rates of carding and combing alpaca fibres were well below the wool production rate. 
This was necessary to minimise fibre damage and reduce processing problems. 
 
Both carded and combed alpaca slivers lack fibre cohesion. This creates problems for the sliver 
transfer and delivery. Two approaches have been attempted, strengthening the sliver cohesion by 
adding twists and shortening the distance the sliver has to travel. Single alpaca rovings also lack 
strength. The rovings should be coarser than 600 tex to prevent roving breakage during spinning. 
Blending alpaca fibre with wool adds the value of wool fibre and enhances the processibility of alpaca 
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fibre. The wool component is beneficial to the strength of the blend due to the much higher crimp of 
wool in the blend. 
 
The mean fibre diameter (MFD) increases by about 0.5-1µm as the processing of alpaca fibre proceeds 
from carding to top stages. The combing noils are 1-3µm finer than the alpaca tops. This makes tops 
coarser than the pre-combing slivers. 
 
A high ash content on the scoured fibre and high moisture content for reducing the static problem can 
cause significant residual build-up on the gilling machine front rollers. As such, problems were 
encountered with sliver periodically jamming in the coiler during each gilling passage. Achieving low 
ash content is a major task for alpaca fibre scouring. 
 
Static build-up results in frequent machine stoppages and a high mass variations in slivers, rovings and 
yarns. Maintaining the correct processing conditions is also very important for the quality of alpaca 
slivers and yarns. The relative humidity in the processing mill should be maintained at a level higher 
than 80% to minimise the static problems. 
 
Quality Comparison of Alpaca Yarns from Different Sources 
The quality of alpaca tops and yarns was assessed. Test samples were commercial products 
manufactured overseas and by local fibre processors, plus experimental samples. The test results could 
assist with the benchmarking of product quality for Australian alpaca fibre industry. 
 
The fibre diameter in an alpaca/wool blend is usually coarser than the wool fibre diameter. In an 
overseas alpaca/wool blend, the MFD of wool fibre is up to 3µm finer than the alpaca fibre. Australian 
alpaca fibre processors use wool fibre 7µm finer than the alpaca fibre in an alpaca/wool blend. A sliver 
linear density of approximately 25 ktex is commonly used for alpaca tops. Fine alpaca fibre can 
produce more even tops than coarse alpaca fibre. 
 
The twist factor of single alpaca yarns affects the yarn strength and fabric handle. As the twist factor 
increases, yarn strength increases (up to a limit), but fabric handle gets worse. Low twist yarns break 
easily during spinning and knitting. In addition, when using yarns with the same twist factor, knitted 
alpaca fabrics shed more fibres than wool fabrics. An overseas yarn manufacturer used a twist factor 
of around 100 (Metric) for single yarns. However, local fibre processors use a twist factor less than 90 
for all singles yarns. For all folded yarns, the twist factor is less than 70. The selection of alpaca yarn 
twist factor should therefore depend on the application of the yarns. Unlike knitting wool yarns that 
have a twist factor of less than 80, it is suggested that knitting alpaca yarns have a minimum twist 
factor of 80, in order to maintain an acceptable strength for knitting. 
 
Alpaca Yarns with Improved Softness 
Spinning results indicated that low twist factor yarns, which are softer than high twist factor yarns, 
could be engineered. However, reducing yarn twist level increases ends-down during spinning. Results 
of alpaca fabric handle subjective assessment showed that reduced twist factor did improve fabric 
softness, but low twist yarns broke easily during knitting. It is therefore expected that fibre processors 
would experience difficulties for low twist factor yarns and knitters would prefer relatively high twist 
yarns. 
 
Sirofil was employed to produce low twist factor yarns using alpaca/wool blends twisted with a nylon 
filament in a single operation during yarn spinning. The Sirofil yarns of alpaca/wool/nylon are 
stronger and have larger extensibility and rupture energy than their corresponding normal ring spun 
yarns. More importantly, the Sirofil yarns have a low initial modulus, and hence the yarns are softer 
than normal ring spun yarns. 
 
Blending alpaca fibre with high-crimp superfine wool fibre can enhance fibre processibility of a blend 
and the comfort of yarns.  
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Understanding of the Softness Attributes of Alpaca Fibres 
To achieve objective measurement of alpaca fibre softness, the usefulness of testing method 
(Resistance to Compression) for wool was evaluated. This study has demonstrated the profound 
difference between wool and alpaca fibres in their resistance to compression (RtC) behaviour, which is 
surprising, considering both are animal fibres. The RtC value of scoured alpaca fibre (in the range of 
25-30µm) is about 5kpa on average, which is much smaller than that of most fine and super fine wool 
fibres (17-20µm). The resistance to compression is highly co-related with the curvature of wool fibres, 
but this co-relation is not as apparent for alpaca fibres. In comparison to wool, alpaca fibres have 
much lower curvature and scale protrusion, which reduce the bulk of the fibre mass and its frictional 
resistance under compression, both leading to reduced resistance to compression. This study suggests 
that the results from the current resistance to compression test method are not suitable for low-
curvature alpaca fibres, and it is not a good softness indicator for fibres of varying diameters. Many 
factors should be considered together for softness assessment, such as fibre surface properties and 
mechanical properties. 
 
A new testing method for evaluating fibre softness was introduced and a testing rig for the softness 
measurement of fibre bundles was developed in this study. The new softness testing method can 
achieve good discrimination between fibres of varying levels of softness, such as alpaca and wool, 
based on the measured specific forces of pulling a fibre bundle through a series of pins. The specific 
pulling force reflects the combined effect of fibre surface properties, fibre diameter and fibre rigidity. 
Fibres with finer microns, lower bending modulus and smoother surface have a lower specific pulling 
force and are softer, and the effect of fibre crimp or curvature on the specific pulling force or fibre 
softness is small. Preliminary results also showed that alpaca fibre could have the same softness as 
wool fibre that is up to 12µm finer. Further research is warranted in this area. 
 
Alpaca Fabrics Softness and Pilling 
The softness of fabrics is affected by many factors such as yarns and fabric structures. Fabrics were 
knitted using yarns of different twist factors and types and their handle was assessed subjectively. For 
the yarns with the same twist level, alpaca fabrics are softer than wool fabrics, even when the mean 
fibre diameter of alpaca fibre is coarser than that of wool. Fabrics knitted with low twist alpaca yarns 
or yarns engineered with finer alpaca fibres have softer handle than high twist or coarser fibre yarns. 
Alpaca fabrics are softer than alpaca/wool blends of the similar specifications. 
 
Knitted alpaca fabrics have less propensity to pill, but their surface is fuzzier than wool fabric. Pilling 
performance of alpaca fabrics improves when the yarn twist is increased. 
 
Bleaching of Pigmented Alpaca Fibres and Dyeing of Bleached Fibres 
Progress has been made in bleaching of coloured alpaca fibres and dyeing of the bleached fibres. Two 
bleaching methods for dark coloured alpaca fibres are evaluated in this report. The bleach method-I 
(BL-I) uses half the concentration of H2O2 used in bleaching method-II (BL-II). A trial has been 
conducted to bleach dark brown (DKBR) alpaca tops/yarns and dye the bleached product. Both 
bleached and dyed tops were then engineered into yarns. Bleached dark alpaca fibres provide a good 
base for dyeing the fibres into a more attractive medium or deep shades. These shades will enhance the 
value of dark coloured alpaca. The bleaching method-I leads to a good finished top that retains the 
strength of the untreated brown alpaca fibres. This method causes less fibre damage and should be 
used where retaining the properties of the alpaca fibre is important. Fibre bleached with method-I has a 
reduced lightness and better chromaticity than that with method-II. Fibre bleached with bleaching 
method-II exhausts less dye than BL-I. The wash fastness of the finished products from BL-II is on 
average 1 grey scale unit poorer than BL-I, and the dyed top does not maintain the depth or clarity of 
the colour after laundering. 
 
Bleaching and dyeing of the alpaca fibre causes a reduction in yarn tenacity and elongation. When 
colour reduction in pigmented fibres becomes more important than fibre damage, moderate losses in 
strength can be offset by the advantages offered by bleaching.  
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Bleaching method-II leads to about 2.3µm reduction in mean fibre diameter. This increases the 
number of fibres in the cross section of the BL-II yarns of a given count. This results in an 
improvement in yarn evenness and strength. But yarn hairiness also increases. The increased fibre 
damage recorded for BL-II may have contributed to the higher level of hairiness of the bleached and 
bleached/top dyed yarns. 
 
Fibre surface modification and scale removal due to bleaching affect the speed of fibre moisture 
absorption. Bleached alpaca fibre is quicker to absorb water from the air in the first few hours after it 
is removed from drying. 
 
It is recommended from this study that a lower concentration of hydrogen peroxide (such as that used 
in BL-I) can be used to minimize fibre damage but still achieve a light colour base for dyeing 
pigmented alpaca fibre. The process of top bleaching then yarn dyeing is recommended to reduce yarn 
strength and evenness problems associated with the top bleached/top dyed fibre. 
 
Fibre Curvature and Alpaca/Wool Blend 
Fibre curvature has become an important fibre attribute to the fibre processing performance and its 
end-product quality. This report studied the fibre curvature of wool and alpaca fibres and their changes 
during the early stage of fibre processing. The performance of alpaca/wool blend yarns and fabrics has 
also been investigated. The curvature of scoured alpaca fibre is normally much less than half the 
curvature of scoured wool fibre. Like wool fibre, the curvature of alpaca fibre decreases as the mean 
fibre diameter increases. 
 
During early stages of alpaca fibre processing, alpaca fibre has less curvature reduction compared to 
wool. Curvature reduction in alpaca tops is about half as much as that in wool fibre. Fibre/pin 
interactions or edge crimping may generate excessive curvature, such as during carding. Alpaca top 
relaxation in warm water could remove the generated curvature, particularly in tops manufactured 
from medium and strong alpaca lines. 
 
Alpaca fibre has low crimp and its surface is smooth. This makes the alpaca fibre difficult to process, 
particularly during fibre/sliver transfer. Blending alpaca fibre with wool improves the cohesion of the 
blend sliver, especially when alpaca is blended with high-crimp wools. For a high ratio of alpaca 
component in the blend, high-crimp wool should be used to improve sliver cohesion. 
 
Fibre curvature in the alpaca/wool blend is smaller than that in wool component. After relaxing the 
blend tops in warm water, the curvature in the blend is still smaller than the relaxed wool. 
 
There is no significant difference in yarn count and yarn evenness between alpaca/low-crimp-wool 
blend and alpaca/high-crimp-wool blend yarns when they were processed the same way.  
 
Surprisingly, the knitted fabric made from alpaca/high-crimp-wool blend is softer than that made from 
alpaca/low-crimp-wool blend. This may be explained by the test results that the initial modulus of 
alpaca/high-crimp-wool blend yarn is lower than that of alpaca/low-crimp-wool blend yarns. 
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It is recommended that the selection of wool fibre curvature for alpaca/wool blend should depend on 
the blend ratio and end-uses. Generally, wool fibre crimp is not critical to the quality of the blends. 
However, for alpaca and superfine wool blends, high-crimp-wool may be preferred if the ratio of 
alpaca fibre component is high and low-crimp-wool may be preferred if the ratio of alpaca component 
is low in the blend.  
 
Calculating MFD and CVD of Alpaca/Wool Blend 
A model for computing the MFD and CVD in a mixture of multiple fibre components has been 
developed. Validation results show that this model can accurately calculate the MFD and CVD of a 
blend from the parameters of the individual components. The developed model has a wide range of 
applications, including determining the minimum yarn count or number of fibres in a blend yarn cross-
section, and choosing the right blend ratio and fibre properties for a blend. Examples of alpaca/wool 
blends are given to demonstrate such applications. A table is created for alpaca/wool blend, which 
provides good reference data for the alpaca processors. 
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Chapter 1 
Australian Alpaca Fibre Industry and the 
Fibre Properties 
 
1.1  Introduction  
 
1.1.1  Alpaca and Its Fibre 
Alpaca is an important member in the Camelid families as shown in Figure 1.1. It has been selected for 
fibre production for at least 3000 years. The textile industry regards alpaca fibre as a specialty fibre, 
and classes the fibre as a luxury type. It is sought after for its softness, warmth without weight, range 
of natural colour and good strength. There are two types of alpacas: Huacaya and Suri. Huacaya 
produces crimped, dense fleeces, while Suri produces non-crimped, slippy, straight fleeces. Suri fibre 
is longer, more lustrous and silky than Huacaya fibre. It is believed that alpaca fibre is softer and 
lighter than wool fibre. Fibre from Huacaya is typically blended with Merino wool or other fibres for 
use in overcoats and high fashion knitwear, as well as socks, hats, gloves or floor covering, quilts 
filling, etc. Suri fibre is used extensively in brushed coating. 

 
Figure 1.1  Flowchart of Camelid families 
 
1.1.2  Alpaca Industry in Australia 
Most alpaca animals are raised in the Andes Mountains of Southern America, especially in Peru, Chile 
and Bolivia [35]. The estimated total number of alpaca animals is 3.1 million and 90% of them (near 
2.8 million) are found in Peru [110]. Only a few hundred alpaca animals were imported to Australia 
from Chile through NZ in the 1980’s, but the number has been growing in recent years. There were 
over 20,000 animals in 1999 distributed amongst 1600 breeders scattered all over Australia [2, 41]. 
Australia currently has the largest alpaca herd outside South America [4, 57]. It is estimated that the 
alpaca population in Australia may have reached 45,000 now.  
 
The world alpaca fibre production is around 5,000 tonnes, mostly produced in Peru (3,500 tonnes), 
with the rest dispersed in Bolivia, Chile, New Zealand, Australia and Northern-America. Large herds 
from the Andes produce fibres almost exclusively for the European market [2]. The current annual 
alpaca fibre production in Australia is estimated at 75 tonnes in greasy weight. 
(30,000*2.5kg/head/year) [45, 70]. So the alpaca industry in Australia is still a very small industry 
compared with the wool industry, which harvested fleeces from 130.4 million sheep with a shorn wool 
production of about 550 million kg greasy in the 2001/2002 financial year [5]. Most alpaca enterprises 
at present are keen to focus on live animal trading rather than growing fibre for processing. 
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L lam a
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Australia has a great potential for a viable alpaca industry. The Australian Alpaca Association (AAA) 
was founded in 1989. Its mission is to provide national co-ordination for a growing national herd of 
high quality alpacas in Australia and to enable a viable and sustainable animal and fibre industry [4]. 
The Association has provided a wide range of member services and has established strong links with 
fibre research, processing, manufacturing and marketing organisations. The Alpaca Cooperative P/L 
(Alpaca Co-op) was established in 1995. The Co-op, on behalf of its members. manufactures, designs 
and markets products derived from Australian grown alpaca fibre. Its aims include achieving 
sustainable market confidence in the alpaca livestock industry and a successful fibre production 
system, and sustaining the image of alpaca as a soft, luxurious and versatile fibre [1]. Both AAA and 
Alpaca Co-op promote alpaca and alpaca products in Australia as well as overseas.   
 
Additionally, Australia has sound pastures and modern technologies for breeding the best stocks. 
There is also an increasing interest in alpaca fibres among fashion houses. Therefore, alpaca fibre 
prices are increasing now due to international demands, particularly from Italians and Japanese. 
However the price of alpaca fibre exhibits a pronounced price cycle [112] and there is a large price 
discount as its mean fibre diameter (MFD) increases [69]. In Australia, the average price given by 
Alpaca Co-op now is $60/kg for fibre less than 20 microns and the price for fibre coarser than 30 
microns is only $1/kg [56, 57]. The retail price for alpaca clothing such as men’s jumpers is up to 
$350 per piece [1]. The industry is gradually moving from livestock trading to fibre based trading. The 
Australian Alpaca Association claims that by the year 2011 Australian alpaca fibre production will 
reach 950 tonnes. Hence, there is an urgent need for the industry to understand the properties of 
Australian grown alpaca fibres, so that the industry can market the fibre better and export high quality 
alpaca fibre products manufactured from high quality fibres. 
 
1.1.3  Issues of Concern 
Although the Australian alpaca industry has enjoyed a steady and consistent growth, there exist many 
issues of concern. For example, 80% of alpacas are in herds of less than six animals and the total fibre 
production is limited by the small flocks [3]. This is a significant disadvantage in terms of its impact 
on the global textile fibre market [90]. Heterogeneous fibre quality plus inferior preparation and broad 
fibre classing in the past have also made it difficult for alpaca processors to control the quality of the 
fibre products. In addition, dark fibres and overgrown fibres are put into the stock and few fibre 
processors intend to make use of them. It is also worth noting that some coloured fibres have been 
used in high fashion niche markets.  
 
More importantly, little has been published on the properties and processing of Australia grown alpaca 
fibres. Some researchers reported fleece quality among animal body-sites and between animals for 
breeding and trading purposes [9, 65, 86, 101, 113]. Preliminary investigations were undertaken into 
the assembly of fibre consignments during 1997 and 1998 [70]. Fibre properties of sale lots entering 
the mills for processing have not been as comprehensively assessed as wool. During 2000, the alpaca 
industry in Australia was adopting the Code of Practice - “Clip Preparation Guideline for Australian 
Alpaca Fibre”, as summarised in Table 1.1 [55, 57]. With this Code of Practice, the individual alpaca 
fleeces being classed vary widely in colour, properties and sources. Thus it has been very difficult to 
class the alpaca fibres into specific diameter or micron ranges like wool. This makes mill quality 
control difficult for the alpaca fibre processing, which in turn leads to inconsistent product quality.  
 
This chapter studies the quality of Australian alpaca fibre through fibre property investigations. It also 
provides benchmark data by examining the alpaca fibre classing lines. Samples from subjectively 
classed lines were assessed by objective measurements, and the results were analysed to reveal the 
fibre attributes and their variations at the fibre stage. The new classing code of practice currently in 
use in Australia is also discussed. 
 

Table 1.1  Alpaca fibre classing lines used during 2000 - 2001 
Fineness classing line Colour classing line Length classing line 
Superfine (SF): ≤20µm; White (W); Good average length (AAA): 
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Fine (F): 20.1-25µm; 
Medium (M): 25.1-30µm; 
Strong (S): >30.1µm. 

Fawn (F);  
Brown:  Light brown (BR) & 
Dark-Brown (DKBR); 
Black (BLK); 
Rose grey/Roan (RG); 
Grey (G). 

75-140mm; 
Shorter (AA): 40-74mm; 
Very short (A): <40mm; 
Overgrown (OG): >150mm. 

Some example descriptions of classed fibre lots are: 
AAAWF Good length white fine fleece (Huacaya); 
SAAAFF Good length fawn fine fleece (Suri); 
AAWS  Short length white strong fleece (Huacaya); 
OGW  Overgrown white fleece; 
AAAWM Good length white medium fleece (Huacaya). 
 
1.2  Materials and Methods 
 
1.2.1  Materials 
All alpaca fibres used were sampled from the centre for Australian alpaca fibre classing. In particular, 
a total of 19 alpaca fibre types (AAAWF, AAAWM, AAAWS, AAAFF, AAAFM, AAABRF, 
AAABRM, AAADKBRM, AAABLKF, AAABLKM, AAARGM, AAAGF, AAAGM, SAAAWM, 
SAAAFF, AAWF, AAWM, AAWS and OGW) were randomly sampled from fresh and stock bales in 
June 2000. These samples represent a wide range of fibre lots including different colours and lengths. 
They have been used to evaluate fibre property variations using the old classing lines described in 
Table 1.1. For comparison purposes, Peruvian alpaca fibres and Australian wool fibres were also used. 
 
1.2.2  Testing Methods 
Sampling, sub-sampling methods and measurements of fibre properties were in accordance with the 
International Wool and Textile Organisation Testing Regulations and Standards (IWTO-), 
Australian/New Zealand Standards (AS/NZS-) and Australian Standards (AS-). Some standards 
adopted are listed in Table 1.2. 
 

Table 1.2  Testing methods used 
Standard Title 
AS/NZS 1363.1:1996 (IWTO-38-91) Method for grab sampling greasy wool from bales 
AS/NZS 2721: 1996 (IWTO-7-92) Wool- Sub-sampling staples from grab samples 
AS/NZS 2810:1997 (IWTO-30-93) Determination of staple length and strength 
AS/NZS 1134:1999 (IWTO-19-98) Wool - Determination of wool base and vegetable matter 

base of core samples of raw wool 
AS 3535-1988 Wool - Method for the measurement of resistance to 

compression 
IWTO-47-98 Measurement of the mean and distribution of fibre diameter 

of wool using an optical fibre diameter analyser 
IWTO-57-98 Determination of medullated fibre content of wool and 

mohair samples by opacity measurements using an OFDA 
AS 2001.1 Conditioning procedures 
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A Single Fibre Analyser (SIFAN) instrument was used to analyse diameter profiles and tensile 
strengths of both alpaca and wool single fibres. The fibre diameter profiles were scanned at a 40µm 
interval and fibre strengths were measured at a gauge length of 40mm and an extension rate of 50 
mm/min. 
 
All measurements were conducted in the Textile Testing Laboratory at Deakin University. Ambient air 
temperature in the testing laboratory was controlled by a central conditioner at 20±2°C. Relative 
humidity was maintained at 65±5%.   
 
1.2.3  Statistical Methods 
Differences in fibre traits between colour, length and fineness groups were analysed by analysis of 
means and variance using the SPSS program [87, 100]. The model used was simply defined as:  
 
Dependent = Independent + Intercept (ε)  
(Where: Dependent = all fibre properties respectively; Independent = colour, fineness and length 
factors etc.) 
 
Differences between means were compared by Tukey post-hoc test method by assuming equal 
variances.  
 
1.3  Results and Discussion 
 
1.3.1  Properties of Alpaca Fibres in Different Colour Groups  
The alpaca fleece colours are classified into 6 categories (Table 1.1). Within some colour groups, there 
are sub-groups depending on the colour lightness or darkness such as brown (BR) and dark brown 
(DKBR). Because of the small number of fine fibre (less than 1% of total fibre production) and lack of 
applications of strong line fibre on apparel, the variation analysis on colours is only conducted for the 
medium fineness samples. In order to examine the possibility of narrowing variations in fibre diameter 
and length, two separated medium groups (according to the range of fibre diameter) are also compared 
for most fibre characteristics. 
 
Results in Table 1.3 show that all samples are in the right diameter classing line (Medium 25.1-30µm). 
In this medium group, except for the dark brown (DKBR), there are no significant differences in mean 
fibre diameter (MFD) between colours, though white fibre has the lowest MFD, which agrees with the 
findings reported by other researchers [68]. However, the coefficients of variation of FD (CVD) for 
white (W), fawn (F), rose-grey (RG), brown (BR) and dark brown (DKBR) fibres are lower than those 
for grey (G) and black (BLK) alpaca fibres. This is because the grey (G) and black (BLK) fleeces are a 
mixture of fibres having large variations in fibre diameter. The classer actually confirmed that a few 
fine fleeces were mixed with grey and black medium lines. Therefore, the samples and their testing 
results represent the sale lots of alpaca fibres. 
 
The average grease content of fibres in all colour groups (about 2 %) is much lower than that of 
merino wool (10-20%), which agrees with the previous fleece study [65]. Residual grease contents in 
Tables 1.3 and 1.4 show that all scoured fibres contain more than 0.5% residual grease. The grey (G) 
and black (BLK) samples also contain higher levels of residual grease than the others probably due to 
their higher grease content before scouring (Table 1.3). 
 
The curvature (CUR) of white fibres is significantly higher than that of dark colour fibres (including 
BR, DKBR, G and BLK). Rose-grey fleeces contain many white fibres, which may be the reason for 
its high curvature results. Since fibre crimp improves fibre cohesion during the early stage fibre 
processing as further discussed in Chapter 5, breeding white or light coloured alpacas is important 
from the fibre processing point of view. 
 

Table 1.3  Fibre properties in different colour groups from the medium diameter classing line 
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Colour  MFD* CVD* AE30 CUR* SPNfine* M.MED %MED 
W 25.34 a 26.25 a 21.75 39.55 a 25.88 a 31.60 25.23 
F 26.12 a 26.53 a 25.53 36.43 abc 26.80 a 32.15 28.35 
RG 27.18 a 27.30 a 30.00  39.05 ad 28.08 a   
BR 25.99 a 27.19 a 25.33 36.59 bd 26.82 a   
DKBR 28.14 b 27.33 a 36.38  30.00 e 29.08 b   
G 27.32 a 29.59 bc 30.34  35.64 bc 28.89 b   
BLK 26.79 a 28.08 ac 30.36  33.81 c 27.88 a   
Average 26.70 27.71 28.57 35.71 27.70 31.88 26.79 
 
 RtC* Resid.G Grease* WY SL SS POB 
W 5.47 ac 1.03 1.72 ab 93.43 91.50 61.68 47.63 
F 5.35 abc 1.07 1.06 a 98.33 100.31 59.17 45.65 
RG 5.40 abc 1.05 1.43 ab 94.41 108.57 53.98 59.16 
BR 4.55 ab 1.22 1.89 ab 94.17 100.33 60.92 36.70 
DKBR 6.16 c 1.22 1.88 ab 92.85 108.00 54.19 42.27 
G 4.88 ab 1.40 2.26 b 93.65 116.47 58.71 44.90 
BLK 4.46 b 1.33 1.91 ab 92.52 104.18 55.93 39.87 
Average 5.01 1.23 1.82 93.97 105.03 58.01 43.76 

*.  Means between colour groups in columns are significantly (p<0.05) different for that trait.   
-.  Means with different superscripts (e.g. a, b, c etc) in columns are significantly different at the 0.05 

level. 
 
The resistance to compression (RtC) of alpaca fibre (Tables 1.3 and 1.4) is lower than wool, which has 
typical RtC values ranging from 5 to 15kPa [25]. McGregor [70] reported that the RtC of alpaca 
ranged from 2.8 to 6.7kPa. He also observed that seasonal conditions that affected MFD and growth of 
alpaca did not significantly affect the RtC of alpaca [71]. The RtC for alpaca fibres generally increases 
when the fibre curvature (CUR) increases in different colour groups (Table 1.3) except for the dark 
brown (DKBR) sample. However, this trend was not found in the two separate medium groups (Table 
1.4). McGregor [70] also reported that in both Suri and Huacaya alpaca that RtC was correlated with 
fibre curvature. Chapter 6 reports some further results on the alpaca RtC. 
 
The coarse edge indexes or AE30 values for fibres in all colour groups in the mixed medium line are 
statistically equal (Table 1.3). The white fibre sample has the lowest AE30 value. However, the AE30 
value for the rose-grey (RG) sample is significantly lower than that for other dark fibre samples in 
group (2) (Table 1.4). The mean of AE30 of group (2) (Table 1.4) is significantly larger than that of 
group (1) (36.26% vs 23.44%), because of their large difference in fibre diameter (FD). Previous 
reports have shown that a substantial proportion of Australian alpaca fibre has a large coarse edge and 
that this is highly correlated with mean fibre diameter [70]. 
 
Medullation measurements were only conducted for white and fawn fibres as OFDA is not an 
appropriate testing instrument for dark fibres. This is because dark fibres can cause elevated opacity 
readings (IWTO-57-98). The results in Table 1.3 show that the fawn fibres have a higher percentage of 
medullaion (%MED) than the white fibres. 
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Table 1.4  Comparison of fibre properties in different colour groups (Two separate “Medium” lines: 
Group (1), 25<MFD<=26.8µm; Group (2), 26.8<MFD<30µm.) 

Group (1) MFD CVD* AE30 CUR* SPNfine RtC* Resid.G* Grease* 
W 25.34 26.25 a 21.75  39.55 a 25.88 5.47 a 1.03 a 1.72 a 
F 26.12 26.53 a 25.53  36.43 ab 26.80 5.35 a 1.07 a 1.06 b 
BR 25.99 27.19 ab 25.33  36.59 ab 25.93 4.55 ab 1.22 a 1.89 a 
G 25.50 28.48 bc 20.80  35.65 ab 26.63 4.66 ab 1.75 b 2.63 c 
BLK 25.14 28.88 c 21.93  34.23 b 26.38 4.02 b 1.38 ab 2.25 ac 
Average 25.68 27.42 23.44 36.50 26.32 4.76 1.28 1.90 
         
Group (2) MFD* CVD* AE30* CUR* SPNfine* RtC* Resid.G Grease 
RG 27.18 a 27.30 a 30.00 a 39.05 a 28.08 a 5.40 ab 1.05 1.43 
DKBR 28.14 b 27.33 a 36.38 b 30.00 b 29.08 b 6.16 a 1.22 1.88 
G 29.15 c 30.70 b 39.88 b 35.63 c 31.15 c 5.10 b 1.05 1.89 
BLK 28.45 b 27.28 a 38.80 b 33.40 d 29.38 b 4.91 b 1.28 1.57 
Average 28.23 28.15 36.26 34.52 29.08 5.39 1.15 1.69 
         
Group (1) N SL* SS POB* GROUP (2) N SL SS POB* 
W 40 91.50 a 61.68 47.63 b RG 42 108.57  53.98 59.16 b 
F 45 100.31 a 59.17 45.65 b DKBR 40 108.00  54.19 42.27 a 
BR 47 100.49 a 60.91 36.74 a G 41 112.44  61.54 51.43 b 
G 40 120.50 b 55.89 38.36 ab BLK 45 102.56  56.03 41.16 a 
BLK 44 105.80 ab 55.82 38.58 ab      
Average  103.04 59.10 40.50 Average  107.77 56.42 48.43 
*. Means between colour groups in columns are significantly (p<0.05) different for that trait.   
-. Means with different superscripts in columns are significantly different at the 0.05 level. 
 
Results in Figure 1.2 show that medullation in Australian white alpaca increases with mean fibre 
diameter, which agrees with McGregor’s report [70]. Australian alpaca fibre is also less medullated 
than Peruvian white alpaca fibres. It was reported that coloured alpaca fleeces were less medullated (as 
measured on the Projection Microscope) than white fleeces and the average medullation percentage for 
Bolivian llama (the closest relative of alpaca) was 43.1% [81]. It may be deduced that Australian 
grown alpaca fleeces are less medullated than overseas fleece and white alpaca fibre is less medullated 
than coloured fibres.  
 
There are no statistically significant differences in staple length (SL) between colours in the combined 
medium line (Table 1.3). However, differences are found (Table 1.4) when separating the medium line 
into two groups, longest in grey and shortest in white of medium group (1) and shortest in black of 
medium group (2) respectively. This should be considered as an age effect rather than colour effect. 
Shorter staple has higher staple strength (SS), and the difference is not statistically significant between 
colours. The mean SS of Australian alpaca in this study was higher than that of Southern American 
alpaca and llama (46.4 N/ktex) [47]. It has previously reported that the SS of Australian alpaca ranged 
between 25 and 140 N/ktex [70]. In another study the SS of alpaca was not significantly reduced by 
poor seasonal nutrition whereas that of Merino sheep grazing the same pasture was significantly 
reduced [71].  
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Figure 1.2  A comparison of Australian alpaca fibres with Pervian ones in %MED 
 
It can be seen from comparisons between groups (1) and (2) in Table 1.4 that, minimizing the range of 
FD for medium line (Ranging from 25 to 27 microns) will reduce variations for important fibre traits, 
such as those properties related to comfort and handle of fabric: CVD and AE30. 
 
It is worth mentioning that while some traits differ between colours, large variations actually exist 
within each colour, because the fleeces came from various sources (farms and aged animals). Colour 
may not be a major factor that contributes to the difference in fibre properties. Large variations in 
colour, particularly the shortage of white fibres is disadvantageous for the industry. The small number 
of coloured lots cannot make up a sufficient processing batch, and the coloured lots are usually mixed 
together during classing. This limits the product range that can be made from these fibres. Increasing 
the production of alpaca fibres would be essential for the sustained development of the Australian 
alpaca fibre industry.     
 
1.3.2 Variations of Fibre Properties among Classed Length Groups 
Table 1.5 indicates that the three classed length lines with similar MFD have distinct differences in 
staple length (SL). The coefficient variation of staple length (SLCV) of good length group (AAA) is 
the highest (27.63%) among the three lines. Assembling a large range of length (eg. AAA: 75-140mm) 
is one of the reasons of high SLCV. A large length variation within fleece and between fleeces from 
different origins also contributes to the SLCV of AAA. Consequently such length classing will result 
in high CV of fibre length in the top. It is suggested that the animal should be shorn annually to avoid 
excessive fibre length or too short staples.  
 
In Table 1.5, there are no significant differences in mean medullated fibre diameter (M.MED), grease 
content (Grease) and washing yield (WY) among the length groups. The average WY (93.6% in Table 
1.5) is much higher than the 72% reported for the Peruvian fibres [110]. 
 
The staple strength (SS) testing for overgrown (OG) staples could not be performed on the Staple 
Breaker (Model I) used in this study, because the staple length has exceeded the testing range of the 
instrument. It has been reported previously that long staples were unsuitable for measurement in both 
the Staple Breaker [70] and with the ATLAS [59].  
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Table 1.5  Comparison of alpaca (Huacaya type) fibre properties in different length lines 
Length MFD CVD* AE30 M.MED %MED Resid.G 
AAA 26.78 27.32 a 29.60 31.84 32.28 1.24 
AA 26.03 30.69 b 27.83 31.85 28.53 1.30 
OG 26.49 30.55 b 28.08 32.65 37.15 1.13 
Average 26.63 28.11 29.20 31.93 31.57 1.24 
       
Length Grease WY SL* SLCV* SS POB 
AAA 1.82 93.87 101.92 a 27.63 a 59.14 43.91 
AA 2.12 92.21 65.63   b 25.76 b 61.93 41.19 
OG 1.75 94.20 176.25 c 21.54 c   
Average 1.87 93.60 99.60 24.98 59.67 43.40 

*. Means between length groups in columns are significantly (p<0.05) different for that trait.   
-. Means with different superscripts (e.g. a, b, c etc) in columns are significantly different at the 0.05 
level. 
 
1.3.3  Variations of Fibre Properties among Classed Fineness Lines 
Table 1.6 shows that the three classed fineness lines are remarkably different in most traits such as FD, 
CVD, AE30, CUR, %MED, Grease, SL, SS and POB. The SL of strong line is considerably shorter 
than that of fine and medium lines, but SS is the highest (73.15 Vs 57.48, 58.05 N/Ktex). SL of fine 
and medium groups is within good length (AAA), which is suitable for worsted processing. Variations 
of FD and SL in the medium line are larger than that in the other two lines.  
 

Table 1.6  Comparison of alpaca (Huacaya) fibre properties in different fineness lines 
Classed  
Fineness MFD* CVD* AE30* CUR* SPNFine* M.MED* %MED* RtC* 

Fine 24.88 a 27.54 a 19.59 a 36.00 a 25.76 a 29.68 a 29.48 a 4.45 a 
Medium 27.29 b 27.64 a 31.74 b 36.18 a 28.30 b 31.88 b 26.79 a 5.34 b 
Strong 32.77 c 24.03 b 64.75 c 28.45 b 32.80 c 36.08 c 48.85 b 5.37 b 
Average 26.78 27.32 29.60 35.52 27.67 31.84 32.28 5.00 
         
Classed 
Fineness Resid.G* Grease* WY SL* SLCV SS* POB*  

Fine 1.43 a 2.17 a 93.02 105.90 a 24.07  57.49 a 38.07 a  
Medium 1.11 bc 1.63 b 94.25 102.29 a 27.38  58.24 a 46.06 b  
Strong 1.19 ac 1.45 b 95.44 80.47  b 23.91  73.15 b 58.91 c  
Average 1.24 1.82 93.87 102.00 25.12 59.10 43.98  
 
It is worth noting that animal age is a major factor affecting FD, medullation and length. FD and 
%MED tend to increase with age [70, 113]. In this study, the age effect has not been taken into 
account. It may be necessary to separately class the fleeces to isolate the age effect. 
 
Finer fibre has significantly lower RtC than coarser fibres although the CUR is larger in the finer line 
(Table 1.7). This may be related to the lower crimp “height” (amplitude) of the fine alpaca fibres, 
unlike the wool crimp. Further research is carried out in Chapters 5 and 6 to examine the effect of 
alpaca fibre curvature on the fibre processing and its softness. 
 
There are some differences between the classed and the measured results in Tables 1.6 and 1.7. 
Therefore, subjective classing should be validated by objective measurements of most important fibre 
properties, particularly fibre diameter and its variations.   
 
 

Table 1.7  Comparison of alpaca (Huacaya) fibre properties in different fineness lines (measured) 
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Actual 
Fineness MFD* CVD* AE30* CUR* SPNFine* RtC Resid.G Grease SL* 

Fine 24.21 a 27.03 a 17.20 a 38.09 a 24.93 a 4.75 1.33 2.03 97.59 a 
Medium 26.70 b 27.71 a 28.57 b 35.71 a 27.70 b 5.01 1.23 1.82 104.89 a 
Strong 32.77 c 24.03 b 64.75 c 28.45 b 32.80 c 5.37 1.19 1.45 80.47 b 
Average 26.78 27.32 29.60 35.52 27.67 5.00 1.24 1.82 101.92 
*. Means between fineness groups in columns are significantly (p<0.05) different for that trait.   
-. Means with different superscripts (e.g. a, b, c etc) in columns are significantly different at the 0.05 
level. 
 
1.3.4  Comparisons Between Two Alpaca Breeds   
As mentioned in the introduction, alpaca has two types – Huacaya and Suri. Table 1.8 compares the 
two types of fibres with a similar mean fibre diameter. The Suri fibre has much longer staple length 
(SL) and coarser edge (AE30) than the Huacaya fibre. Higher RtC and CUR of Huacaya is probably 
caused by its relatively higher crimp frequency associated with a lower staple length. These 
differences between breeds appear to be related to different skin follicle attributes [37]. The staple 
strength (SS) for Huacaya and Suri fibres is similar in the fine line, but the Suri fibre is much stronger 
in the medium line. As indicated in Table 1.9, the proportion of middle break is very close for both 
Huacaya and Suri regardless of their fineness. But the two fibre types differ in tip and base breaks. 
 

Table 1.8  A comparison of Huacaya vs Suri fibres (Fine line and Medium line) 
Fibre Class MFD CVD AE30* CUR* SPNFine* M.MED %MED 
Huacaya Fine 24.22 27.03 17.20 38.09 24.93 29.68 29.48 
Suri Fine 24.97 28.68 20.65 27.68 26.15 29.63 27.35 
Fibre Class RtC* Resid.G* Grease WY SL* SS POB* 
Huacaya Fine 4.75 1.33 2.03 92.61 97.59 57.48 37.56 
Suri Fine 3.61 1.67 1.69 95.22 133.33 53.33 45.28 
Fibre  Class MFD CVD AE30 CUR* SPNFine M.MED %MED 
Huacaya Medium 27.91 28.14 34.98 35.46 29.08 - - 
Suri Medium 27.22 27.83 31.33 24.93 28.23 31.50 37.18 
Fibre Class RtC* Resid.G* Grease* WY* SL* SS* POB 
Huacaya Medium 5.31 1.13 1.72 93.60 104.58 57.41 45.62 
Suri Medium 4.07 0.76 1.06 96.97 130.40 71.89 46.10 
*. Means between fibre types in columns are significantly (p<0.05) different for that trait. 
 

Table 1.9  Proportion of tip, middle and base break of staple of AAA classing length 

Fibre type Tip break 
(POB<=33%) 

Middle break 
(33<POB<=67%) 

Base break 
(POB>67%) 

 Mean Sd % Mean Sd % Mean Sd % 
Huacaya (F) 19.62 6.53 40.7 49.08 8.68 56.8 68.40 0.99 2.5 
Huacaya (M) 22.82 6.79 24.7 41.62 17.50 70.1 72.76 4.31 5.2 
Huacaya (S) 15.50 - 2.3 51.99 8.91 62.8 74.27 3.68 34.9 
Suri (F) 24.66 6.01 31.1 51.72 7.30 60.0 74.00 6.56 8.9 
Suri (M) 22.74 6.16 17.5 47.56 7.17 70.0 70.62 1.16 12.5 

 
1.3.5  New Classing Practice in Australia 
The broad micron classing and associated fibre property variations and processing difficulties have 
attracted the attention of Australian Alpaca Co-op. Since November 2001, a new classing practice has 
been introduced into the Australian alpaca industry. This practice tightens up the micron range but 
some colours may be combined [57]. Table 1.10 lists the new classing lines currently in use. These 
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changes will obviously reduce the variations within each line and will help processing mills with mill 
quality control to achieve consistency in the quality of alpaca products.  
 

Table 1.10  Current alpaca fibre classing lines 
Fibre diameter classing line Colour classing line Length classing line 
Superfine (SF): ≤ 20 µm 
Fine (F): 20.1-23 µm 
Medium (M): 23.1-27 µm 
Strong (S): 27.1-32 µm 
Extra strong (XS): 

> 32 µm  

White (W); 
Fawn (F);  
Brown:  Light brown (BR) & 
Dark-Brown (DKBR); 
Black (BLK); 
Rose grey/Roan (RG); 
Grey (G). 

A: 120-150mm 
B: 80-120mm 
C: 60-80mm 
D: less than 60mm 
O (overgrown): 

more than 150mm 

 
Here is an example of the benefit from the new classing method. We took samples from the current 
and previous classed fibre and measured them using the OFDA instrument. Results in Table 1.11 show 
that the coarse edge index or AE30 values from the current classing practice are statistically lower 
than that from the previous classing regime. This would ensure that different fibres serve different 
purposes and garments made from the fine fibre has less prickle effect. In addition, the spin fineness is 
very close to the MFD in the new classing lines. This would be beneficial to the fibre processors who 
make fibre processing decisions on the MFD. 
 

Table 1.11  Properties of alpaca fibres classed currently and previously 

Fineness Classing MFD 
(µm) 

CVD 
(%) 

AE30 
(%) 

CUR 
(°/mm) 

SPNFine 
(µm) 

Current 21.4 27.4 7.1 36.5 22.1 Fine Previous 24.2 27.0 17.2 38.1 24.9 
Current 25.1 25.3 19.5 37.3 25.4 Medium Previous 26.7 27.7 28.6 35.7 27.7 

 
1.3.6  Diameter Profile and Single Fibre Strength 
As shown in Figure 1.3, the CVD within a fibre has a tendency to increase as the MFD increases for 
both alpaca and wool fibre. Alpaca fibres seem to have slightly smaller within fibre CVD than wool 
fibres, indicating that change of seasons might have slightly less impact on alpaca fibres in fibre 
diameter variation than on wool fibre. 
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Figure 1.3  Within fibre irregularities of alpaca and wool fibres 
 
It is often claimed that alpaca fibre is stronger than wool fibre. However, there is no scientific data to 
support such a view. We therefore measured alpaca staple strength and single fibre strength (with 
SIFAN) and compared the data with wool.  
 
The tenacity of single alpaca fibres has a tendency to decrease as their diameter increases, as shown in 
Figure 1.4. As expected, single Australian alpaca fibre is stronger (about 7% higher on average) than 
single wool fibre. However, the strength difference in single fibres is much lower than in staple 
strength. Alpaca staple strength is significantly higher (about 40% higher) than the wool staple 
strength as shown in Figure 1.5. 
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Figure 1.4  Relationship between fibre diameter and the fibre tenacity 
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Figure 1.5  Comparison of alpaca and wool staple strength 
 
1.4  Conclusion 
 
This study gives an overview of the alpaca fibre industry in Australia. It examines a range of 
properties of the alpaca fibres, grouped according to colour, length, or fineness. The fibre properties 
have been measured objectively and statistical analyses have been conducted to study the variations in 
key fibre properties.  
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The Australian alpaca fibre industry is a relatively new industry, with an animal population of about 
30,000 only at present. Due to the small quantity of fibre available, the alpaca fibre has been classed 
into broad micron and length ranges. The results in this study have shown that this broad classing 
leads to large variations in fibre properties, such as large variations in fibre diameter and staple length 
within the classing lines.  
 
The industry has recently started to adopt a new classing practice with tighter micron ranges and more 
clearly defined length groups. The new classing practice ensures that different fibres serve different 
purposes and garments made from the fine fibre have less prickle effect. This will be beneficial to the 
fibre processors as well as consumers. 
 
For the continuing development of the alpaca fibre industry in Australia, it is important that breeders 
are aware of the quality requirements of fibre processors, and there is sufficient quantity of good 
quality white alpaca fibres available for processors. As the fibre production increases, the industry will 
move towards full objective specification of fibre properties. 
 
Australian white alpacas have less medullated fibres compared to overseas alpacas. The staple strength 
of Australian alpaca fibres is significant higher than that of wool staples and the strength of single 
alpaca fibres is also marginally higher than the wool fibres. The within fibre diameter variation in 
alpaca fibres is also lower than that in wool fibres. 
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Chapter 2 
Investigation of Alpaca Fibre Scouring 
 
2.1  Introduction 
 
Like raw wool fibre, greasy alpaca fibre contains various amounts of vegetable matter and extraneous 
alkali-insoluble substances, mineral matter, wool waxes, suint and moisture. Alpaca fibre scouring is 
therefore believed to be necessary for further fibre processing. 
  
At the Alpaca R&D workshop organised by Australian Alpaca Associate (AAA) in September 2001, 
scouring was identified as one of the key issues that should be tackled by the alpaca industry. This 
issue came up again in a follow-up meeting on alpaca classing, organised by the Alpaca Co-op in 
October 2001. We conducted alpaca scouring trials to address the feasibility for improving the current 
alpaca fibre scouring regime. 
 
The objectives of the preliminary trials are: 

• Examination of the effect of different scouring regimes on scouring performance 
• Improved opening before scouring to tackle the dust and fibre length issues 
• Further optimisation of scouring conditions for alpaca fibres. 

 
The expected overall outcomes are to improve scouring conditions for alpaca fibres and hopefully 
reduce the scouring cost. 
 
2.2  Background of Wool Scouring and Considerations for Alpaca 
Fibre Scouring 
 
2.2.1  Objectives of Scouring 
Wool scouring is the process of washing wool in hot water and detergent to remove the non-wool 
contaminants (which may include dirt, wool wax and proteinaceous contaminants) and then drying it. It 
has always been an important stage in the wool processing pipeline. Wool fibre has the propensity to 
felt. After wool scouring, the level of contaminants remaining and the amount of fibre entanglement 
will cause fibre breakage and affect the efficiency of operations later in the early stage of fibre 
processing (from fibre to top) [13], especially during carding. Wool scourers must deliver a product 
with minimum scourable contaminants but free of entanglements. Generally, cleanliness and fibre 
entanglement are opposing outcomes, i.e. the cleaner fibres become, the more entangled they are after 
scouring. Therefore wool scouring aims for the greatest degree of contaminant removal (up to 40% of 
the input weight) while minimising fibre entanglement. The objectives for wool fibre scouring apply 
to alpaca fibre scouring as well. 
 
2.2.2  Scouring Systems 
There are two major scouring systems, aqueous scouring systems and non-aqueous scouring systems 
[105]. Once the wool is wet in an aqueous scouring system, various additives in the wool liquor can 
act to remove the contaminants. Alternatively, the scour medium may be an organic solvent. The 
system is called a solvent scouring system. A solvent scouring system will still wet the fibres, since 
there is usually an aqueous phase included in these systems. Generally the solvent acts to dissolve the 
wool wax, not to clean the wool. Each system aims to minimise processing costs, and in a more 
environmentally conscious world, minimise the impact of pollution from these systems. Organic 
solvents need to be carefully managed to overcome potential environmental and occupational health 
and safety problems. In addition, the cost of solvent scouring system is higher than aqueous system. 
Therefore, aqueous systems are more commonly used in the current wool industry. 
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The investigation on alpaca fibre scouring is consequently focused on the aqueous scouring system. 
 
2.2.3  Opening of Greasy Wool 
Opening is a pre-scour operation. At the opening stage there is an opportunity to blend the lots in a 
consignment. There is also an opportunity for dust removal before the raw wool enters the scour [105]. 
Due to the fact that alpaca animals like to roll on the ground, and that there is low grease content in the 
fleece, the alpaca fleece may contain a great deal of dust. The removal of dust may improve the alpaca 
fibre scouring performance. 
 
2.2.4  Detergency 
The wool fibre is covered in wax and dirt. Wool fibre surface is naturally hydrophobic, even though it 
can absorb moisture up to 40% of its own weight without feeling wet. The first function of the scour 
medium is thus to wet the greasy fibre. The opened wool needs to be “wet out” before it can be 
effectively scoured. The addition of water is insufficient to dislodge the dirt, mainly due to inefficient 
wetting and high surface tensions involved.  However, the addition of hot water above the melting 
point of the wax makes it pliable and allows access to the surfactants. In some systems this is 
accomplished in a separate section of the scour. Once the wool is wet the various additives in the wool 
liquor can act to remove the contaminants. 
 
Detergency is a complex phenomenon involving wetting, adsorption, suspension and the dissolving of 
nonpolar material in micelles. It involves the removal of soil (wool wax and particulate matter such as 
dirt and skin flakes) from greasy wool. The requirements to achieve detergency in the case of aqueous 
wool scouring are surfactants, wetting of the surfaces (fibre, wax, soil), builders, some form of 
agitation and mechanisms to prevent the soil re-depositing on the fibre. Detergency is therefore aimed 
at removing contaminants by the action of surfactants. The contaminants are then kept off the fibre in 
various states such as emulsions and suspensions. 
 
Surfactants are chemicals with special properties in water. Their molecules have two parts, one is 
attractive to water (hydrophilic) and the other part is not (hydrophobic). Old scouring methods using 
soap and soda ash were affected by water hardness caused by the presence of Mg2+ and Ca2+. These 
multivalent (charged) ions can lead to the redeposition of scoured contaminants. However this should 
not be a problem when using a nonionic surfactant. The presence of Fe3+ can also lead to later 
problems in dyeing. Generally non-ionic surfactants make the best detergents, mainly due to their 
dispersing properties and the fact that they are not affected significantly by hard water and 
temperature. 
 
Builders are additives employed to increase the efficiency of the detergent. They are usually inorganic 
salts such as sodium sulphate or sodium carbonate (soda ash) [105]. Soda ash has been shown to be 
more effective, since it leads to alkaline conditions that scouring requires. Suint is also a source of 
inorganic ions and can therefore act as a builder.  Inorganic ions can also have an effect on surfactant 
efficiency. 
 
The most popular detergents used in the wool industry and the standard for scouring today are 
nonionic surfactants, such as ICI product Lissapol TN450. This chemical has proved the most cost 
effective over many years. In the alpaca fibre scouring trials, we used Lissapol TN450 as scouring 
detergent and examined the scouring effect at different detergent levels. 
 
2.2.5  Contaminants Removal 
The contaminants of raw wool can be broadly classified as either easy-to-remove or hard-to-remove 
[13]. The former includes the unoxidised grease, most of the oxidised grease, readily soluble suint and 
loosely held mineral, organic and proteinaceous dirt. Hard-to-remove is a small fraction of the 
oxidised grease, slowly soluble suint, submicron mineral dirt and proteinaceous flakes adhering to the 
wool. About 90% of each type of contaminant is easy-to-remove. 
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From an industrial point of view, scouring of wool can be seen as a multi-stage extraction process for 
removing contaminants from the wool fibre. Sweat, or “suint” is readily water-soluble. Suint is 
described as the potassium salt of various long chain fatty acids. It is soluble in warm water (>30°C), 
and can act as soap at pH > 9.  Therefore suint has a role as a detergent if conditions are alkaline. 
Dried urine will tend to be removed in the same processes as suint to some extent, although the 
occurrence of permanent urine stain is the single largest component of dark-fibre contamination.  
 
The main substance of wool grease is wool wax. It exists as a solid or semi solid with a melting point 
around 43°C in a stable film around the fibre. Most importantly, there is an oxidised portion (mainly at 
the fibre tip) and an unoxidised portion (purest at the base of the fibre) present, which presents 
difficulties for the scourer. The role of oxidised grease in forming complexes with various other 
contaminants, such as proteinaceous contaminant layer (which consists of mainly soluble peptides and 
skin insoluble flakes) and dirt, has consequences both for contaminant removal and effluent treatment. 
While oxidised grease only forms 5% of the total wool grease, a complex containing oxidised grease 
acts as if it is all oxidised. The unoxidised grease, most of the oxidised grease, readily soluble suint 
and loosely held mineral, organic and proteinaceous dirt are the contaminants that are easy-to-remove. 
A small fraction of the oxidised grease, slowly-soluble suint, submicron mineral dirt and 
proteinaceous flakes adhering to the wool are the contaminants that are hard-to-remove. 
 
The sequence for contaminant removal is generally as follows: 
• Penetration of the grease by water and surfactant followed by rapid swelling of both grease and 

proteinaceous contaminants. 
• Formation of grease globules (unoxidised in particular) within the swollen mass. 
• Removal of the complexed and uncomplexed easy-to-remove contaminants, which are not 

strongly bound to the fibre surface. 
• Partial removal of the hard-to-remove contaminants such as swollen proteinaceous contaminants 

adhering to the fibre along with associated complexed grease and suint. 
 
2.2.6  Bowls 
To remove contaminants, scour vessels (bowls) are essential to contain the scour medium and 
additives (referred to as the scour liquor) and the wool being cleaned. A scouring bowl can perform 
one of the three functions: desuinting, scouring or rinsing. A desuinting bowl removes most of the 
water-soluble contaminants, as well as some dirt. A scouring bowl, which contains detergent, removes 
contaminants partly by the actions of dissolving and emulsification. The rinsing bowl is designed to 
remove contaminants, which have been displaced by the scouring liquor, along with more particulate 
matters. Normally, no detergent is added to the rinsing bowls. 
 
Figure 2.1 shows two typical scouring regimes, conventional and Siroscour three-stage. In 
conventional scouring [13], there are two or three scouring bowls, containing hot detergent solutions, 
followed by two or three rinsing bowls. In this configuration, the easy-to-remove contaminants are 
removed in the scouring bowls. The hard-to-remove contaminants require more time to hydrate and 
swell before they can be scoured.  In the conventional scour there is little detergent action in the rinse 
bowls. Consequently, a high proportion of these contaminants is not properly removed from the wool. 
Hard-to-remove contaminants not properly removed will re-deposit on the fibre. Additionally, it has 
been discovered that if the proteinaceous contaminant layer (PCL) contaminants re-deposit they 
cannot be removed. 
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Scour ScourScour Rinse Rinse Rinse 
Conventional Scouring Process 

Scour ScourDesuint Scour Rinse Rinse 
Siroscour Three-Stage Scouring  

Figure 2.1  Examples of bowl configurations 
 
In the Siroscour system, each stage performs a specific function [13]. In the first stage - the desuint 
bowl - a high proportion of suint and dirt is removed without a concomitant removal of wool wax. In 
this bowl the detergent acts as a wetting agent. In the second stage, which is the first scouring stage, 
the easy-to-remove contaminants such as water-soluble material, wool wax and dirt are scoured from 
the wool. In the first scouring stage the detergent acts as an emulsifying agent. The first rinse bowl 
performs several functions. It removes entrained contaminants from the wool and allows more time for 
the hard-to-remove contaminants to swell. In the third stage, these contaminants are scoured from the 
wool without being encumbered by the easy-to-remove contaminants. Here the detergent acts as a 
traditional detergent and an anti redeposition agent. In the three-stage process, the contaminant 
removal is achieved principally by chemistry rather than by brute mechanical action. This means that 
Siroscour technology achieves excellent contaminant removal coupled with minimal entanglement. 
 
Siroscour works best on low yielding wools, bellies, pieces, skirtings etc. Alpaca fibre is cleaner and 
has a higher yield than wool fibres. The current alpaca fibre scouring regime therefore employs 
conventional scouring method. We attempted an alternative scouring method in this trial – raw alpaca 
fibre desuint scouring regime. To save energy, we also tried alpaca fibre scouring at a low temperature 
regime to see if we could improve on the standard alpaca fibre scouring regime. 
 
2.2.7  Fibre Damage 
Wool is a relatively weak fibre, compared to other staple fibres. Scouring can potentially lead to the 
fibre damage and strength loss. There are three possible sources of fibre damage during scouring: 
mechanical damage, pH and temperature. Mechanical damage will be fairly minimal since the actions 
of moving parts in scouring tend to be relatively gentle. 
 
Since wool is a protein fibre, it suffers a loss of tensile strength when it is wet. The nature of the 
protein chains in wool means that hydrogen bonds are dissociated in aqueous conditions causing 
strength loss. Disulphide bonds can also be reduced in some conditions, causing further wet strength 
loss. This strength loss is generally reversible. Wool can also become more susceptible to chemical 
damage in an aqueous medium, since the protein chains can be ionised and attract small charged 
molecules such as acids and alkalis. Alkaline conditions (pH > 7) are far more damaging than acid 
conditions. The alkaline nature of suint means that this is a potential source of alkalinity, therefore 
knowing the suint content of the wool before scouring is critical in setting scouring conditions. 
Thermal degradation of wool fibre will occur with prolonged exposure to even relatively mild 
conditions such as those experienced during scouring. This degradation would be manifested as 
strength loss and yellowing. The appropriate conditions and controls on a scour should ensure that 
wool damage during scouring is minimised. 
 
Normally the pH is not under control for modern wool scouring. Because the detergent level in alpaca 
fibre scouring is lower than that in wool scouring (Table 2.2), we have pHalpaca < pHwool. In other 
words, alpaca fibre scouring results in less fibre damage due to pH than wool fibre scouring. Since the 
mechanical movement and bowl temperatures are the same in both wool and alpaca fibre scouring, the 
overall alpaca fibre damage should be less than the wool fibre after scouring. 
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2.2.8  AgitationAgitation of wool in hot water will not only result in the fibre damage, but also lead 
to felting and fibre entanglement, and the fibre entanglement is irreversible and irrevocable. Therefore, 
gentle mechanical action is desired for wool scouring. This can be achieved by decreasing the amount 
of mechanical energy imparted to the wool during scouring with the aid of: 
 
• Modification of existing machines to reduce the number of working points for example by 

shortening the bowls or changing the dunkers. 
• Radical changes to scouring machines to eliminate working points, for example by conveying the 

wool through washing zones using porous conveyors or drums. 
 
Because of the gentle action and the way the wool is held, it retains higher levels of residual dirt. 
 
The scouring efficiency with gentle mechanical action may be compensated by chemistry from 
changing the scouring configuration to remove the contaminants. The best example of this is Siroscour 
three-stage scouring [105]. 
 
Agitation, however, is sometimes necessary to achieve relative movement of the fibres past each other. 
In addition, when agitation is applied, the dirt and grease are dislodged into the bulk of the scouring 
medium. The remaining soil is suspended due to the adsorbed surfactants acting to make stable 
emulsions and suspensions. Therefore, the bulk of the contaminants are disassociated from the fibres 
and become part of the scour liquor. The wool wax tends to stay emulsified and must be separated 
from the aqueous solution to alleviate pollution concerns. The dirt tends to settle out of the liquor over 
time to the bottom of the scour vessel where it can be removed and separated as well. A proportion of 
dust is not associated with the wax. This loose dust can be shaken out before scouring, or will tend to 
be washed off during scouring and settle in bottom of the scour bowls. 
 
Since raw alpaca fibre may contain more dust than raw wool fibre, more agitation would help with dirt 
dislodgement and washing off. However, this requires modification of the existing scouring machine, 
which was specially designed for wool fibre scouring. 
 
2.2.9  Fibre Entanglement 
Entanglement or felting results in fibre breakage during carding, gilling and combing. It reduces the 
mean fibre length in the resultant top and decreases the combing tear or the ratio of top to noil [13]. 
Control of wool fibre from entanglement during scouring used to be considered the most important 
objective, as long as dirt and grease removal was achieved. 
 
Fibres need to move and it is inevitable that fibres are in contact with each other during scouring. 
Once the staple structure has been broken in bowls, the scales could have an opposed configuration. 
The directional friction effect is a common feature of all animal fibres, i.e. the coefficient of friction 
against the scales is greater than the coefficient of friction with the scales. Wool also absorbs water, 
which has the tendency to raise the scales of the fibre, and also increase the flexibility of the fibres. 
Due to this directional friction effect, fibres can easily tangle up when they are agitated mechanically. 
Even though the agitation in wool scouring is relatively gentle, it is still sufficient to cause a degree of 
felting during scouring. 
 
There are also a number of fibre properties that can have an effect on the level of fibre entanglement 
during scouring, for instance fibre diameter. For a given unit mass, the finer wools have a greater 
surface area, more wax and dirt, and a greater number of fibres.  Finer wool scouring requires a higher 
detergent level to remove the contaminants, especially the wool wax. In addition, for a given volume, 
finer wool will have more fibre/fibre contacts, which would encourage entanglement. Finer wools 
would therefore felt more. The level of fibre crimp and the degree of fibre alignment before scouring 
can also have an effect. High fibre crimp would result in more chances for the scales to have an 
opposed configuration, whereas poorly aligned fibres already have a degree of fibre entanglement 
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before scouring begins. Due to the differences between alpaca and wool fibres, a lower level of fibre 
entanglement for alpaca fibre is expected. 
 
2.2.10  Drying of Scoured Fibre 
The wool must be dried and returned to a suitable regain before further processing. Drying is an 
expensive operation and on-line regain monitoring is essential. In this way the regain can be controlled 
by dryer variation or scour feed rate variation. 
 
The regain for scoured wool is generally around 10-14%. However, due to the small quantity and slow 
feeding of greasy alpaca fibre for scouring, sometimes it is difficult to control the moisture regain of 
the scoured alpaca fibre. For instance, the scoured fibre regain from this trial is 4% or 6%. 
 
2.3  Results and Discussion 
 
2.3.1  Scouring Methods and Their Effectiveness 
Table 2.1 shows some compositions of alpaca fibre in comparison with greasy wool fibre. Greasy 
alpaca fibre contains less grease and suint than greasy wool. Due to the lack of knowledge for alpaca 
fibre scouring and the fact that alpaca fleece has a low grease content, most Australian alpaca fleece 
was scoured using a conventional wool scouring regime with a low level of detergent application. 
 

Table 2.1  Impurities in wool and alpaca fleeces 
 Wool [109] 
 Merino Cross-bred Alpaca 

Fibre (%) 49 61 75-82 
Dirt & VM (%) 19 8 3-10 
Water (%) 10 12 12 
Suint (%) 6 8 1 
Grease (%) 16 11 1-3 

 
Regimes 1 and 5 in Table 2.2 show an example of bowl settings commonly used for wool and alpaca 
fibre scouring respectively. The total detergent dose for greasy wool is about 0.75% on weight of 
greasy fibre throughput, while for greasy alpaca fibre, it is about half the dose (0.4%) of wool 
scouring. The alpaca fibre scouring Regime 1 in Table 2.2 is currently used as a standard method for 
all alpaca fleece scouring in Australia. 
 
To examine the effect of bowl settings on the effectiveness of scouring, five scouring regimes, shown 
in Table 2.2, have been designed to scour the alpaca fibres. Two bales of greasy alpaca fibre in a 
strong micron classing line were manually unpacked and blended. The fibre was then divided into five 
sub-lots, four of which were scoured using scouring regimes 1 to 4 respectively, one of which was 
dedusted with a Shirley fibre opener then scoured using the scouring Regime 4. To examine the effect 
of fibre microns on the scouring effectiveness, a fine alpaca fibre lot was also scoured using scouring 
Regime 1. Bales of medium alpaca fibre were scoured using scouring Regime 5. Regimes 1 to 4 were 
conducted on a small-scale scouring machine while Regime 5 was carried out on a large scouring 
machine at a commercial wool-scouring mill. 
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Table 2.2  Regimes used for greasy alpaca fibre scouring 

Bowl Regime Setting 1 2 3 4 5 6 
Temp (°C) 65 65 60 60 55 50 
Charge (g/l) 0.15 0.15 0.15    1. Standard 
Dosage (%)  0.2 0.2    
Temp (°C) 65 65 60 60 55 50 
Charge (g/l) 0.1 0.1 0.1    2. Low Detergent 
Dosage (%)  0.2 0.2    
Temp (°C) 50 50 50 50 50 50 
Charge (g/l) 0.15 0.15 0.15    3. Low 

Temperature 
Dosage (%)  0.2 0.2    
Temp (°C) 30 50 50 50 50 50 
Charge (g/l) 0.05 0.15 0.15    4. Desuint 
Dosage (%)  0.2 0.2    
Temp (°C) 65 65 60 60 55 50 
Charge (g/l) 0.5 0.5 0.5 0.1   5. Wool 
Dosage (%) 0.125 0.25 0.25 0.125   

 
Table 2.3 shows the total fatty matters and ash contents on the greasy fibres used for all scouring trials. 
It can be seen that alpaca fibre contains a low level of ash content and less than 3% solvent extractable 
matters, which is consistent with other measured results presented in Chapter 1. Although the strong 
samples (Table 2.3) are from the same batch of two mixed bales, their solvent extraction and ash 
content vary a lot, indicating that the fibre was a collection from many farms, on which small amount 
of strong micron fleece was produced under different farming conditions. 
 

Table 2.3  Statistical results of greasy alpaca fibres for scouring 
Regime Sample Solvent Extraction (%) Ash content (%) 

1 Strong 1.55 4.71 
1 Fine 1.92 6.02 
2 Strong 0.60 3.35 
3 Strong 1.52 4.88 
4 Strong 0.80 4.71 
4 Strong dedusted 0.56 3.43 
5 Medium 2.39 8.49 

 
Dedusting can significantly remove sand and dust on the greasy fibre. In the case of strong alpaca 
sample, 2% dust has been removed with a Shirley fibre opener. During dedusting, fibre was opened by 
severe mechanical actions. However, 3.4% ash still remains in the dedusted fibre after scouring. This 
suggests that some dust in the fleeces is not easy to remove by mechanical shaking. As a matter of 
fact, much less floating dust was observed around the feeding section of the scouring machine when 
feeding the dedusted fibre than the fibres without going through dedusting process. 
 
Results in Table 2.4 show that all scouring regimes can significantly remove contaminants (grease and 
dirt), especially grease. The wool scouring usually gives a solvent extraction of scoured fibre less than 
0.5% [13]. The solvent extraction in all scoured alpaca fibre samples is within this limit. 
 
All scouring regimes cannot achieve ideal ash removal. The ash content on the scoured fibre is a bit 
high, especially for low detergent and low temperature regimes (Regimes 2 and 3), compared to that 
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on wool, which aims for less than 1%. Perfectly clean wool has an ash content of about 0.5%. The 
wool scouring regime is the best for alpaca fibres in terms of ash removal. 
 
The residual scourable solids, which may include dirt, wool wax and proteinaceous contaminants on the 
scoured fibre, is surprisingly low compared to the ash contents. The scourable solids test uses a fairly 
severe scouring regime to further scour the scoured alpaca fibre. If we cannot remove what is left on 
the alpaca fibre during the test, the scourable solid is not going to come off in the normal scour 
irrespective of what we do. If we take away all scourable solids from the ash content, the ash content 
in the scoured alpaca fibre is still much higher than 0.5%. This might indicate that we cannot scour out 
some fine dirt that is well bound on the alpaca fibre. All scouring regimes examined have almost 
achieved the maximum efficiency to remove scourable solids. 
 

Table 2.4  Statistical results of scouring performance 

Regime Sample 
Solvent 

Extraction 
(%) 

Ash 
Content 

(%) 

Scourable 
Solids 
(%) 

Scouring 
Yield 
(%) 

1 Strong 0.22 1.13 0.29 89.2 
1 Fine 0.21 1.23 No test 85.9 
2 Strong 0.11 1.46 0.25 90.6 
3 Strong 0.39 1.45 0.31 90.6 
4 Strong 0.55 1.27 0.67 87.9 
4 Strong dedusted 0.19 1.25 0.34 89.2 
5 Medium 0.34 1.06 No test No test 

Note: 
• Ash content is a measure of the mineral matter attached to a sample. It is the residue of the 

sample after it has been subjected to charring and heating to 800oC. It is expressed as a 
percentage of the sample mass and is taken to represent the dirt (sand and soil). 

• Solvent extraction method removes only the solvent extractable material from the fibre, all the 
dirt remains with the extracted sample. The solvent extracted material can include yolk, 
residual detergent and also some of the less polar suint salts. 

 
The scouring yield of greasy strong alpaca fibre, as shown in Table 2.4, is more than 85%, which is 
much higher than that of greasy wool. A high scouring yield also means that the load of scouring 
effluent is low and the alpaca fibre scouring has less environmental impact than wool. 
 
According to data of Regimes 4 and 5 in Table 2.4, the scouring performance of dedusted fibre seems 
slightly better than undedusted fibre. The significance of dedusting might be the benefit of low dust 
floating around the feeding section of the scouring machine, which provides a better working 
environment for operators who load the fibre manually onto the small-scale scouring machine. 
 
From Table 2.4 we can also see that the values of solvent extraction, ash content, scourable solids and 
scouring yield are very close, and thus there is no significant difference between scouring regimes. 
Regimes 1 and 5 seem to be viable methods for alpaca fibre scouring. 
 
2.3.2  Surface Morphology of Alpaca Fibres 
In order to reveal how the dirt remains on the fibre, we examined the alpaca fibres under the Scanning 
Electron Microscope (SEM). The fibre samples were taken from various fibre processing stages. The 
SEM image of unscoured alpaca fibres in Figure 2.2 show that a lot of dust particles are bound on the 
fibre surface. It appears that most of dust particles are associated with the scale tips. This suggests that 
most of dirt nests at the tips of scales and it is possible that scales may provide a ‘shelter’ for the dirt, 
and the dust is difficult to remove during scouring. 
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Medium white alpaca fibre  Strong DKBR alpaca fibre 

Figure 2.2  SEM images of unscoured alpaca fibres 
 
Large dust particles on the alpaca fibre surface can be easily removed after scouring. Figure 2.3 shows 
two micrographs of scoured fibres as examples. However, some fine dust particles may still be bound 
on the fibre surface. 
 

   
Figure 2.3  SEM images of a white alpaca fibre scoured with Regime 5 (Left) and a BR fibre scoured 
with Regime 1 (Right). 
 
Figure 2.4 shows the surface of an alpaca fibre sampled from a 28s, 343t/m alpaca yarn. It can be seen 
that although the fibre has gone through a lengthy fibre processing route from scouring to yarn, some 
fine dust particles are still bound to the fibre surface. The dust particles are firmly bound to the fibre 
even after the fibre scale was removed during processing. 
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Figure 2.4  A SEM image of an alpaca fibre sampled from an alpaca yarn. 
 

Possible dirt particles under the 
scales 
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Although the greasy alpaca fibres were scoured, processed, bleached and dyed, the trace of possible 
dirt underneath the scales can still be seen as shown in Figure 2.5. 
 

  
A: Sampled from a top bleached yarn   B: Sampled from a top bleached then dyed yarn 

Figure 2.5  SEM images of alpaca fibres in finished yarns (fibres were washed with ethanol before 
preparing the SEM specimens) 
 
2.3.3  Processing Performance 
The residual contamination has great implications for wool processing. A difference of as little as 
0.2% ash or wool wax could have subtle processing implications, such as the reduction of the effect of 
processing aids (e.g. lubricant), increased wear on processing lines, and roller lapping. Here we 
examined the effect of high ash content on the fibre processing performance. 
 
Alpaca fibre lots from the scouring Regimes 1 (Fine and Strong) and 4 (Strong dedusted) were 
selected for conversion to tops for the examination of fibre processing performance. Table 2.5 
summarises some key data through the process. Comparing the two strong fibre lots, it can be seen that 
standard scouring method produced slightly better top than the desuint method. This is because the 
fibre for desuint scouring might be damaged during the dedusting process. The fibre scoured with 
desuint method can achieve a higher carding production rate and a slightly better carding yield than 
the fibre scoured with standard method. The higher combing noil in the desuint lot is also due to the 
fact that dedusting damaged the fibre. The ash contents in tops are still very high even after the 
lengthy topmaking process. This suggests that the ash might be firmly attached to the fibre. It is also 
possible that the scale tips of strong alpaca fibres open more than those of fine alpaca fibres, so that 
more dirt resides in the strong alpaca fibres than fine alpaca fibres at the top stage. 
 

Table 2.5  Comparison of top making between the scouring regimes 1 (Standard condition) and 5 
(Desuint condition) 

Scouring regime Standard Desuint 
Fibre Fine Strong Strong 

Dedusting No No Yes 
Card production rate (kg/hour) 31.5 36 47 Carding Carding yield (%) 83 90 91 

Combing Combing noil (%) 6.01 4.16 5.84 
Fibre diameter (µm) 21.2 32.4 33.2 
CV-diameter (%) 25.0 24.6 24.9 
Average fibre length (mm-Hauteur) 83.5 68.9 65.0 
CV-Hauteur (%) 39.0 41.3 44.9 
% Fibre < 30-mm 5.8 10.7 12.1 

Top 

Ash content in top (%) 0.45 0.86 0.98 
Note:  Machine settings are basically the same for all fibre lots. 
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It was observed alpaca fibres scoured using both standard and desuint scouring regimes cannot achieve 
the same fibre processibility as wool fibre. Rollers could easily pick up the ash in the alpaca fibres, 
especially in the fine alpaca fibre, and lapping occurred regularly. Figure 2.6 shows an example of dirt 
deposits on the front roller of a gillbox. 
 

 
Figure 2.6  Dirt deposits on the front roller of a gillbox. 
 
In addition to the ash content in the scoured fibre, inadequate fibre moisturising and mill 
environmental control (temperature and relative humidity) also affect the alpaca fibre processing 
performance. This is discussed in Chapter 3. 
 
2.4  Recommendations of Some Possible Further Work for Alpaca 
Fibre Scouring 
 
Based on the observation and experimental results, we recommend the following to the Australian 
alpaca fibre industry: 
 
• For the long-term development, the industry should breed white alpacas and use wool scouring 

mills to scour a large quantity of white and light-colour alpaca fibres. 
High scouring cost is one of the major issues facing the alpaca fibre industry. The industry pays a 
scouring fee of up to $3 per kilogram alpaca fibre, while the scouring fee for wool is sometimes 
less than ¢30 per kilogram fibre when scoured in a wool scouring mill. This is simply because 
alpaca fibres are currently scoured using a small-scale scouring machine, and dark coloured alpaca 
fibre contaminates wool scouring line. Machine cleaning is required after scouring and thus adds 
additional cost to the scouring process. As such, for a viable alpaca fibre industry, farming white 
alpacas has the first priority. 

 
• For the time being, both standard and wool scouring regimes can be used for alpaca fibre scouring. 

Dirt removal seems to be a major issue for alpaca fibre scouring. The current scouring detergent 
removes grease efficiently. However detergent and scouring conditions might be further 
optimumised to remove dirt. 
 

• Compositions of alpaca contaminants should be analysed in detail. 
The detergent selection and scouring condition settings depend on the contaminants. The current 
alpaca scouring regime is derived from the wool scouring. The contaminants from greasy alpaca 
might be slightly different from greasy wool. A detailed analysis of alpaca contaminants will help 
with the design of an optimum scouring regime. 

 
• Scouring machine may be modified to improve the production rate and quality of scoured alpaca 

fibre. 
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Alpaca fibre opening appears to be an issue. Opened greasy alpaca fibre is fluffy compared to 
greasy wool. It causes fibre feeding and wetting problems. Feed rate variation affects the mat 
thickness and regain of the scoured alpaca. Fine alpaca fibre can be easily picked up by squeeze 
rollers. Installation of a proper doffing mechanism will save operators constant intervention. 
Developments in these areas may lead to better controls of alpaca scouring in the future. 

 
• Dedusting before scouring is recommended. 

Dedusting removed about 2% dust, reduced the dust level around the scouring machine and 
improved scouring efficiency. To avoid fibre damage during dedusting, an appropriate fibre 
opener/dedustor is necessary. 

 
2.5  Conclusion 
 
Scouring is one of the key issues that should be tackled by the alpaca industry. To understand the 
scouring technology better, in this Chapter, we reviewed the background of wool scouring and made 
recommendations to alpaca fibre scouring. Several alpaca scouring trials have been conducted to 
investigate the feasibility for improving the current alpaca fibre scouring regime and identify ways to 
reduce the scouring cost. 
 
The following scouring experiments have been studied: 
 

• Standard scouring regime for scouring fine and strong alpaca fibres; 
• Scouring under a lower detergent level; 
• Scouring under a lower bowl temperature; 
• Scouring under a lower bowl temperature with the addition of desuint-type step; 
• Desuint-type scouring for dedusted fibre; 
• Scouring alpaca fibre using a wool scouring regime. 

 
Scouring results (solvent extractions, ash contents and fibre yield) indicate that there is no significant 
different between the scouring regimes in terms of scouring performance. All regimes can achieve 
satisfactory removal of grease. However, no regimes can achieve the ash content below 1%. The high 
ash content affects the processing performance of alpaca fibre. Alpaca fibre has a higher scouring 
yield compared to greasy wool. It is around 90%. 
 
Dedusting removed about 2% dust, reduced the dust level around the scouring machine and improved 
scouring efficiency. 
 
To understand the binding of dirt with the alpaca fibre, Scanning Electron Microscope (SEM) was 
employed to observe the fibre surface in details at high magnifications. This study shows that scouring 
can efficiently remove large dirt particles but not the fine ones. 
 
For the long-term development of Australian alpaca fibre industry, white alpacas should be bred so 
that wool scouring mills can be tempted to scour alpaca fibres. This will reduce the scouring cost of 
alpaca fibres. 
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Chapter 3 
Processing of Alpaca Fibres 
 
3.1  Introduction 
 
Australian alpaca fibre processors need to manufacture high quality and value added alpaca products. 
Currently, there are no dedicated facilities to process alpaca fibre due to the quantity limitation of the 
alpaca fibre and underdevelopment of the alpaca fibre industry. Both alpaca and wool fibres are 
animal fibres, and their physical and mechanical properties are very similar. Wool fibre processing 
facilities are usually used for alpaca fibre processing. 
 
Alpaca fibre processing is relatively new to the alpaca fibre industry. Due to the lack of knowledge on 
Australian alpaca fibre processing and limited facilities in some processing mills for quality control of 
fibre processing, trials for alpaca fibre processing have therefore been conducted at different mills to 
gain some knowledge of alpaca fibre processing, assess the quality of alpaca products and examine 
machine conditions. 
 
Since alpaca fibre is very similar to wool fibre, it is assumed that alpaca fibre processing should follow 
the same route as wool fibre. Normally, there are three intermediate gillings before combing, two 
gilling operations on the combed sliver for worsted top finishing, and three gillboxes for worsted 
drawing before roving and worsted spinning. Some fibre processors therefore follow the same 
sequences of wool processing for alpaca fibre processing, others skip a pre-combing gillbox (no third 
gilling after carding) for worsted alpaca yarn processing. If two preparer gillings are acceptable, 
skipping one post-combing gilling/drawing may also be feasible. In order to design a route of alpaca 
fibre processing, we give a brief review of wool fibre processing here. 
 
3.2  Wool Processing Systems 
 
The modern wool textile industry is dominated by three major systems for converting fibres into 
fabrics: the woollen, worsted and semi-worsted systems, which make woollen, worsted and semi-
worsted yarns respectively. Amongst the above three processing systems, the worsted system has the 
longest process. About 80% of Australia wool is processed using the worsted system [7]. Worsted 
yarns, compared with woollen and semi-worsted yarns, differ a great deal in both their character and 
their end-use. Worsted yarns are smoother, stronger, and more uniform and can be finer, thus giving 
the ultimate worsted fabric a neat, smooth appearance and a visible structure. On the other hand, the 
woollen fabric normally has a rough and bulky appearance, mainly because the woollen yarns are 
fuzzy and have the constituent fibres crossed in all directions. Yarns produced from the semi-worsted 
system contain fibres of all lengths, and are much bulkier and lack the leanness and smoothness 
compared with worsted yarns. They are suitable for end uses such as carpets, blankets, upholstery and 
hand-knitting [18]. Generally speaking, these differences arise from the fact that the processing units 
and their arrangements in woollen, worsted and semi-worsted systems are quite different. The worsted 
system, in particular, uses a much longer processing route from raw material to resultant yarn than the 
other systems. 
 
3.2.1  The Woollen System 
The woollen system is capable of processing wools and animal fibres of almost any fibre length 
distribution, some of which otherwise would be wasted. The products may range from cheap re-
manufactured fibres, such as waste wools or noils from worsted combing, to more luxurious fibres, 
such as lamb’s wool and expensive luxury fibres, such as cashmere and vicuña. A woollen card is used 
to provide an intermediate slubbing for producing a rough, whiskery woollen yarn in which fibres are 
crossed in all directions [18, 88]. 
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3.2.2  The Worsted System 

 

Blending 

Dust Removal (if needed) 

Scouring 

Raw wool and hairs 

Drying 

Carding (maximum fibre length < 200 mm) 

Intermediate Gilling (usually 3 gill boxes) 

Combing (usually rectilinear) 

Top finishing (usually 2 gill boxes) 

Top dyeing (or bleaching) 

Backwashing 

Drying 

Blending 

56S wool quality and finer 

Comb preparing (3 gill boxes) 

Recombing 

56S wool quality and coarser 

Gill mixing (2 operations) 

Top finishing (2 operations) 

Drawing (2 to 5 operations) 

Spinning 

Winding and clearing 

Folding and re-winding if required 
 

Figure 3.1  Worsted system flow chart [88] 
 
Worsted yarn differs widely from woollen yarn in its character and end-use. All worsted type yarns are 
sleek and have a well-defined outline compared to the hairy surface of the bulky woollen type yarns. 
The methods of producing these yarns also differ significantly. The worsted system involves a much 
larger number of processes, as shown in Figure 3.1. The key factor, which makes the difference 
between worsted system and woollen and semi-worsted systems, is the operation of combing. 
Combing separates the longer fibres from the short staple, which is combed away so that a fine, firm 
and smooth yarn can be spun from the combed wool. Wool combing is thus the main characteristic of 
the worsted system, and is generally regarded as being of major practical importance [34]. Fibres in a 
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worsted yarn are laid more or less parallel to each other, giving the yarn and the ultimate fabric a neat, 
smooth appearance [18]. A worsted card is used to produce pre-comb slivers. 
 
3.2.3  The Semi-worsted System 
With the aid of modern developments, it is now possible to spin yarns having characteristics similar to 
both the traditional woollen and the worsted yarns. In this “semi-worsted” system, combing is omitted. 
Instead of using the technique of producing rovings on the traditional woollen system, the card slivers 
are prepared on standard type gillboxes and then spun on the conventional type spinning frames. This 
system is employed mainly for the production of medium and coarse yarns. This system may be used 
for processing 100% wool, 100% man made fibre, or blends for use in products such as carpet pile, 
upholstery, and hand-knitting yarns, mainly in the count range of from 100 tex to 300 tex or thicker. 
Worsted-type machinery is generally used in this system, so that high production rates with large 
packages and low labour costs can be achieved [18, 88]. 
 
Because this type of yarn is generally smoother, stronger, and more uniform than woollen yarns, the 
semi-worsted process has increased in popularity for the production of tufted carpet pile yarns which 
are frequently spun from stock-dyed blends of man made fibre. The semi-worsted system is not widely 
used for 100% wool processing because of the relative shortage of suitable wools. For satisfactory 
processing, wools must have a good fibre length, i.e. a mean fibre length not shorter than about 64 
mm, and with not more than 30% of the fibres shorter than that length. Grease content must not exceed 
1%, so that fettling will not be required with the rigid metallic card clothing used. The system is most 
frequently used for processing man-made fibres from 9 to 17 dtex, in lengths from about 100 to 150 
dtex [88]. Many types of wool unsuitable for semi-worsted processing are still dealt with on the 
woollen system. 
 
3.2.4  Alpaca Fibre Processing System 
Alpaca fibre is generally coarser than wool fibre, and alpaca yarns are weaker than most wool yarns, 
which are discussed in Chapter 4. Only a small amount of medium and strong alpaca fibres are 
processed on the woollen system, to produce blanket and carpet yarns. In addition, alpaca fabrics are 
fuzzier than wool fabrics. Therefore, worsted fibre processing is expected to be the best choice for the 
alpaca fibre. The research in this project thus focuses on the worsted processing of alpaca fibres. 
 
3.3  Main Processes in the Worsted Alpaca Fibre Processing 
 
Several trials of worsted alpaca fibre processing have been conducted to evaluate the process 
effectiveness. Some major processes examined are summarised below. 
 
3.3.1  Scouring 
As discussed in Chapter 2, greasy alpaca fibres are usually scoured through an aqueous scouring 
process, in which most of the grease, dirt, suint and protein contaminants are removed, but vegetable 
matters (VM) still remain. Alpaca fibre has less grease than wool fibre, and therefore, the scouring 
condition for alpaca fibre is normally gentler than for wool. 
 
3.3.2  Carding 
In order to convert the scoured alpaca fibre into a yarn, a carding process is inevitably needed. A 
worsted card is used to convert the entangled flock of scoured alpaca fibres into a carded sliver with 
better fibre parallelisation. 
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Like wool fibre, the main objectives of worsted alpaca fibre carding are: 
 
• To open and individualise the entangled scoured alpaca tufts with minimum fibre breakage, and 

blend the different groups/types of fibres uniformly; 
• To remove most of the impurities mechanically (i.e. burrs and other vegetable matters), which may 

cause defects in the ultimate yarn appearance; 
• To align the fibres in a more or less parallel form, avoiding any detrimental effect on the mean 

fibre length and reducing combing tear in the subsequent combing stage; 
• To form a rope-like sliver of definite weight and thickness. 
 
3.3.3  Preparer Gilling 
The preparer drafting plays a peculiar role that influences the combing performance, and furthermore, 
the evenness of the fibre assembly subsequently obtained. Generally, drafting helps to straighten fibres 
and removes hooks. The fibre configuration in the yarns is closely related to the yarn strength. The 
purpose of the gilling operation is therefore to straighten and parallelise the fibres of the sliver in 
preparation for the combing operation. Since the alpaca fibre surface is smooth and the fibre crimp is 
much lower than wool fibre, alpaca fibre can be easily straightened and parallelised through gillings. 
The number of gilling passages before spinning may not be necessarily the same as wool. 
 
Three intermediate gillings between carding and combing are often used in the worsted system to 
ensure good fibre blending and parallelisation. With the three gilling arrangement, fibres are presented 
to the comb in the right direction. Fine and baby alpaca fibre usually use three preparer gillings. 
However, to process medium and strong alpaca fibres, two intermediate gillings may also be used to 
retain sliver cohesion force and reduce processing cost. 
 
3.3.4  Combing 
In order to produce premium alpaca yarns necessary for the worsted trade, the fibre material has to 
possess certain properties, such as absence of very short fibres (shorter than 15 mm) and impurities, 
such as neps and vegetable matters. To produce a sliver with the necessary characteristics for the 
production of a worsted yarn, a combing process is therefore necessary. The main objectives of 
combing must be: 
 
• To remove the short fibres, highly entangled fibres (e.g. neps), and remaining foreign matters (eg. 

VM); 
• To arrange the remaining long fibres into a more or less parallel formation and at the same time, 

assemble them into a continuous sliver. This sliver is very crucial for the production of fine and 
strong worsted yarns. 

 
3.3.5  Top Finishing and Blending 
After combing, the fibre blending and sliver evenness are accomplished by means of drafting and 
doubling. It is normal to use two gilling operations to arrange the fibres into a satisfactory sliver of 
definite and uniform weight per unit length. The second gilled sliver is called a top. Because of the 
limited quantity of alpaca fibre, in most cases, scoured alpaca fibre is processed in a vertical mill. In 
other words, tops will be converted into rovings and further engineered into yarns directly in the same 
mill. 
 
An alpaca fibre top can be blended with a wool top through gillings. Fibre colour in the alpaca top 
should be light or bleached. At least 3-5 gillings are required to achieve basic blending evenness. 
Chapter 5 discusses alpaca/wool blends in more detail. 
 
3.3.6  Top Bleaching and Dyeing 
The bulk of Australian alpaca clips is coloured. To meet the fashion market demands, it is often 
necessary to remove the pigment from various coloured fibres and dye the fibre a new colour. 
Bleaching tops followed by dyeing tops/yarns/fabrics are common. Because colour shades between 
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fleeces in the same classing line vary a lot, the colour in the bleached fibre may also vary. Top 
bleaching and dyeing can achieve better colour levelness in the final products, because post-top 
gillings mix the fibres homogeneously. Chapter 7 discusses alpaca fibre bleaching and dyeing in more 
detail. 
 
3.4  Alpaca Fibre Processing Trials 
 
Three trials of alpaca fibre worsted processing have been conducted at different mills, as listed in 
Table 3.1. Fibres from three classing lines, fine, medium and strong were processed. 
 

Table 3.1  A list of alpaca fibre processing trials 
Trial Fibre Card Comb Mill Note 

I Medium ATC NSC PB28 Industry Using two batches to examine the 
necessity of third preparer gilling 

II Strong Thibeau CA6 PB31-131 IFC Processing alpaca fibre on the 
modern wool manufacturing line. 

Fine Thibeau CA7 NSC PB30 Pilot plant Processing different fibre types and 
topmaking for blending 

Strong Thibeau CA6 NSC PB30 Pilot plant Control of dedusted fibre 
III
  

Strong Thibeau CA6 NSC PB30 Pilot plant Dedusted fibre for comparison. 
 
3.4.1  Alpaca Fibre Processing Trial I 
A few quality issues have been identified during visits to an alpaca fibre processing mill and through 
consultations with mill management. To address these issues, a processing trial, as outlined in Figure 
3.2, was conducted to study the alpaca fibre processing performance at the mill and examine the effect 
of two and three preparer gillings on the quality of tops and yarns. Table 3.2 lists the settings of 
machine speed and draft for each process. 
 

Table 3.2  Machine speed, draft and gillboxes used in Trial I 
Process Sliver delivery speed (m/min) Draft 
Carding 30 N/A 
1st gilling 65 6 
2nd gilling 67 6.4 

Batch 1 Batch 2 Batch division Speed (m/min) Draft Speed (m/min) Draft 
3rd gilling Not go through this gilling 67.5 6.4 
Combing 13 N/A 12 N/A 
1st gilling 55 5.2 45 5.2 
Top finishing 67.5 6.4 80 5.2 
1st drawing 60 7.5 89 9.6 
2nd drawing 67 8.3 90 8.6 
3rd drawing 70 7.8 Not go through this gilling 
Roving 70 11.9 70 11.9 
Yarn 10-25 10.57 ~25 10.57 
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Figure 3.2  Block diagram for Trial I alpaca fibre processing 
 
3.4.2  Alpaca Fibre Processing Trial II 
This trial was aimed at processing alpaca fibre using a modern worsted wool fibre production line 
under a well-controlled mill environment. It used three preparer gillings and two drawings before 
roving. Table 3.3 lists the settings of machine speed and draft for each process. 
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Table 3.3  Machine speed and draft used in Trial II 

Process Sliver/yarn delivery speed (m/min) Draft 
Carding 31 - 
1st gilling 103 5.3 
2nd gilling 103 5.3 
3rd gilling 133 6.6 
Combing 15 - 
1st post-combing gilling 66 5.6 
Top finishing 56 6.3 
1st drawing 76 8.3 
2nd drawing 76 4.9 
Roving 36 7.8 
Yarn 10-25 ~25 

 
3.4.3  Alpaca Fibre Processing Trial III 
Using fine and strong alpaca fibres, this trial was aimed at alpaca topmaking and further evaluating the 
alpaca fibre processing route obtained from previous trials. Three preparer gillings were used for the 
fine alpaca fibre and two preparer gillings were used for the strong alpaca fibres. Table 3.4 lists the 
settings of machine speed and draft for each process. 
 

Table 3.4  Machine speed, draft used in Trial III. 

Fibre Fine Strong Strong, Shirley 
dedusted 

Setting Sliver delivery 
speed (m/min) Draft Sliver delivery 

speed (m/min) Draft Sliver delivery 
speed (m/min) Draft 

Carding 31.8 - 30.6 - 30.2 - 
1st gilling 150 6.6 6.6 150 150 6.6 
2nd gilling 150 7 6.6 150 150 6.6 
3rd gilling 150 7.5 Omitted - Omitted 
Combing 14.6 - 14.6 - 14.6 - 
1st gilling 40 5.09 6.9 40 40 6.6 
Top  150 6.1 6.9 150 150 6.6 

 
3.5  Results and Discussion 
 
3.5.1  Carding Performance 
From the results in Table 3.5, we note that: 
 
• Carding production rate of alpaca fibres is in the range of 12-19 kg/hour/m; 
• The total burr waste is less than 1%; 
• Carding yield is more than 90% for medium and strong fibres, but below 90% for fine alpaca 

fibre. 
 
Quite a large amount of fibre waste was deposited in the pit below the card when processing the fine 
alpaca fibre. The sweepings is approximately 10% of the input fibre weight and contributes to the 
relatively low carding yield of 83%. It should be noted that the sweepings is not fibre waste. It may be 
fed through the card again after dedusting. 
 
Because alpaca fibre is fluffy and slippery, the fibre cannot be efficiently transferred during carding. 
For the same reason, the cohesion force of carded alpaca sliver is very weak (sliver breaking length is 
less than 2m, as revealed in Chapter 5), and sliver often breaks before it can be delivered into a can. 
This affects the carding efficiency. In fact, the actual production rate for the experiments is sometimes 
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even lower than the data reported in Table 3.5, if the machine stopping time is considered. The 
production rate of carding alpaca fibre is much lower than the production rate of carding wool fibre, 
which is more than 100 kg/hour. For example, CA7 card has a productivity rate of 250 kg of wool per 
hour (100kg/hr/m) [31] 
 

Table 3.5  Key results in carding and combing from all three trials 
  Carding Combing 

Trial Note Production 
rate (kg/hr/m) 

Total burr 
waste (%) 

Yield 
(%) 

Production 
rate (kg/hr) 

Noilage* 
(%) 

I Batch 1, Medium 18.4 0.44 92.7 11.5 3.4 
I Batch 2, Medium 18.4 0.44 92.7 10.8 3.3 
II IFC, Strong 15.0 0.99 92.0 22.4 4.3 
III Fine fibre 12.6 0.69 83.0 15.8 6.0 
III Control, Strong 14.4 0.19 90.0 17.2 4.2 
III Shirley dedusted, Strong 18.8 0.19 91.0 14.5 5.8 
Average 16.3 0.49 90.2 15.4 4.5 

* Nip distance: 34mm 
 
It should be mentioned that low carding speed might significantly minimise the fibre damage. A top 
maker used a high carding speed to process alpaca fibre from the same fine fibre lot used in Trial III. 
The resultant top had a Hauteur less than half of the top Hauteur produced from Trial III. Even after 
top recombing, the Hauteur in the recombed sliver was only about half of the top Hauteur produced 
from Trial III. As high speed carding does not increase wool fibre damage [94], the effects of carding 
speed and alpaca fibre conditions prior to carding need further investigation. 
 
3.5.2  Adding Strength to Weak Slivers 
To solve the lack of fibre cohesion problem in carded alpaca fibre, two approaches have been 
attempted, strengthening the sliver cohesion by adding twists (Figure 3.3) and shortening the distance 
between deliver rollers and coiler. The first approach was employed in Trial II and the second 
approach was used in Trial III. 
 
A sliver false twist system, which consists of a twist apparatus and a motor that was controlled by an 
FVR-K7S-EX FUJI programmable inverter, as shown in Figure 3.3, was used to add twists to the off-
card sliver in between coiler and delivery rollers. The twisted part of sliver should be strong enough to 
cope with the long travel distance (approximately 1.6m from delivery point of carded sliver to the first 
coiler guide) on the card. The strength of twisted sliver depends on the number of twists added. High 
sliver density and high carding speed require more twists on the slivers. This sliver false twist system 
is low in cost and easy to install. It applies best to the carded sliver of a good evenness. 
 
Another arrangement that can be used to cope with the sliver breakage is to shorten the distance 
between the delivery rollers and the coiler, and reduce the frictional force on the travel path. This can 
be achieved by using a portable sliver coiler to collect the card sliver off the card. If the carding speed 
increases, it is difficult to synchronize the coiler speed with the carding speed. This is another reason 
why low speed carding was used in Trial III. 
 
Fine fibre has a low carding yield. This is because quite a large amount of waste was deposited in the 
pit below the card. The sweeping collected is approximately 10% of the input fibre weight and 
contributed to the relatively low card yield of 83%. 
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Figure 3.3  False twist system for adding fibre cohesion force in the sliver 
 
3.5.3  Combing performance 
From the combing results in Table 3.5, we note that: 
 
• The combing production rate of alpaca slivers is approximately 15 kg/hour; 
• Combing noil is about 4% for medium and strong alpaca fibres. However, fine alpaca fibre 

appears to produce more noil. 
 
The production rate for a worsted wool comb is normally 20 to 40 kg/hour. For all trials, the combing 
production rate is low (Table 3.5), which is good to preserve fibre properties, but increases production 
cost. If the combing production rate increases, the quality of combed sliver becomes poorer. 
 
Like carded sliver, combed sliver is also extremely weak for gilling. The same principle for weak 
carded sliver also applies to combed sliver. Adding real twists during combing can increase the sliver 
breaking strength. This technology has been developed in the previous research project for mohair 
fibre processing [111]. In Trial II, a similar technique was used to twist the combed sliver. Another 
approach is to gill the combed sliver on a small gillbox, to minimise the distance between the feeding 
creel and the point where combed sliver left the can. For example, the 1st post-comb gilling was 
performed on a slow Ingolstadt gilling machine in Trial III. 
 
3.5.4  Number of Preparer Gillings and Drawings 
The evenness of sliver, roving and yarn samples collected from Trials I and II was measured using a 
Uster 4 tester. The CV% values of the samples are presented in Figure 3.4. In Batch 2, one extra 
gilling (3rd preparer) should improve the sliver evenness. However, due to the poor processing 
conditions (such as processing the fibre at room temperature and r.h. in summer, and not well 
maintained machines), there is not much improvement in sliver evenness from the 2nd preparer (sliver 
count: 25.2ktex) to the 3rd preparer (sliver count: 23.6ktex). Trial II shows the significant improvement 
in sliver evenness with the 3rd preparer (count of 2nd gilled sliver: 21.2ktex, count of 3rd gilled sliver: 
19.9ktex). This is because the fibre processing conditions for Trial II are better than those for Trial I. 
In addition, one more prepare gilling for Batch 2 does not seem to result in less combing noil, as 

False twisted 
sliver 

False twist system
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shown in Table 3.5. The fibre Hauteur and CVH in rovings are 75mm 48% for Batch 1 and 75mm 
47% for Batch 2 respectively, indicating that the arrangement of two gillings before combing does not 
seem to affect fibre length in the end compared to that of three gillings. 
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Figure 3.4  CV% values at different alpaca fibre processing stages (Yarns: Nm28, 343 t/m) 
 
Although Batch 1 has one more drawing (3rd drawing) than Batch2 and Trial II, evenness of yarns 
from both trials is at the similar level. This may suggest that two drawings before roving does not 
significantly affect alpaca yarn evenness compared to three drawings. 
 
Maintaining the processing conditions is very important to the quality of alpaca slivers and yarns. It 
was observed that if the relative humidity (r.h.) in the mill was below 80% and alpaca fibre was not 
appropriately moisturised, static on alpaca fibres became a serious issue during fibre processing. For 
example, although Trial II uses strong fibre and the same processing route as Batch 2, which uses 
medium fibre, the yarn evenness from Trial II is slightly better than that from Batch 1, Trial II. This is 
because the mill environment for Trial II is more suitable for alpaca fibre processing, apart from better 
processing facilities. The conditions in the fibre processing room for Trial II were maintained at 15ºC 
and 85% r.h., while the conditions for Trial I were hot and dry and variable, as shown in Figure 3.5. 
Such low r.h. for Trial I dries fibre very quickly and creates static problems, which affect the 
performance of fibre processing. 
 
From Figure 3.4, it can also be seen that both trials reach almost the same CV% values at the 1st post-
combing gilling stage. Two drawings can also make good rovings. This may suggest that two gillings 
of carded sliver before combing and four gillings after combing before roving could be feasible for 
medium and strong alpaca fibre processing. 
 
It is worth mentioning that, compared to wool slivers, alpaca slivers are very weak, especially for 
medium and strong alpaca fibres that have low crimp. The third gillings before combing may make the 
gilled sliver even weaker. There are more discussions on the sliver strength in Chapter 5. In addition, 
due to the lack of strength during spinning, alpaca single rovings should be coarser than 0.6ktex, in 
order to prevent rovings from breaking. 
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Figure 3.5  Variation of relative humidity and temperature in the fibre processing room (Trial I) 
 
3.5.5  Fibre Opening 
Fibre opening before carding directly affects the evenness of carded sliver. The alpaca fleeces for all 
trials except the dedusted one were not properly opened at the time of scouring. Before carding, fibres 
need initial opening and blending to break large pieces of fleeces in order to feed fibre evenly, and get 
a uniform carding web and carded sliver. Alpaca fibre for Trial I was opened by a Hopper and Double 
Drum Opener, which was the feed section of a four bowl scouring machine. There is no fibre opening 
process for Trial II. The uneven fibre feeding and variation of sliver mass can easily be seen from the 
fibre mass variation of carded sliver as shown in Figure 3.6.  
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Trial I:  Test speed V=20m/min, Time t=10min 

 
Trial II:  Test speed V=25m/min, Time t=5min 

Figure 3.6  Uster mass diagram and spectrogram of carded alpaca slivers  
 
3.5.6  Gilling Performance 
Significant residual build-up on the gilling machine front rollers was noted for each gilling passage. 
An example of the roller build-up on the first preparer gilling machine is shown in Figure 3.7. 
Problems were also encountered with sliver periodically jamming in the coiler during each gilling 
passage. This can be mainly attributed to the residual build-up, which is caused by high ash content on 
the scoured fibre and high moisture level used for reducing the static problem during fibre processing. 
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Figure 3.7  Preparer gilling front roller residual build-up for fine alpaca fibre processing 
 
3.5.7  MFD Variations During Alpaca Fibre Processing 
It can be seen from Figure 3.8 that the mean fibre diameter increases slightly as the processing of 
alpaca fibre proceeds from carding to top stages. The MFD in fine alpaca top is about half a micron 
coarser than that in carded sliver, while the MFD in strong alpaca top is almost one micron coarser 
than that in carded sliver. Loss of fine fibres during gillings and combing contributes to the difference. 
The possible fibre flattening and diameter measurement method may also add to the difference. 
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Figure 3.8  Change of mean fibre diameter in the early stage of fibre processing 
 
The MFD in the scoured fibres is higher than that in the carded sliver. One reason is that the MFD in 
sweepings is 0.2-0.3µm coarser than that in both fine and strong fibres respectively. The main reason 
may be that some fine fibres remained in the card clothing and/or became fly fibres that floated around 
the machine. 
 
The combing noils are 1-3µm finer than slivers as shown in Figure 3.9. As mentioned before, this 
makes tops coarser than the pre-combing slivers. 
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Figure 3.9  Change of mean fibre diameter in top due to combing 
 
3.6  Conclusion 
 
Three trials have been conducted to examine the performance of alpaca fibre processing. For all trials, 
the carding production rate of alpaca fibres is around 16.3 kg/hour/m, which is well below the wool 
production rate. A low carding speed could significantly minimise the fibre damage and result in a 
longer top. Carding yield is more than 90% for medium and strong fibres, but only 83% for the fine 
alpaca fibre. The sweepings of fine alpaca fibre is approximately 10% of the input fibre weight and 
contributes to its relatively low carding yield. The sweepings may be fed through the card again after 
dedusting. The total burr waste is less than 1% for all diameter lines. 
 
The combing production rate of alpaca slivers is approximately 15 kg/hour, which is lower than the 
production rate for a worsted wool comb. The low rate is good for preserving alpaca fibre properties 
and producing quality combed slivers. Combing noil is about 4% (Nip distance: 34mm) for medium 
and strong alpaca fibres. Fine alpaca fibre appears to produce more noil than medium and strong 
alpaca fibres. 
 
Both carded and combed alpaca slivers lack fibre cohesion. This creates problems for the sliver 
transfer and delivery. Two approaches have been attempted, strengthening the sliver cohesion by 
adding twists and shortening the distance between sliver controlling points. Single alpaca rovings also 
lack strength. They should be coarser than 0.6ktex in order to prevent roving broken during spinning. 
 
Fibre opening before carding affects the evenness of carded sliver. If alpaca fibre was properly opened 
before carding, two gillings of carded sliver before combing may not affect combing performance 
compared to three gillings. Four gillings after combing before roving could also be feasible for 
medium and strong alpaca fibre processing. 
 
The mean fibre diameter increases about 0.5-1µm as the processing of alpaca fibre proceeds from 
carding to top stages and the MFD in sweepings is 0.2-0.3µm coarser than that in both fine and strong 
fibres respectively. The combing noils are 1-3µm finer than top. This makes tops coarser than the pre-
combing slivers. 
 
A high ash content on the scoured fibre and high moisture content for reducing the static problem can 
cause significant residual build-up on the gilling machine front rollers. As such, problems were 
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encountered with sliver periodically jamming in the coiler during each gilling passage. Achieving a 
low ash content is a major task for alpaca fibre scouring. 
 
Maintaining the processing conditions is very important to the quality of alpaca slivers and yarns. The 
relative humidity in a mill should be maintained at a level higher than 80% to minimise the static 
problems. Static results in frequent machine stopping and a high CVm in slivers, rovings and yarns. 
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Chapter 4 
Quality of Alpaca Tops, Yarns and Fabrics 
 
4.1  Introduction 
 
There is a lack of knowledge on the quality of Australian alpaca fibre products. Australian alpaca 
fibres may also have its unique characteristics, such as a different processing performance. It is 
therefore necessary to know the quality of alpaca products produced overseas. Benchmark work has 
therefore been set up to evaluate alpaca products world wide as a long-term strategy for quality 
control. The benchmark data of alpaca fibre and products provide some reference for Australian textile 
manufacturers. The quality data of alpaca products can be obtained from two product sources: 
experimental samples and commercial samples. Since Peru is the world’s major source of alpaca fibre 
with about 90% of the market share, alpaca fibre and its products (such as tops, yarns and fabrics) 
from Peru were collected for the assessment. Through investigating the quality of commercial 
samples, we can gain knowledge of alpaca fibre processing and find gaps for quality improvement of 
commercial products made from Australian alpaca fibre. 
 
4.2  Quality of Alpaca Tops and Yarns 
 
4.2.1  Samples 
Three types of alpaca tops (100BL, 100HZ and 100FS), two alpaca/wool blend yarns (FS/OV and 
BL/OV) and four alpaca yarns (BL2/16, BL2/28, FS2/11 and FS2/16) were provided by Australian 
Alpaca Co-operative. Each type of yarn has two cones of the same specification but some in different 
colour shades. All yarns were folded yarns with S twist (Z twist in single yarns). These samples were 
originally processed from Peru using local alpaca fibre (no information about wool). Some 
information related to the samples is listed in Table 4.1. All samples were conditioned for more than 
four days in the standard testing lab before any measurements. 
 

Table 4.1  Some information about the Samples 
Alpaca Fibre ID MFD (µm) Blend Yarn Blend ratio (Alpaca/wool) 

BL 21.5 BL/OV 70/30 
FS 26.5 FS/OV 50/50 

 
4.2.2  Results and Discussion 
 
4.2.2.1  Fibre Diameter and Curvature 
Fibre diameter and curvature were measured using the OFDA instrument. Results in Table 4.2 show 
that 100BL, 100FS and 100HZ tops are fine, medium and strong/extra-strong respectively in fibre 
diameter. The mean fibre diameters (MFDs) of 100BL and 100FS tops are basically equivalent to the 
specified values (Table 4.1), and both are slightly less than the specified mean fibre diameter. This 
might be because the diameter specification is for scoured fibre. After topmaking, it is possible that the 
MFD in a top is smaller than that in the scoured fibre, as reported in Chapter 3. Sampling and testing 
might also contribute to the difference. 
 
Fibre diameters in BL yarns (Table 4.2) are up to 0.7µm coarser than the specified value, while those 
in FS yarns are up to 1.5µm finer than the 26.5µm specified MFD. 
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Table 4.2  Fibre diameter and curvature measured using an OFDA instrument 
Sample MFD (µm) CVD (%) %AE30 Cur (º/mm) 

100BL 21.33 28.06 8.08 31.25 
100FS 26.42 30.84 27.75 27.39 T

op
 

100HZ 32.18 32.84 54.09 21.40 
BL 2/16 22.04 27.29 9.44 31.73 100% 
BL 2/28 21.91 27.09 9.15 30.70 

70/30 BL/OV 2/26 21.44 26.67 7.84 39.38 
FS 2/11 26.01 29.93 26.25 25.22 100% 
FS 2/16 25.09 29.10 22.14 28.70 

Y
ar

n 

50/50 FS/OV 2/26 24.89 28.13 20.32 43.98 
 
The mean fibre diameter in the blend fine yarn is equivalent to that of the alpaca component, while the 
mean fibre diameter in the blend medium yarn is less than that of the alpaca component. This indicates 
that a similar micron wool was used in the BL/OV blend and finer wool fibre was used in the FS/OV 
blend. Based on the experimental data, the MFD of wool fibre in the FS/OV blend is up to 3µm finer 
than alpaca fibre. The model for computing the MFD after blending is presented in Chapter 8. 
 
There is a negative correlation between alpaca fibre diameter and curvature in tops. Scoured 
Australian alpaca fibres follow a similar trend, as reported in Chapters 1 and 5. Blended yarns have a 
higher fibre curvature than pure alpaca yarns, as wool fibre has a higher fibre curvature than alpaca 
fibre. The crimp difference is even larger when the wool fibre diameter is less than alpaca. 
 
During wool processing, fibre curvature in a yarn is normally less than that in a top [83]. However, 
such a trend for alpaca processing is not significant. Twisting might add additional curvature to the 
alpaca fibres during spinning. 
 
4.2.2.2  Sliver and Yarn Linear Density 
The linear density was calculated from the measured weight of a 5m top or 100m yarn. A specified 
yarn count was calculated from individual yarn specification. The results are shown in Table 4.3. 
 

Table 4.3  Linear density, and the yarn count difference between measured and specified 
Count Sample 

Specified Measured 
Difference % 

100BL - 24.75 - 
100FS - 24.88 - T

op
 

(K
te

x)
 

100HZ - 24.38 - 
76.2 0.94 BL/OV 2/26 76.9 
73.6 4.32 
68.8 3.68 BL 2/28 71.4 
75.2 -5.28 

120.1 3.92 BL 2/16 125.0 
115.6 7.52 
76.5 0.55 FS/OV 2/26 76.9 
78.0 -1.4 

127.8 -2.24 FS 2/16 125.0 
121.0 3.2 
180.3 0.84 

Y
ar

n 
(T

ex
) 

FS2/11 
 181.8 

185.0 -1.75 
 
The sliver linear density (Table 4.3) is about the same for all top samples. Yarn count results indicate 
that the actual yarn count of individual yarns is generally close to their specifications. 
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4.2.2.3  Uster Test Results 
Tables 4.4 and 4.5 summarise the Uster evenness test reports for the tops and yarns respectively. 
 

Table 4.4  Uster-4 results for slivers (v = 25m/min, t = 5min) 
Sample U% CVm (%) 
100BL 2.19 2.74 
100FS 2.99 3.73 
100Hz 3.44 4.68 

 
From Table 4.4, it can be seen that the trend of top CVs is: CV100BL < CV100FS < CV100HZ. This is 
because the linear density of the 3 samples is about the same but fibre diameter is in the order of 
D100BL<D100FS<D100HZ. 
 

Table 4.5  Uster-4 results for yarns (v=400m/min, t=2.5min) 

U CVm DR 
1.5m 5% 

Thin -
40% 

Thin -
50% 

Thick 
+35%

Thick 
+50%

Neps 
+200%

Neps 
+280% H sh Sample 

% % % /km /km /km /km /km /km   
10.21 12.9 16.2 49 1 104 8 21 6 11.7 3.15 BL 2/28 
10.3 13.1 21.1 49 0 120 17 28 6 11.9 3.36 
9.15 11.53 16.3 18 0 47 3 3 0 8.8 2.33 BL/OV 

2/26 9.72 12.23 34.3 12 0 31 5 5 4 9.2 2.34 
8.03 10.12 10.6 3 0 13 1 5 1 13.1 2.88 BL 2/16 
8.12 10.26 10.4 4 0 20 1 1 0 13.9 3.13 
9.51 11.97 24.8 32 1 19 0 1 1 8.2 2.14 FS/OV2

/26 9.42 11.92 19.55 27.5 0 27.5 2 0.5 0.5 8.2 2.17 
9.92 12.53 12.2 48 0 101 12 5 1 13.1 3.31 FS 2/16 
9.13 11.51 9.9 15 0 38 7 6 0 11.4 2.83 
8.1 10.24 7.6 0 0 17 1 8 3 16.4 3.61 FS 2/11 

7.56 9.54 15 0 0 12 2 0 0 15.9 3.48 
 
It can be seen from Table 4.5 that coarse alpaca yarns tend to have low CVm values. For yarns with 
the same yarn count (eg. BL2/16 and FS2/16), the yarn spun with a finer alpaca fibre (BL) results in a 
better yarn evenness than those spun with a coarser fibre (FS), which is obvious according to the 
Martindale evenness theory [82]. It appears that fine yarns or yarns spun with coarser fibres have more 
neps and thin spots. 
 
Figure 4.1 shows mass spectrogram examples of slivers and yarns. It can be seen from the mass 
spectrograms that all yarns have no regular unevenness (i.e. no big chimneys) while slivers appear to 
gradually have more chimneys with the increase of mean fibre diameter. 
 
Blend yarns have improved yarn hairiness (H) compared to all pure alpaca yarns in Table 4.5. The 
reason for this might be that blend yarns have higher twist than alpaca yarns, as shown in Figure 4.2. It 
is also possible that wool fibres have more crimps and therefore provide better cohesion than alpaca 
fibre. 
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Figure  4.1a  Mass spectrograms of top samples 
 

 
Figure 4.1b  Mass spectrograms of yarn samples 
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4.2.2.4  Yarn Twist 
Yarn twist was measured using a Quadrant Twist Tester Model 73. Results of the yarn twist and twist 
factor (metric) are shown in Figure 4.2. The number of twists per metre in each yarn changes 
according to the yarn linear density. The twist factor for blend yarns is marginally higher than alpaca 
yarns. However, the ratio of number of twists in folded yarn to that in single yarn is in the range of 
0.44-0.50 with an average of approximately 0.47. The twist factor of single yarns is around 100. The 
ratio of twist factor in folded yarn to that in single yarn is in the range of 0.62-0.71 with an average of 
approximately 0.67. 
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Figure 4.2  Twist and Twist factor of alpaca and alpaca/wool yarns (95% confidence level) 
 
4.2.2.5  Resistance to Compression 
Fibre resistance to compression (RTC) was measured using an Agritest RTC device according to the 
Australian Standard AS 3535-1988. Results in Table 4.6 show that the alpaca RTC values (both 
directions 1 and 2) may have some degree of relationship with the fibre diameter. Further research 
findings are presented in Chapter 6. 
 

Table 4.6  Resistance to compression of alpaca tops 
Top 100BL 100FS 100HZ 

Direction 1 2 1 2 1 2 
Mean (kpa) 1.45 2.11 1.35 2.25 1.27 2.33 
95% confidence limit 0.10 0.07 0.08 0.11 0.09 0.10 

 
Direction 1: Recommended method of inserting the test specimen into the measurement cylinder. 
Direction 2: Rotating the specimen to a 90° angle after direction 1 reading, then inserting the 

specimen and testing it again. 
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4.2.2.6  Fibre Length 
Fibre length was measured using an Almeter 100. The results are shown in Table 4.7. From the 
available information, fibre length has a positive correlation with fibre diameter. Since we do not have 
information on the initial fibre length, it is therefore unknown as to the fibre breakage in the early 
stage of fibre processing. 
 

Table 4.7  Fibre length in alpaca tops 
Top Hauteur (mm) CVH (%) Barbe (mm) CVB (%) MFD (µm) 

100BL 66.92 52.98 85.60 43.80 21.33 
100FS 69.30 51.38 87.54 45.14 26.42 
100HZ 78.03 51.05 98.25 42.40 32.18 

 
4.3  Quality of Alpaca Products Manufactured Locally 
 
4.3.1  Background 
A local alpaca fibre manufacturer has experienced some difficulties in fibre and yarn specifications 
with the fibre suppliers and yarn users. The knitters claimed that they could not manufacture their 
expected fabrics from the yarns supplied. A full investigation has been carried out to find out the 
reasons why alpaca and alpaca/wool yarns were not suitable for knitting. A single alpaca yarn (Nm28), 
a single alpaca/wool yarn and five folded yarns in different shades were assessed to identify their 
potential for knitting yarns. All blend yarns were manufactured from 60% Peruvian medium alpaca 
tops and 40% 22µm wool blend. The blend yarns were Nm28 single and 2/Nm28 two-folded. 
 
4.3.2  Results and Discussion 
Results in Table 4.8 show that the MFD for alpaca yarn is about 29µm. According to the model 
developed in Chapter 8, the MFD in the alpaca wool blend is estimated 29µm as well. Apparently, the 
alpaca fibres for both alpaca yarn and alpaca/wool blend yarns should be classed as strong in the 
current classing practice. For the wool industry, fibre for knitting yarns is generally finer than 23.5µm 
due to product aesthetic requirements and the need to maintain an acceptable spinning efficiency. The 
yarns examined are unlikely to produce premium quality knitwear as very coarse fibre was used. 
 

Table 4.8  Fibre and yarn properties (Uster test speed: 400m/min, time: 2.5min) 
MFD CVD Count Twist factor Friction Uster Yarn 
(µm) % Nm Single Folded µ CVm% h 

Grey (Two-fold) 25.0 27.5 14.2 88.4 69.3 0.15 15.93 9.88 
Black (Two-fold) 25.4 26.9 15.2 83.5 69.4 0.14 16.29 8.33 
Brown (Two-fold) 24.9 28.1 15.2 81.8 62.3 0.14 16.81 8.37 
White (Two-fold) 25.2 26.9 13.4 85.2 66.8 0.16 14.44 10.76 
Red (Two-fold) 24.7 27.4 15.1 84.1 64.6 0.13 15.58 10.29 

A
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Tan (single) 24.4 26.8 28.7 87.4 - 0.27 20.94 7.11 
Alpaca (Black, single) 28.9 26.4 28.1 82.2 - 0.26 23.4 2.17 
 
There is a minimum requirement for the number of fibres in a yarn cross-section. In the commercial 
practice of worsted yarn spinning, this is approximately 40 fibres. Since alpaca fibre has less crimp 
and its surface is smoother than wool, the number of fibres in the alpaca yarn cross-section should be 
higher than 40 fibres. Based on the fibre diameter and its CV% in black alpaca yarn, the predicted 
number of fibres in the yarn cross-section would be around 38. Clearly, it is not a viable decision to 
use strong alpaca fibre to spin a yarn of Nm28. The alpaca/wool blends meet the minimum fibre 
number requirement in a yarn cross-section. Nevertheless, it might be better to spin the fibre into 
coarser yarns. A reference for yarn count and fibre selection is tabled in Chapter 8. The values can be 
used as guidance in alpaca yarn engineering. 
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The linear density (Table 4.8) of all yarns is generally less than their specified values, except for the 
white alpaca/wool yarn, although the mean yarn count is very close to their designed yarn count. This 
indicates that there may be a fibre weight loss during yarn dyeing/finishing process. 
 
According to the Uster Statistics, the unevenness of singles might be too high for Nm28 yarns. It 
would be better if the mass CVm% of a Nm28 alpaca yarn could be maintained at below 20% for 
quality assurance. This requires finer fibre and/or lower CVD. 
 
All yarns look very hairy, which may cause some knitting problems. The results of Uster hairiness 
index (h) in Table 4.8 show that singles have less hair than two-folds and alpaca singe yarn has less 
hair than alpaca/wool blends. Yarn hairiness is affected by the number of fibres in yarn cross-section 
and the twist level in the yarn. 
 
The frictional property is a key factor that affects yarn knitablility. The coefficient of friction (µ) of 
folded yarns is below 0.2 (Table 4.8), indicating that the folded alpaca/wool yarns should be 
acceptable for knitting. However, the coefficient of friction of single yarns is in the range of 0.2 to 0.3, 
indicating that they are not satisfactorily lubricated and difficulties may be experienced during 
knitting. 
 
The twist factor is less than 90 for all single yarns, which is significantly lower than Peruvian yarns 
(Figure 4.2). The twist factor is less than 70 for all folded yarns (Table 4.8). The ratio of twist factor in 
folded yarn to that in single yarn, which is approximately 0.78 on average, is therefore higher than 
Peruvian yarns. For wool knitting yarns, the twist factor is normally less than 80. 
 
Tensile results of the yarns in Table 4.9 suggest that the yarns are weak. The yarn tenacity is generally 
lower than wool yarns of the same yarn count (refer to the Uster Statistics). This might be the reason 
why high twist level was used for the knitting yarns (Tables 4.2 and 4.8) 
 

Table 4.9  Tensile properties (test speed: 5m/min, gauge length 0.5m) 
Yarn Tenacity (cN/tex) Elongation (%) 
Grey 5.80 10.08 
Black 5.18 5.11 
Brown 5.49 9.35 
White 6.06 15.91 
Red 4.87 6.19 
Tan (single) 4.59 8.08 
Alpaca (single) 5.1 16 

 
4.4  Quality of Experimental Yarns and Fabrics 
 
We have conducted fibre processing trials to convert alpaca fibre into yarns of different counts and 
twist factors. Fabrics were also knitted for softness and pilling performance assessment. 
 
4.4.1  Yarn Twist Factor 
Spinning results indicate that we can engineer low twist factor yarns, which should make soft fabrics. 
However, reducing yarn twist level increases yarn endsdown during spinning, as shown in Table 4.10. 
Reducing yarn twist factor also results in poor yarn mechanical properties, as shown in Figure 4.3. It 
leads to more yarn breakage when low twist factor yarns are used for knitting. More importantly, when 
garments are made using fabrics knitted from the low twist yarns, the garments exhibit very poor 
dimensional stability. This is because alpaca fibre has very smooth surface and needs more twist to 
add cohesion between fibres in the yarn. When a low twist yarn is subject to a stretching force, fibres 
in the yarn slip past each other. Low twist yarns also shed more fibres during handling. 
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Table 4.10  Endsdown of 32.8tex (1/30.5-Nm) alpaca yarns (based on the endsdown counts of 4 

spindle in 2 hour spinning time) 
Twist/m 662 551 440 348 
Twist factor (Metric) 119.9 99.8 79.7 63.0 
Expected handle Extra strong Strong Medium Soft 
Endsdown per 1000 spindle hour 0 125 250 375 
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Figure 4.3  Tensile properties of alpaca yarns with different twist factors (Yarns were spun from 
strong alpaca fibres) 
 
Based on the results, we recommend that the selection of alpaca yarn twist factor should depend on the 
application of the yarn. For knitting alpaca single yarns, it is better that the minimum twist factor is 80 
in order to maintain an acceptable yarn strength and extensibility for knitting. 
 
4.4.2  Sirofil Yarns 
One way of achieving both acceptable strength and a low twist factor is to combine alpaca fibres with 
synthetic filaments during yarn spinning. Sirofil was employed to produce yarns using alpaca/wool 
blends twisted with a nylon filament in a single operation. Results in Table 4.11 show that Sirofil 
yarns of alpaca/wool/nylon are stronger and have larger extensibility and rupture energy than their 
corresponding normal ring spun yarns. More importantly, the yarns have a low twist factor and low 
initial modulus, and hence the yarns are softer than normal ring spun yarns. 
 

Table 4.11  A comparison of tensile properties between ring spun yarns and Sirofil yarns 

Alpaca/wool MFD 
(µm) Spinning Twist 

factor 
Tenacity
(cN/tex) 

Elongation 
(%) 

Work 
(N·cm) 

Initial modulus 
(N/tex) 

Ring 85 6.8 15.2 22.5 1.9 50/50 19 SIROFIL 80 8.7 25.7 48.0 1.2 
Ring 80 6.6 14.8 8.6 1.8 30/70 25 SIROFIL 75 9.9 31.3 51.2 0.5 

 
4.4.3  Benchmarking of Yarn Evenness and Tenacity 
Both alpaca and wool are animal fibres and they are processed on the worsted system. Wool yarn 
statistics may be a benchmark for alpaca yarns. The USTERTM STATISTICS [114] provides quality 
reference figures for wool yarns. We therefore use the USTERTM STATISTICS for wool as 
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comparative references. Figure 4.4 shows examples of such comparison. It can be seen that the 
evenness of alpaca yarns is generally poorer than wool yarns. One of the reasons is that the yarns were 
engineered from very coarse fibres. It can also be seen that the alpaca yarns are weaker than wool 
yarns. Alpaca yarns, whose tenacity is in the 25%-95% range of wool references, have a twist factor of 
higher than 90. 
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Figure 4.4  Comparison of alpaca yarn evenness and tenacity with USTERTM STATISTICS for ring-
spun wool yarns [114] 
 
4.4.4  Alpaca Fabric Softness 
Softness is a unique character to alpaca fibre. It is an important selling point of the fibre products to 
the consumer. In order to reveal the effect of some parameters, such as fibre fineness and type, and 
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yarn twist, on the fabric softness, we conducted a survey - subjective assessment of the softness of 
knitted fabrics. 
 
With the same knitting machine and settings, fabrics have been knitted using yarns of different fibre 
types as listed in Table 4.12. The density of knitting yarn strand is approximately 209 tex on average 
for each fabric so that the fabric area density (g/m2) is about the same. Assessors were asked to 
compare the softness between two fabrics. They also judged which fabric has the softest and harshest 
handle in a group of fabrics. 
 
The assessed results can be summarized as follows: 
• For the yarns with the same twist level, alpaca fabrics are softer than wool fabrics (6-3, 7-4, 8-5), 

although the mean fibre diameter (MFD) of alpaca fibre (26.3µm) is larger than that of wool 
(25.4µm). 

• Fabrics knitted with low twist yarns have softer handle than high twist yarns (3-4-5, 6-7-8). 
• Alpaca fabrics are softer than alpaca/wool blend (6-A, 7-A, 8-A) even when the mean fibre 

diameter of alpaca fibre and twist level of alpaca yarn are greater than those of blend (Note: the 
dyeing may lead to a harsh handle). 

• Low micron and yarn folding improve the handle of wool fabrics (2-3, 2-4). 
• All agreed that cashmere fabric has the softest handle. 
• Fabric 5 or A or 1 was believed to be of the harshest handle among all samples in Table 4.12. In 

other words, to the alpaca, wool and alpaca/wool blend fabrics, the one with the coarsest MFD 
and highest twist level is of the harshest handle. 

 
Table 4.12  Fibre and yarn parameters for fabric knitting 

Fibre Twist Factor Fabric 
ID Yarn 

MFD (µm) CVD (%) Single Folded 
0 Cashmere 17.1 21.3 90 - 
1 Cotton 13.4 28.6 54 - 
2 Wool 21.6 20.3 67 59 
3 Wool 25.4 22.1 62 - 
4 Wool 25.4 22.1 80 - 
5 Wool 25.4 22.1 96 - 
6 DRBR Alpaca 26.3 27.1 62 - 
7 DRBR Alpaca 26.3 27.1 80 - 
8 DRBR Alpaca 26.3 27.1 96 - 
9 Black Alpaca 28.9 26.4 98 - 
A Alpaca/Wool Tan 24.4 26.8 87 - 
B Alpaca/Wool White 25.2 26.9 85 67 
C Alpaca/Wool Brown 24.9 28.1 82 62 
D Alpaca/Wool Grey 25.0 27.5 88 69 
E Alpaca/Wool Red 24.7 27.4 84 65 
F Alpaca/Wool Black 25.4 26.9 83 69 

Note: The alpaca/wool blend yarns were dyed, other yarns had no finishing treatment. 
The blend ratio is 60% medium alpaca and 40% 22µ Wool. 

 
The above results of handle assessment show that yarns with a reduced twist factor improve their 
fabric softness. However, it was observed that low twist yarns broke easily during knitting. It is 
therefore expected that fibre processors would experience engineering difficulties for low twist factor 
yarns and the knitter would prefer relatively high twist yarns. 
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4.4.5  Pilling Performance of Knitted Alpaca Fabrics 
Knitted fabrics made from fibres of low bending rigidity have a higher propensity to pill. Such low 
bending rigidity fibres are normally fine and soft. Alpaca fibre is softer than wool fibre. It is 
interesting to see how the alpaca fabric will behave when it is subject to wearing. Based on Australian 
testing standard for wool pilling, three pairs of wool and alpaca knitted fabrics have been evaluated. 
Each pair has the same designed yarn count and twist level and similar fabric weight. The testing 
results are shown in Table 4.13. It can be seen that knitted alpaca fabric has less propensity to pill, but 
fuzzier surface than wool fabric. The reasons might be that: 
 
• First, coarse fibre has less propensity to pill than fine fibre and the alpaca fibre used is relatively 

coarser than the wool fibre (26.3µm VS 25.4µm). 
• Second, fibres in the alpaca yarns have been secured less than that in wool yarns due to the 

difference of fibre surface properties and crimp definitions, although the yarns have the same 
designed twist level. 

 
It can also be seen from Table 4.13 that pilling performance of both alpaca and wool fabrics improves 
when the yarn twist is increased. This is because fibres in the high twist yarn have been secured better. 
 

Table 4.13  Pilling performance of knitted alpaca and wool fabrics 
Yarn factor Fabric Pill rating 

Alpaca 4 with fuzzy surface 62 
Wool 3-4 
Alpaca 4-5 with moderate fuzzy surface 80 
Wool 4 
Alpaca 5 with slightly fuzzy surface 96 
Wool 5 

 
It was observed that no pills have been formed on the alpaca fabrics, but the fabric surface was very 
fuzzy after the pilling test, while for wool fabrics, its surface was less fuzzy but pills were formed or it 
had the tendency to form pills. Many fibres migrated to the alpaca fabric surface and the protruded 
fibres distributed evenly, while fibres on the wool fabric tended to entangle and form patches of fibres 
or pills. In addition, alpaca fabric shed more fibres than its wool counterpart during sample handling 
and pilling tests. 
 
4.5  Conclusion 
 
The quality of alpaca tops, yarns and fabrics was assessed. Test samples were commercial products 
manufactured by overseas and local fibre processors, and from experimentally produced samples. The 
test results could form part of a benchmark database for Australian alpaca fibre industry. 
 
Alpaca and wool blend is common to the alpaca fibre industry. The mean alpaca fibre diameter in a 
blend is usually coarser than the mean wool fibre diameter. In an overseas alpaca/wool blend, the 
MFD of wool fibre is up to 3µm finer than the alpaca fibre. Australian alpaca fibre processors use 
much finer wool fibre than the alpaca fibre in an alpaca/wool blend. A sliver linear density of 
approximately 25 ktex is often used for alpaca tops. Fine alpaca fibre can produce more even tops than 
coarse alpaca fibre. 
 
The twist factor of single alpaca yarns affects the yarn strength and fabric handle. As the twist factor 
increases, yarn strength increases but fabric handle gets worse. Low twist yarns break easily during 
knitting. In addition, using yarns with the same twist factor, knitted alpaca fabrics shed more fibres 
than the wool fabrics. A twist factor of around 100 for single yarns is thus used by an overseas yarn 
manufacture. A local fibre processor uses a twist factor less than 90 for all single yarns. For all folded 
yarns, the twist factor is less than 70. The selection of alpaca yarn twist factor should depend on the 
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application of the yarn. Unlike knitting wool yarns that have a twist factor of less than 80, for knitting 
alpaca single yarns, the minimum twist factor should be about 80, in order to maintain an acceptable 
strength for knitting.  
 
Sirofil was employed to produce yarns using alpaca/wool blends twisted with a nylon filament in a 
single operation during yarn spinning. The Sirofil yarns of alpaca/wool/nylon are stronger and have 
larger extensibility and rupture energy than their corresponding normal ring spun yarns. More 
importantly, the Sirofil yarns have a low twist factor and low initial modulus, and hence the yarns are 
softer than normal ring spun yarns. 
 
Fabrics were knitted using yarns of different twist factors and types. The fabric handle was assessed 
subjectively. For the yarns with the same twist level, alpaca fabrics are softer than wool fabrics even 
when the mean fibre diameter of alpaca fibre is coarser than that of wool. Fabrics knitted with low 
twist alpaca yarns or yarns engineered with finer alpaca fibres have softer handle than high twist or 
coarser fibre yarns. Alpaca fabrics are softer than alpaca/wool blend. 
 
Knitted alpaca fabrics have less propensity to pill, but their surface is much fuzzier than wool fabric. 
Pilling performance of alpaca fabrics improves when the yarn twist is increased. 
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Chapter 5 
Alpaca and Wool Blend 
 
5.1  Introduction 
 
The world alpaca fibre production is around 5,000 tonnes per annum, of which, the current annual 
alpaca fibre production in Australia is estimated at 75 tonnes in greasy weight [2, 45, 70]. With the 
limited quantity of Australian alpaca fibre, the blend of alpaca fibre with wool is very important to 
utilise the alpaca fibre. Blending is also expected to enhance the alpaca fibre processiblity and promote 
the fibre in a wide range of market places. However, there is a lack of published data on how to select 
the wool fibre properties for the blend, especially the selection of wool fibre crimp. The alpaca fibre 
industry is keen to know the role of wool fibre crimp types in the alpaca/wool blend. 
 
Mean Fibre Diameter (MFD), staple length, fibre tensile strength, vegetable matter (VM), colour, 
crimp, and many other wool fibre properties are believed to be important to the performance of the 
wool fibre processing and end products. Amongst all the important wool fibre properties, fibre crimp 
is a less significant factor in determining the value of wool fibre commodity. However, wool fibre 
crimp does affect the fibre processing performance and the properties of its end products. 
 
Wool staple crimp can be expressed by crimp definition and crimp frequency [60]. Crimp definition 
may be simply described as a degree of alignment of the crimp. It relates to how clearly visible the 
crimp appears, which depends on whether all fibres curve together or not. For instance, those wools 
where the individual fibres crimp in unison are well defined or have good definition. Wools where the 
fibre crimp is not well aligned are poorly defined. Crimp frequency is defined as the number of crimp 
wavelengths per centimetre. Crimp frequency and crimp definition, together with greasy colour, tip 
length, dust and weathering represent the wool style, which is very important in determining the 
processing performance, marketing practice and quality of final wool products. Wool crimp, expressed 
as fibre curvature, can be measured using commercial instruments such as OFDA (IWTO-47-98) and 
LaserScan (IWTO-12-95) [8, 38]. There is a direct relationship between fibre crimp and fibre 
curvature (°/mm) [98, 14]. The fibre curvature measured is highly positively correlated with staple 
crimp frequency, compressed wool height and the bulk/diameter ratio of the wool. 
 
Many studies have been devoted to evaluating the effect of staple crimp on processing 
performance and quality of wool products. Hansford [42] reported that wool with low crimp 
frequency and high definition generally gave longer Hauteur in tops. Poor crimp definition 
represented a high degree of entanglement which might have become worse during scouring. 
If wool was highly entangled after scouring, more fibre breakage would occur during carding, 
and the combing yield would be lower. Fibre curvature has become an input parameter in 
predicting the spinning performance and yarn quality of wool fibre in the YarnSpec software 
package [62]. 
 
Madeley [73] studied the physical properties and processing performance of fine merino lamb’s wool 
systematically. He claimed that fibre crimp appeared to be as important as fibre diameter in 
determining the stiffness of fine to superfine merino wool fibres and the softness of the fabric 
produced from them. He also found that worsted fabric made from superfine, low crimp merino lamb’s 
wool had exceptional numeri (or sleekness) and an excellent Total Hand Value (THV). Lamb’s studies 
[60] demonstrated that, for superfine wools, a lower fibre crimp frequency resulted in a higher yarn 
evenness and lower ends-down in spinning. The degree of wool crimp also influenced fibre bundle 
tenacity [43], which is an important indicator of yarn quality. A high degree of wool crimp enhanced 
the differences in fibre length between jaws and the load on the individual fibres in a bundle during 
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tensile testing. As a result, lower bundle tenacity would be obtained. A high degree of wool crimp also 
led to weaker and less even yarns, and poorer spinning performance [60]. 
 
Wool fibre crimp changes down the fibre processing pipeline [83, 84]. A loss of wool fibre crimp 
occurs due to imposed strains during worsted processing, especially in high speed carding and 
spinning, and the crimp loss is largely irreversible. On the whole, natural crimp is one of the main 
factors affecting wool’s pre-eminence in high quality fabrics. It affects wool processing performance 
and final product quality. Knowledge of crimp effects will help guide textile manufacturers in 
designing and engineering fabrics with particular handle characteristics and mechanical properties. 
This creates opportunities for wool brokers to supply wool fibre of the right crimp to match the 
performance of different wools and meet buyer requirements and specific end uses for specific wools. 
 
Alpaca fibre is softer and has very low crimp and poor crimp definition compared to wool fibre. 
Alpaca and wool fibre blend is a common practice in the alpaca fibre industry. To date, there are few 
reports on the selection of wool crimp for the blend. This study aims to understand the changes in fibre 
curvature during wool and alpaca fibre processing and how fibre curvature affects the properties of 
alpaca/wool blends. It reveals the effect of wool fibre curvature on the quality of blend slivers, yarns 
and fabrics. Comparative studies are conducted to examine the importance of the wool fibre crimp to 
the alpaca/wool blend yarns and fabrics. 
 
5.2  Experimental 
 
5.2.1  Fibre Materials 
 
Table 5.1 shows the information on fibre materials used in this investigation. Test samples were 
collected from the initial form of the fibres or their processed materials. 
 

Table 5.1  A list of wool and alpaca samples 
Material Form of fibre Purpose 
Low (21µm, 65.7°/mm) and high (22µm, 
83.8°/mm) crimp wools Scoured wool Topmaking 

Superfine low (17.8µm, 62.7°/mm) & high 
(17.9µm, 79.0°/mm) crimp wools, 
Superwashed (21µm, 56.8°/mm)  wool tops 

Commercial tops Alpaca/wool blends 

Wool and alpaca tops Commercial and 
experimental tops Crimp relaxation tests 

Range of alpaca staples Greasy/Scoured 
fibres 

Curvature and diameter 
measurement 

Fine (21.4µm, 37.6°/mm) and strong (31.7µm, 
30.7°/mm) alpaca fibres Greasy alpaca Topmaking and 

alpaca/wool blends 
 
5.2.2  Alpaca and Wool Topmaking 
Two lots of alpaca fibres, fine (21.4µm) and strong (31.7µm), were scoured using a six-bowl 
wool scouring machine. The scoured alpaca fibres were processed to top using a modern 
worsted wool processing line at a low production speed. 
 
Two lots of scoured wools with high (22µm, 83.8°/mm) and low crimp (21µm, 65.7°/mm) 
respectively were carded using an old carding machine with flexible carding wire, and put through the 
normal worsted wool processing processes. Samples were collected during processing. They were 
used to examine the fibre curvature changes during processing. 
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5.2.3  Top Blending, Yarn Engineering and Fabric Knitting 
To examine the effect of wool fibre on the performance of alpaca/wool blend, the blending was started 
from tops. Three types of blends at two blend ratios, 30% fine alpaca and 70% superfine low-crimp 
wool blend, 30% fine alpaca and 70% superfine high-crimp wool blend, and 50% strong alpaca and 
50% superwash wool blend, were examined. The blended slivers were engineered into rovings, then 
into 20.2tex yarns. The single yarns were folded and the two-fold yarns were knitted into fabrics. The 
low-crimp-wool blend and high-crimp-wool blend went through exactly the same processing routes, 
machines and machine settings from top blending to fabric knitting. 
 
5.2.4  Relaxation 
According to Australian Standard of Determination of Dimensional Changes in Laundering of Textile 
Fabrics and Garments (AS 2001.5.4-1987), fabrics are normally washed at 50 or 60°C for 12 or 10 
minutes before rinsing. For wool textiles, one of the major reasons of fabric dimensional change is 
crimp relaxation. To evaluate the effect of fibre relaxation on the changes of fibre curvature, alpaca, 
wool and alpaca/wool blend tops and alpaca/wool yarns were soaked in warm water of 55±5°C for 15 
minutes. Fabrics were washed at 50°C for 12 minutes before rinsing according to AS 2001.5.4-1987. 
The relaxed samples were then dried and conditioned for at least 48 hours before curvature 
measurements. 
 
5.2.5  Measurements  
Fibre length was measured using a SDL 218 - Fibre Diagram Machine. An Optical Fibre Diameter 
Analyser (OFDA100) was used to measure the fibre diameter and curvature of wool, alpaca and their 
blends. Yarn tensile properties were measured using a Uster Tensorapid 3 instrument at a gauge length 
of 50 cm and a jaw separation speed of 500 mm/min, 2000mm/min and 5000mm/min respectively. 
This was to examine the effect of the testing speed on the tensile properties of blend yarns. A Uster 4 
tester was used to measure the yarn evenness and hairiness values at a test speed of 200m/min for 2.5 
minutes. Fabric pilling tests were conducted on an ICI pillbox and abrasion performance was conduct 
using a Martindale abrasion tester. Pills on the abraded fabrics were analysed with a Scanning Electron 
Microscope (SEM). 
 
Fabric handle was subjectively evaluated by a panel of 20 assessors, half of the panel members were 
experienced with softness assessment and the other half were unexperienced assessors. Each assessor 
reported which one was softer between the fabrics of alpaca/high-crimp-wool blend and alpaca/low-
crimp-wool blend. 
 
Breaking strength of slivers was measured using a Lloyd material testing instrument at a gauge length 
of 50 cm and a jaw separation speed of 500 mm/min. The sliver cohesion force was expressed by the 
sliver breaking length in Equation 5.1. 
 

(g/m)density linear Sliver 
(g)strength  breakingSliver   (m)length  Breaking =     (5.1) 

 
Each sliver breaking length presented in the Results and Discussions section represents its mean and 
95% confidence level. 
 
All measurements were conducted in a testing laboratory where the temperature was controlled by a 
central conditioner at 20±2°C and relative humidity was maintained at 65±2%. 
 
 



 
 

 56

5.3  Results and Discussion 
 
5.3.1  Fibre Diameter and Curvature 
To understand the role of wool fibre crimp in the fibre processing stage of alpaca/wool blend, we 
firstly need to know the crimp difference between the two fibre types. It can be seen from Figure 5.1 
that there appears to be a good relationship between MFD and fibre curvature for both alpaca and 
wool fibres. Fibre curvature decreases as the MFD increases. However, the curvature of alpaca fibre is 
much lower than the wool fibre. For fibres in the diameter range of 15-40µm, their curvature ranges 
are 50-15º/mm for alpaca fibre and 125-58º/mm for wool. Another report by Fish et al. [39] also 
confirmed that the fibre curvature of wool is in the similar range for 213 sale lots of Australian wool. 
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Figure 5.1  Relationship between MFD and fibre curvature for Australian wool and alpaca fibres 
[data source of wool fibre:  Cored Sale Lot in 39 (Fish et al. 2000)] 
 
Figure 5.2 shows examples of the crimp difference in wool and alpaca fibres. The apparent crimp 
difference suggests that blending alpaca fibre with wool can achieve an overall fibre curvature of the 
blend being less than the wool fibre curvature and greater than the alpaca fibre curvature. The 
implications of such a blend will be discussed in subsequent sections later on. 
 

 
 

Figure 5.2 Crimp profiles of well defined fine wool (Left, 6-7crimps/cm) and poorly defined alpaca 
(Right, 1-3crimps/cm) fibres 
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5.3.2  Crimp Variation During Early Stage of Fibre Processing 
Figure 5.3 shows the mean fibre curvature as the processing proceeds successively for both alpaca and 
wool fibres. As expected, wool fibre has a significant curvature loss due to processing. This agrees 
with the findings by Matsudaira et al. [83]. For wool fibre, there is nearly a 20% reduction in fibre 
curvature from scoured fibre to top. The result indicates that significant fibre de-crimping occurred 
during early stage of wool processing, regardless of the fibre crimp types. 
 
It can also be seen from Figure 5.3 that alpaca fibre has less curvature reduction during topmaking, 
which is about half as much as the wool fibre curvature. The curvature of scoured alpaca fibre is much 
lower than that of wool fibre (Figures 5.1 and 5.3). Even the fibre curvature in wool tops is still much 
higher than that in the scoured alpaca fibres (Figure 5.3). This suggests that any alpaca/wool fibre 
blends should have a higher overall curvature compared to the fibre curvature in the single alpaca 
component. 
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Figure 5.3  Change of fibre curvature in the early stage of fibre processing 
 
It is interesting to note that fibre processing, such as carding and combing, may increase fibre 
curvature. The highest fibre curvature in the carded sliver of fine alpaca fibre in Figure 5.3 is an 
example of curvature generation due to the carding operation. This is probably due to the effect of 
edge crimping as a result of sharp carding wire passing through the fibres. Similar curvature increase 
has also been found in wool fibres opened by a Shirley analyser and in wool fibre snippets extracted 
with a sharp minicore tube [39]. 
 
5.3.3  Crimp Relaxation 
As shown in Figure 5.4, for wool fibres, the curvature difference before and after relaxation is more 
than 20%, which has a significant curvature recovery. The curvature of some relaxed tops is close to 
the curvature range of scoured wool fibre, which is about 100-120º/mm, according to Figure 5.1. This 
indicates that the wool fibre crimp is inherent and could be largely recovered through a fibre relaxation 
process, although the fibre crimp may be partly straightened during the fibre processing. However, for 
strong alpaca fibres, the relaxation process makes some alpaca tops lose their curvature, i.e., it relaxes 
the curvature generated during the fibre processing more than recovering most of the straightened 
curvature. Carding, combing and gillings may bend fibre and add curvature to the fibre due to the edge 
crimping effect. The relaxation process should recover some of the fibre’s inherent curvature. 
Controlling the ways of fibre processing, top storage and fibre treatments is therefore closely related to 
fibre curvature in the final products. 
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Figure 5.4  Change of fibre curvature in top with a warm water relaxation process 
 
It is worth mentioning that, at present, sampling wool fibres for curvature measurement is not 
standardised. Fibres from different processing stages have different curvature readings (Figure 5.3). 
The fibre relaxation treatment may be necessary before measurement of processed fibres, such as a 
top. 
 
5.3.4  Fibre Curvature in Blend Tops 
Alpaca and wool were blended through top gillings. As expected, results in Table 5.2 show that the 
curvature in the blends is less than the curvature of their corresponding wool component, but higher 
than the curvature of their corresponding alpaca component. As the ratio of alpaca component 
increases, the overall curvature in the alpaca/wool blend reduces. It can also be seen from Table 5.2 
that after relaxation of blended tops, their overall curvature is higher than the curvature of their 
corresponding tops before relaxation, but less than the curvature of their corresponding relaxed wool 
top component. 
 
Table 5.2  Fibre properties of alpaca and wool tops and their blend slivers before and after relaxation 

Curvature (°/mm) Sliver sample MFD 
(µm) Before relaxing After relaxing 

Low crimp wool top 17.8 62.7 83.3 
High crimp wool top 17.9 79.0 107.5 
Fine alpaca top 21.6 36.5 41.7 
Superwashed wool top 21.0 56.8 67.2 
Strong alpaca top  32.4 24.6 23.7 

Slivers after 3 blend gillings 
Fine alpaca/low crimp wool (30/70) 18.6 58.0 81.8 
Fine alpaca/high crimp wool (30/70) 18.3 76.7 100.1 
Strong alpaca/Superwashed wool (50/50) 24.9 49.3 61.1 

 
 
5.3.5  Effect of Fibre Curvature on Sliver Cohesion Force 
Figure 5.5 shows the breaking length of the fine alpaca slivers at different early stages of fibre 
processing. It can be seen that the carded sliver is weaker (having a shorter breaking length) than its 
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subsequently gilled slivers and the top. The alpaca-fibre card sliver was too weak to use the normal 
roller drafting and coiler arrangement on the CA7 card. A portable sliver coiler was used to collect the 
card sliver off the carding machine. 
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Figure 5.5  Breaking length of fine alpaca slivers at different early stages of fibre processing 
 
Gilled slivers have a higher breaking length compared to the carded slivers (Figure 5.5). This is 
because gillings improved the fibre alignment, which led to more fibre-to-fibre frictional force along 
slivers. It seems that two preparer gillings may have achieved good fibre alignment. The sliver 
strength at this stage is close to the top, although the top has better fibre alignment and less short 
fibres. Since the fibre curvature in top is the lowest, its breaking length has a tendency of being less 
than the second gilled sliver. This suggests that if sliver cohesion is a processing concern, two preparer 
gillings before combing are acceptable for processing alpaca fibre, especially for processing strong 
alpaca fibres. 
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Figure 5.6  Breaking length of tops processed from different fibres 
  
Figure 5.6 shows that the breaking length of alpaca tops is significant shorter than that of wool tops. 
This is simply because alpaca staple has less crimp but bulkier and fluffier structure than wool fibre 
(Figure 5.2). We examined the scale properties of alpaca and wool fibres under the SEM. Comparing 
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with the wool fibre, the alpaca fibre scales are thinner and denser. With fibre diameters ranging from 
16 to 40µm, the mean scale height of alpaca fibre is approximately 0.4µm, while that of wool fibre (of 
similar fineness range) is around 1.0µm. Such smooth alpaca fibre surfaces reduce the inter-fibre 
cohesion of alpaca slivers. This leads to a low sliver breaking length. This is evident when comparing 
the 21.4µ alpaca top with the 21.5µ wool top. In these tops, the two types of fibres have similar 
microns, but the wool curvature (67.3°/mm) is almost double the alpaca fibre curvature (36.5°/mm). 
Comparing the low and high crimp tops in Figure 5.6, the trend is obvious: low-crimp fibre top has a 
shorter breaking length than high-crimp fibre top. Therefore, for a better sliver cohesion, high-crimp 
fibre has an advantage. 
 
Cohesion force of slivers of alpaca/wool blends tends to decrease as the blending passages increase, as 
shown in Figure 5.7. This may be due to a further reduction of fibre curvature through gillings and the 
alpaca fibre’s smooth surface, which separates wool fibres of rough surfaces and creates a media 
between wool fibres to reduce the wool fibre frictional force. It is noted that the breaking length of the 
first gilled sliver is approximately the sum of the products of individual top and its blend ratio, 
because at this stage, the effect of alpaca fibres separating wool fibres is not significant. Therefore, 
evenly blended sliver should have a minimum sliver breaking length. By comparing Figure 5.7 with 
Figures 5.5 and 5.6, it can also be seen that the blended slivers have a longer breaking length than the 
alpaca slivers. Blending wool with alpaca fibre hence improves the alpaca fibre processibility. 
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Figure 5.7  Breaking length of slivers of alpaca/wool blends at different blending passages 
 
It is worth mentioning that the fibre length of alpaca/high-crimp-wool blend is shorter than that of the 
alpaca/low-crimp-wool blend as shown in Table 5.3 but the alpaca/high-crimp-wool blend sliver has a 
higher breaking length (Figure 5.7). This suggests that fibre curvature plays a key role in determining 
sliver cohesion force.  
 

Table 5.3  Length properties of 3rd gilled top-blending slivers of alpaca and wool 
Sliver Hauteur (mm) CVH (%) % fibre < 30 mm 
Alpaca/low-crimp-wool  67.5 44.0 11.3 
Alpaca/high-crimp-wool 55.5 45.7 14.9 

 
5.3.6  Yarn Properties 
Figures 5.8A and 5.8B show that there is no significant difference (at 5% significance level) in yarn 
count and yarn evenness between alpaca/low-crimp-wool blend and alpaca/high-crimp-wool blend 
yarns. As expected, the high-crimp-wool blend yarn has a higher H value than the low-crimp-wool 
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blend (Figure 5.8C). Yarn hairiness is an indirect measure for the number and cumulative length of all 
fibres protruding from the yarn surface. Yarns engineered from short length fibres are more hairy than 
those engineered from long fibres. The difference in hairiness between the two yarns is directly caused 
by the differences in fibre length and short fibre content since the fibre in low-crimp-wool blend is 
longer than the fibre in high-crimp-wool blend, and the short fibre content in low-crimp-wool blend is 
less than that in high-crimp-wool blend (Table 5.3). Fibre curvature may also contribute the 
differences. However, it is unclear at this stage what degree of differences the fibre curvature has 
made. 
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Figure 5.8  Differences in yarn counts, evenness and hairiness between alpaca/low-crimp-wool and 
alpaca/high-crimp-wool blend yarns 
 
Both elongation and tenacity of the alpaca/low-crimp-wool blend yarn are higher (on average, 
approximately 14% and 4% respectively) than those of the alpaca/high-crimp-wool blend yarn, as 
shown in Figure 5.9. This is because of the difference of wool fibres in the blends, especially fibre 
length and short fibre content. The tenacity of both yarns increases as the test speed increases. 
However, the effect of testing speed, especially a high speed, on yarn elongation is not as significant 
as on yarn tenacity. 
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Figure 5.9  Effect of tensile testing speed on the tensile properties of alpaca/wool blend yarns 
 
5.3.7  Fabric Weight and Handle 
The low-crimp-wool blend fabric and high-crimp-wool blend fabric went through exactly the same 
processing routes and machines. Both yarns were satisfactory for knitting. Their weights are 
139.6g/m2 and 139.9g/m2 for low-crimp-wool blend fabric and high-crimp-wool blend fabric 
respectively. The weight difference should be a result of the difference in yarn counts (Figure 5.8A). 
 
Handle of the knitted fabrics of alpaca/wool blends was assessed subjectively by a panel. The 
conclusion for the fabric handle is unanimous. They all agreed that the knitted fabric made from 30% 
fine alpaca and 70% high-crimp-wool blend had a softer handle than the knitted fabric made from 30% 
fine alpaca and 70% low-crimp-wool blend. After two standard washes, the fabric handle was assessed 
again. The preferred softer fabric is still the same high-crimp-wool blend. 
 
The yarn initial modulus, as shown in Figure 5.10 agrees well with the subjective assessment of fabric 
handle. The initial modulus of high-crimp-wool blend yarn is lower than that of low-crimp-wool blend 
yarn, indicating that high-crimp-wool blend yarn is softer than the low-crimp-wool blend yarn. In 
addition, the overall fibre curvature in the high-crimp-wool blend is less than the superfine low-crimp-
wool (Table 5.2), suggesting that there may be an optimised fibre curvature value that makes the 
knitwear to have a best handle. At this curvature level, fibres make a lightweight knitted fabric thicker 
but not stiffer, as if the knitted fabric is more compressible and gives a higher warmth-to-weight ratio 
than the fabrics made from the high-crimp-wool yarns, or from the low-crimp-wool blend yarns. 
Nevertheless, some end-users may prefer lightweight knitwear made from superfine high-crimp wools 
[63]. 
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Figure 5.10  Initial moduli of alpaca/wool blend yarns at different tensile testing speeds 
 
5.3.8  Fabric Pilling 
The pilling assessments indicate that there is no significant difference in pilling performance on both 
alpaca/low-crimp-wool and alpaca/high-crimp-wool blend fabrics. They are both rated 4 with a 
slightly fuzzy surface. The alpaca/low-crimp-wool fabric seems to be slightly less fuzzy than 
alpaca/high-crimp-wool fabric. This is because the alpaca/low-crimp-wool yarn is less hairy than the 
alpaca/high-crimp-wool yarn (Figure 5.8C). 
 
An abrasion test was also performed to evaluate the fabric pilling performance although this is not 
common to study the pilling of knitted fabrics. Results in Table 5.4 show that the fabric made from 
alpaca and low-crimp-wool blend yarn produces less pills and seems to have better pilling 
performance in the abrasion test. The reason might be that short fibres in the high-crimp-wool blend 
fabric were less secure and thus can get easily entangled with each other and form pills. Such pills on 
the high-crimp-wool blend fabric might wear off faster than the pills on the low-crimp-wool blend 
fabric. 
 

Table 5.4  Abrasion performance of knitted alpaca/wool fabrics 

Fabric Pills/sample after 500 cycles 
abrasion 

Pills/sample after 1000 cycles 
abrasion 

Alpaca/low-crimp-wool  37 35 
Alpaca/high-crimp-wool 48 44 

 
Pills sampled from abraded fabrics were examined and analysed under the SEM. Through this study, it 
has been observed that the pills contained both wool and alpaca fibres. The mean fibre diameter in the 
pills is about 18.3% finer than that in the fabric. This may suggest that the pills were mainly formed by 
wool fibres because the wool fibre diameter is more than 17% finer than the alpaca fibre (Table 5.1) in 
the blend.  
 
5.3.9  Yarn Relaxation and Fabric Shrinkage 
The dimensional stability results of knitted fabrics in Figure 5.11 show that after the stress relaxation 
(first one or two normal washes), their dimensional changes are basically stable. There is a trend that 
low-crimp-wool blend tends to shrink less. 
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Figure 5.11  Dimensional changes of alpaca/wool fabrics  
 
Yarn relaxation should have a strong relationship with its fabric shrinkage. The yarn relaxation may be 
reflected by the fibre curvature changes due to relaxation. As shown in Table 5.5, fibre curvature 
recovers almost the same amount for both yarns after relaxation. The small difference in curvature 
shrinkage suggests that fabrics made from the alpaca/low-crimp-wool yarn should have slightly better 
shrinkage performance than fabrics made from the alpaca/high-crimp-wool yarn, which agrees well 
with the results in Figure 5.11. 
 

Table 5.5  Relaxation of fibre curvature in yarns 
Yarn Before relaxing After relaxing % difference 

Alpaca/low-crimp-wool  48.49 86.35 78.08 
Alpaca/high-crimp-wool 56.3 101.27 79.88 

 
5.4  Conclusion 
 
Fibre curvature has become an important fibre attribute to the fibre processing performance and its 
end-product quality. This chapter studied the fibre curvature of wool and alpaca fibres and their 
changes during the early stage of fibre processing. The performance of alpaca/wool blend yarns and 
fabrics has also been investigated. The curvature of scoured alpaca fibre is normally much less than 
half the curvature of scoured wool fibre. Like wool fibre, the curvature of alpaca fibre decreases as the 
mean fibre diameter increases. 
 
During the wool topmaking process, curvature tends to gradually diminish from clean wool to top 
finishing because of the strains introduced in the fibres during processing. After wool top relaxation in 
warm water, the processing-induced loss of curvature can recover significantly. Sometimes the 
curvature in crimp-recovered wool tops can be close to the level of scoured wool. 
 
During early stages of alpaca fibre processing, alpaca fibre has less curvature reduction compared to 
wool. Curvature in alpaca tops is about half as much as that in wool fibre. Fibre/pin interactions or 
edge crimping may generate excessive curvature, such as during carding. Alpaca top relaxation in 
warm water could remove the generated curvature, particularly in tops manufactured from medium 
and strong alpaca lines. 
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Alpaca fibre has low crimp and smooth fibre surface. This makes the alpaca fibre difficult to process, 
particularly in sliver/fibre transferring and delivering. Blending alpaca fibre with wool improves the 
cohesion properties of the blend sliver, especially with high-crimp wools. For a high ratio of alpaca 
component in the blend, high-crimp wool may be used to improve sliver cohesion. 
 
Fibre curvature in the alpaca/wool blend is smaller than that in wool component. After relaxing the 
blend tops in warm water, the curvature in the blend is still smaller comparing to the relaxed wool. 
 
There is no significant difference in yarn count and yarn evenness between alpaca/low-crimp-wool 
blend and alpaca/high-crimp-wool blend yarns when they were processed the same way. However, the 
high-crimp-wool blend yarn has a higher hairiness value (H) than the low-crimp-wool blend due the 
differences in fibre length. 
 
The alpaca/wool fabrics exhibit similar pilling performance. Their pill ratings are satisfactory for 
apparel fabrics. Dimensional changes are basically stable after the stress relaxation of blend fabrics. 
There is no significant difference in the level of dimension changes between the fabrics of low-crimp-
wool and high-crimp-wool blends except that the alpaca/low-crimp-wool fabric tends to shrink less 
than the fabric made from alpaca/high-crimp-wool blend. The change of fibre curvature in both yarns 
due to relaxation follows the same trend as fabrics. The fabric made from alpaca/high-crimp-wool 
blend is softer than that made from alpaca/low-crimp-wool blend. This may be explained by the test 
results that the initial modulus of alpaca/high-crimp-wool blend yarn is lower than that of alpaca/low-
crimp-wool blend yarns. 
 
It is recommended that the selection of wool fibre curvature for alpaca/wool blend should depend on 
the blend ratio and end-uses. Generally, wool fibre crimp is not critical to the quality of the blends. 
However, for alpaca and superfine wool blends, high-crimp-wool may be preferred if the ratio of 
alpaca fibre component is high and low-crimp-wool may be preferred if the ratio of alpaca component 
is low in the blend.  
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Chapter 6 
Softness of Alpaca Fibre 
 
6.1  Introduction 
 
Alpaca fibre is soft, and typically blended with Merino wool or other fibres for use in overcoats and 
high fashion knitwear. With the development of the rare animal fibre industry, considerable interest 
has been shown in alpaca animals and alpaca fibre products. When feeling alpaca and wool fibres, 
people often wonder why alpaca fibres are much softer than wool, even when the alpaca fibres are a 
few microns coarser than wool. Soft-handle is a result of subjective evaluation [93]. It involves in a 
combination of fibre/fabric characteristics, such as surface roughness/smoothness, bending stiffness, 
compressibility, resilience, extensibility, fabric thickness and so on. The fibre/fabric may be soft if it is 
smooth, easier to compress and suppler, and has a lower bending rigidity. 
 
The softness of loose wool is heavily dependent on its fibre diameter (FD) [102]. Crimp characteristics 
(Crimp frequency and definition etc.) play a minor but significant role for softness through their 
influence on compressibility [96]. Many studies have reported the effect of crimp on quality of tops, 
yarns and fabrics, and on ease of processing and spinnability [12, 14, 60, 61, 74, 75, 93, 104]. The 
general agreement is that low crimp frequency is associated with longer Hauteur in top, lower 
Romaine in combing, better yarn evenness and less ends-down. Low crimp wool can be spun into a 
finer count yarn and produce a thinner, softer, smoother, leaner and less pilling fabric. 
 
There is a strong relationship between crimp frequency and curvature [107]. The inherent fibre 
curvature lies within the wool follicle [20], and staple crimp frequency is basically an expression of 
the curvature of the fibres within the staple [107]. Fibre curvature may be used to describe the space-
filling properties of a mass of wool fibres [38]. A reduction in fibre curvature reduces fibre bending 
rigidity [75], the thickness of yarns [106], and increases the soft-handle of fabrics. 
 
Studies on the softness of wool fibres have used either subjective assessment (i.e. tactile appraisal) 
[64, 75, 92, 102] or resistance to compression (RtC) measurement [102]. Resistance to compression 
method is an objective way to reflect fibre compressibility. Because of a high correlation between 
crimp frequency and resistance to compression [21, 76, 97], the softness of a knitted fabric is also 
related to the RtC value of raw wool. Madeley et al reported that compressibility of the knitted fabric 
increases and bending rigidity decreases as loose fibre RtC decreases [74]. Fabric stiffness also 
decreases with decreasing loose fibre RtC and staple crimp. Wool of a greater RtC value is generally 
harsher [96, 102]. Previous study has also indicated that the compressibility of knitted fabrics 
increases and the fabric bending rigidity decreases as loose fibre RtC decreases [74]. Fabric stiffness 
also decreases with the reduced loose fibre RtC and staple crimp. 
 
Measuring resistance to compression (RtC) is an objective way to reflect fibre compressibility, and 
latest fibre curvature (Cur) measurement can be used to predict the crimp characteristics. Both RtC 
value and Cur have been used to describe the softness of wool within wool industry for many years. 
However, it is unclear if these parameters are applicable to those fibres that lack crimp frequency and 
crimp definition, such as alpaca fibre. 
 
When assessing fabric handle subjectively, the assessor usually strokes the fabric surface with one or 
several fingers [6] and squash the fabric gently in hand. Therefore the perception of such handle 
includes complex parameters of compression, tactile sensation and textural effect. The fabric thickness 
and weight also contribute strongly to subjective evaluations of softness and smoothness of a fabric 
[28]. Wool classers have used a similar technique to subjectively evaluate the softness of wool fibres. 
They usually rub bundles of wool fibres between two fingers or palms, and squeeze the wool to 
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various degrees [102]. They then assess the fibre surface roughness and compressional properties in 
order to grade fibre softness. However, such assessment is high subjective in nature. For a given fibre 
diameter, we know that alpaca fibres are much softer than wool fibres. The reason for this apparent 
difference in softness between alpaca and wool is beyond the scope of this study. Suffice to say that 
the smoother surface of alpaca fibres is one of the main factors that contribute to their softness. To 
measure the difference objectively, it is necessary to develop a new technique for evaluating fibre 
softness with the inclusion of fibre surface properties. 
 
This study compares the resistance to compression behaviour of wool and alpaca fibres, and examines 
a simple technique of objectively evaluating fibre softness, by pulling a bundle of parallel fibres 
through a series of pins. Alpaca and Merino wool fibres were used for the resistance to compression 
measurements. The theoretical basis for the proposed technique of softness measurement was 
discussed and an experimental rig was constructed to examine the effectiveness of this approach in 
discriminating against alpaca and wool fibres. Alpaca and wool bundle samples were employed to 
validate the concept of softness measurement. 
 
6.2  Experimental 
 
6.2.1  Materials and Preparation for RtC Measurements 
For the RtC measurements, we selected five wool samples (ranging from 16µm to 29µm) and thirteen 
alpaca samples randomly from sale bales. The alpaca fibre samples include different classed fineness 
lines (Fine, Medium to Strong line) with a good average length (80-120mm). We scoured all samples 
under identical conditions, dried the scoured samples in air and then conditioned them for more than 
one week under the standard temperature of 20±2°C and relative humidity of 65±2%. 
 
We also carried out the resistance to compression tests on alpaca fibres sampled from alpaca tops. 
 
We selected two test-specimens from each conditioned bulk sample for testing and measured the 
specimens for resistance to compression (RtC) according to the Australian standard -AS3535-1988.  
After the RtC measurement, all tested samples were relaxed for up to 48 hours. The relaxed samples 
were then used to measure the fibre diameter and curvature using an OFDA instrument. The same 
procedures were used to measure the samples from alpaca tops. 
 
6.2.2  The System for Softness Measurement and Experimental Procedures 
 
6.2.2.1  Testing system 
Figure 6.1 shows a photo of the experimental set-up for pulling a bundle of fibres through a series of 
pins for softness evaluation. Details of the pin configurations are given in Table 6.1. 
 

Table 6.1  Pin configurations 
Parameters Rig setting 

Distance between pins (mm) 0.48 
Pin diameter (mm) 1.57 
Number of pins 10 
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Figure 6.1  Experimental set-up 
 
We use a LLOYD material testing instrument (LR30K type) to pull the test specimen at a crosshead 
moving speed of 300mm/min (Figure 6.1). As shown in Figure 6.1, a load cell is attached to the 
crosshead to sense the pulling force. The force signal is acquired by a laptop computer system. Then, 
we compute the Specific pulling force (cN/Ktex) versus displacement of the fibre bundle (mm) based 
on the linear density of each test specimen. 
 
The theoretical basis for this set-up is provided below. For simplicity of explanation, we consider the 
simple case of a fibre bending over 3 pins of equal diameter D, as indicated in Figure 6.2. 
 

 
Figure 6.2  A fibre bending over 3 pins 
 
Assuming the bending is within the elastic limit of the fibre, the concentrated load W at the centre 
should be [44]:  
 

3
max

L
EIy48W =        (6.1) 

 
Where: 
 E = Bending modulus of the fibre 

I = Moment of area of the fibre cross-section (I = 
64
d4π , where d is the diameter of a fibre 

with circular cross-section)  
 ymax= D (Pin diameter) 
 L = Distance between pins. 
 
If we attempt to pull the fibre out of the pins, we will have to overcome the frictional resistance 
between the fibre and the pins. As the concentrated load W increases, a higher force will be required to 

L
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pull the fibre. According to Equation 6.1, W is a function of the fibre’s bending rigidity (EI). 
Similarly, if the fibre surface property changes, the force required to pull the fibre out of the pins will 
also change, and a smoother surface will offer less frictional resistance and hence a lower pulling force 
will be required. Smut and Slinger reported that against-scale friction also contributed to the tactile 
properties (handle) of loose wool and mohair [99].    
 
Based on the above discussions, the force required to pull a fibre over a series of pins reflects the 
combined effect of fibre stiffness, fibre diameter and fibre smoothness. Since fibre stiffness, diameter 
and smoothness affect fibre softness, we should then be able to use the pulling force to evaluate the 
softness of fibres. 
 
6.2.2.2  Bundle Sample Preparation 
For the preparation of fibre bundles, we soaked the greasy alpaca and wool samples into a solution 
containing 1% (owf) Solpon 4488 at 60°C, gently swayed samples using long handle tweezers for 10 
minutes, rinsed twice and dried samples at 60°C in an oven for 4 hours. We then washed the scoured 
samples again using 100% DCM solution (Dichloro-Methane -AR) to remove extra grease, and finally 
dried fibres in the air. We took care to avoid any dissociation of staple structure.  
 
We selected a thin bundle of fibres, and used a hand comb (lab type) to comb out the short fibres 
within the bundle. The bundle tips were then stuck together using a masking tape (approx. 5*5mm2) as 
shown in Figure 6.3 (Left). A hole was poked in the middle of the tape using a needle. Through the 
hole, the prepared sample was attached to the sensor using a hooked needle (Figures 6.1 and 6.3). The 
specimen was then mounted into the test rig with a pretension of 10mg. All specimens were finally 
trimmed from the tensioned fibre ends to the same length of 60mm before testing. 
 

  
 

Figure 6.3  Schematic diagrams of prepared specimens (Left) and mounting fibre bundles (Right) 
 
6.2.2.3  Fibre Diameter and Curvature Measurement 
After the pulling force was acquired by the computer system, we recorded the bundle weight (in mg) 
for calculating its linear density. Then we allowed the specimen to relax for 24 hours, cut each fibre 
bundle into 2mm snippets and measured fibre diameter and curvature using an OFDA100 instrument. 
 
6.2.3  SEM Samples 
We re-scoured some alpaca and wool staples using a DCM solution for Scanning Electronic 
Microscope (LEO-1530) observation. This was to examine the differences in fibre surface properties. 
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6.3  Results and Discussion 
 

6.3.1  Results of Resistance to Compression 
We summarised the average test results in Table 6.2. For the wool fibre, curvature (Cur) and resistance 
to compression (RtC) decrease with the increase of mean fibre diameter (MFD). But this is not the 
case for alpaca fibres. We also note that the RtC values for wool are significantly higher than that for 
alpaca fibre of similar microns. This is likely due to the fact that wool has higher fibre curvature 
(Table 6.2) and crimp frequency than alpaca fibre (Figure 6.4). 
 

Table 6.2  Alpaca and wool fibre properties 
Groups Alpaca fibre Wool fibre 
Class Fine Medium Strong 80s 70s 66s 60s 56s 
MFD (µm) 24.4 26.8 32.8 16.8 19.0 20.0 24.2 28.5 
Cur (°/mm) 37.5 35.8 28.5 132.5 91.7 83.9 69.4 54.8 
RtC (kPa) 4.5 5.1 5.4 10.0 7.5 7.5 7.3 6.8 

 

 
 

Figure 6.4  Crimp profiles of fine wool (Left two, 6-7crimps/cm) and Huacaya alpaca (Right two, 1-
3crimps/cm) 
 
6.3.2  Effect of Fibre Diameter and Curvature on RtC 
In Figure 6.5, we plot the RtC against the mean fibre diameter (MFD). Surprisingly, Figure 
6.5 shows that wool and alpaca fibres behave quite differently, even though they are both 
animal fibres. Similarly, the difference between alpaca and wool in the effect of fibre 
curvature on RtC is also very obvious, as indicated in Figure 6.6. 
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Figure 6.6  Relationship between resistance to compression and curvature of alpaca and wool fibres 
 
In the case of wool, the RtC is highly co-related with its fibre curvature, hence crimp frequency, which 
is consistent with previous findings [76, 95]. Figure 6.7 shows the co-relation between curvature and 
diameter for both wool and alpaca fibres. Because of the strong co-relation between the diameter and 
curvature of wool, the co-relation between RtC and diameter of wool (Figure 6.5) is probably a 
reflection of the curvature effect for wool fibres. Considering that the softness of loose wool is heavily 
dependent on its fibre diameter (FD) [102] and the fact that finer wool is usually much softer than 
coarser wool, the results in Figure 6.5 suggest that RtC is actually a very poor indicator of fibre 
softness, particularly for wool fibres of varying diameters. 
 

  
Figure 6.7  Curvature versus diameter for wool and alpaca fibres 
 
In the case of alpaca fibres, the RtC has a very weak co-relation with fibre curvature, over the narrow 
range of curvatures for the alpaca fibres (Figure 6.6). There is a slightly positive co-relation between 
the RtC and mean fibre diameter for alpaca fibres, suggesting that the coarser fibres may offer greater 
resistance to compression, even though the fibre curvature is lower for coarser fibres as shown in 
Figure 6.7. 
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When we conducted a multiple regression analysis on the effect of both diameter and curvature on 
RtC, we found an excellent co-relation for wool, with an R-square value of about 0.97. In contrast, the 
co-relation between RtC and the diameter and curvature of alpaca is still quite low, with an R-square 
of 0.21. As expected, the dominant effect on RtC is curvature or crimp for wool, and that for alpaca is 
fibre diameter. 
 
If in the case of a low curvature fibre such as alpaca, the diameter effect on RtC is dominant, then we 
would expect to have stronger diameter effect on RtC when the fibre curvature is further reduced. We 
also know that during fibre processing, there is an associated reduction in crimp frequency and fibre 
curvature as reported in Chapter 5 and other researchers [38, 46, 83, 103, 107]. The curvature of 
alpaca fibres in the tops is smaller than that obtained from loose alpaca fibres before processing. Table 
6.3 shows the average diameter and curvature results for the alpaca tops used in this study. It is 
interesting to note that while the fibre curvature in tops is further reduced as a result of the top-making 
processing, the effect of alpaca diameter on its RtC is surprisingly small. 
 

Table 6.3  Mean fibre diameters and curvatures of alpaca tops  
 Fibre property Alpaca top 
MFD (µm) 21.3 26.4 32.2 
Cur (°/mm) 31.3 27.4 21.4 
RtC (kPa) 1.4 1.3 1.2 

 
Based on these results, we can infer that the current RtC test method for wool is not quite applicable to 
low-crimp fibres such as alpaca fibres, because the effects of curvature and diameter on the fibre’s 
resistance to compression are not consistent.   
 
The question now is, why do wool and alpaca differ so much in their resistance to compression 
behaviour? In order to answer this question, we need to look into both the RtC test method itself and 
the different fibre characteristics between alpaca and wool. 
 
6.3.3  Resistance to Compression Test Method and the Fibre Crimp Effect 
Two aspects of staple crimp noted by Lamb et al [60] are crimp definition and crimp frequency. The 
former relates to how visible the crimp appears, which depends on whether all fibres curve together or 
not. The latter is defined as the number of crimp wavelengths per centimetre (cm). Merino wools have 
a clear crimp definition and high number of crimps. Wool staples have more dense and crimped fibres 
than alpaca. For example, wool fibres with diameters in the range of 16.5 - 22.3µm usually have 4 to 8 
crimps per cm; for alpaca fibres, the crimp frequency is about 2 to 3 crimps per cm [95]. Since staple 
crimp frequency can be used to quantify the bulk density of wool [38], methods of direct measurement 
of bulk density have been developed, such as RtC measurement in Australia and South Africa and 
Bulk measurement in New Zealand. RtC is defined as the force per unit area required to compress a 
fixed mass (2.5g) of clean wool to a fixed volume (Φ50×Η12mm cylinder) (AS 3535-1988). This force 
is related to the fibre diameter, crimp frequency, and the shape/definition of the fibre crimp [74]. For 
merino wool, the RtC ranges from 5 to 15 kPa [25]. Wools of greater RtC are generally harsher [96]. 
 
It is reported that the objectively measured raw wool parameter of RtC is the best single indicator of 
the subjectively assessed handle of scoured wool in loose fibre form [76]. The loose fibre RtC is the 
best single parameter that determines softness by a tactile appraisal of fabric knitted from woollen 
spun yarn [74]. Therefore, RtC is commonly used as an index of the softness of fibre and subsequent 
fabric. However, the results in this study suggest that the RtC does not give a good indication of fibre 
softness. 
 
Figure 6.8(a) gives an idealised illustration of the normal compression process, which measures the 
effect of both fibre diameter and crimp frequency on the resistance to compression of wool fibres with 
a clear crimp definition. As the fibre crimp frequency becomes smaller and crimp altitude becomes 
lower, the RtC value becomes more dependent on the fibre diameter. It could be very low in the case 
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of Figure 6.8(b), which gives an RtC reading without the crimp effect. For low-curvature fibres such 
as alpaca, the bulk of the test sample is small, which offers little resistance to compression. The 
resistance to compression may be further reduced if the fibre surface is very smooth, as discussed in 
the following section. 
 

Figure 6.8  Compression models of RtC testing for fibres of different crimp types 
 
6.3.4  Resistance to Compression and the Fibre Surface Effect 
Figure 6.9 shows the SEM images of a typical alpaca fibre and a wool fibre. Comparing with the wool 
fibre, the alpaca fibre scales are thinner and denser. We therefore examined the scale properties of 
more alpaca and wool fibres, and present the results in Table 6.4. With fibre diameters ranging from 
16 to 40µm, the mean scale height of alpaca fibre is approximately 0.4µm, while that of wool fibre (of 
similar fineness range) is around 1.0µm. These results are consistent with reports of Kim-Hô Phan et 
al [89]. The lower scale height and higher scale frequency for alpaca fibres will reduce the frictional 
resistance when the fibres are compressed. This could be another reason for much lower RtC value for 
alpaca fibres, compared with wool.  

 

  
 
Figure 6.9  Scale profiles of alpaca (Left) and wool (Right) fibres 
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Table 6.4  Surface properties of alpaca and wool fibres 

Fibre type Fibre diameter 
range (µm) 

Scale frequency 
/100µm 

Scale height 
(nm) 

Huacaya alpaca 16.57-40.08 10.5 375 

Wool 16.04-39.35 7.6 1098 
 
Next, we will examine if the pulling force method can better reflect the softness of alpaca fibres. 
 
6.3.5  Pulling Force Curves 
Figure 6.10 shows the specific pulling force curves of wool and alpaca fibres. We can see that the 
specific pulling force profiles are quite different for different fibre types as well as for the same type of 
fibres of different diameters. The finer fibre has a lower specific pulling force and alpaca fibre has a 
lower specific pulling force than wool. Considering that finer fibres are softer for a given fibre type 
and that alpaca fibres are softer than wool for a given diameter, these results do suggest that the 
pulling force measurement can reflect the softness of fibres. Figure 6.10 also indicates that different 
specimens have different displacements, which reflects the variations in fibre curvature. The general 
trend is that fibres of a lower curvature have a larger displacement. 
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Figure 6.10  Profiles of specific pulling force for alpaca and wool fibre bundles 
 
6.3.6  Relationship Between Specific Pulling Force and MFD and Curvature 
For each test we take the average specific pulling force in the region of 10-20mm of the displacement 
for further analysis, since within this region, the specific pulling force is relatively stable. Figures 6.11 
and 6.12 show such statistical pulling force versus mean fibre diameter and curvature respectively. We 
can see from Figure 6.11 that alpaca fibre has a lower pulling force compared to the wool fibre of the 
same diameter and both alpaca and wool fibre pulling forces increase with the increase of fibre 
diameter. To achieve the same level of specific pulling force of an alpaca fibre, the wool fibre should 
be around 12µm finer than the alpaca fibre. It is interesting to note that the linear regression line for 
the alpaca fibres appears parallel to that for the wool fibres, suggesting that this test method may be 
able to reveal the intrinsic difference in softness between different animal fibres. Further research is 
needed in this area. 
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Results in Figure 6.12 show that the curvature of alpaca fibre is considerably lower than that of wool, 
and fibre curvature bears little co-relation with the average specific pulling force, except for the slight 
tendency that higher crimp (curvature) fibre seems to give a lower average specific pulling force 
within each fibre group (Alpaca or Wool). In other words, fibre curvature is not a good indicator of 
fibre softness, as mentioned before.  
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Figure 6.11 Relationship between fibre diameter (FD) and specific pulling force 
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Figure 6.12 Relationship between fibre curvature and fibre bundle specific pulling force 
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6.4  Conclusion 
 
This study has demonstrated the profound difference between wool and alpaca fibres in their 
resistance to compression behaviour, which is surprising, considering both fibres are of an animal 
origin. The resistance to compression is highly co-related with the curvature of wool fibres, but this 
co-relation is not as apparent for alpaca fibres. In comparison with wool, alpaca fibres have much 
lower curvature and scale protrusion, which reduces the bulk of the fibre mass and its frictional 
resistance under compression, both leading to reduced resistance to compression. This study suggests 
that the result from the current resistance to compression test method is not suitable for low-curvature 
fibres, such as alpaca, and it is not a good softness indicator for fibres of varying diameters. Many 
factors should be considered together for softness assessment, such as fibre surface properties and 
mechanical properties. 
 
A new testing method for evaluating fibre softness is introduced and a testing rig for the softness 
measurement of fibre bundles was developed in this study. The new softness testing method can 
achieve good discrimination between fibres of varying levels of softness, such as alpaca and wool, 
based on the measured specific pulling forces. The specific pulling force reflects the combined effect 
of fibre surface properties, fibre diameter and fibre rigidity. Fibres with finer microns, lower bending 
modulus and smoother surface have a lower specific pulling force and are softer. The effect of fibre 
crimp or curvature on the specific pulling force or fibre softness is small. 
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Chapter 7 
Bleaching and Dyeing of Alpaca Fibre 
 
7.1  Introduction 
 
Alpaca fibres are produced in a wide range of natural colours, which may provide a natural alternative 
to dyed fibres [27]. However, the large uneven colour varieties and limited fibre quantity have been 
the major barriers to the development of a significant alpaca fibre industry in Australia. Textile 
manufacturers pay a premium for white or non-coloured alpaca fibres while the coloured alpaca fibres 
attract a large discount in the market place. The bulk of the Australian alpaca clip has a brown to dark 
brown colour, which attracts a discount at present. White fibre provides processors and consumers 
with colour flexibility, while dark pigmented fibres restrict the dyeing of bright pale or medium 
shades. Bleaching is a potential solution to ‘lighten’ the colour so that bright coloured textile articles 
can be produced from these brown alpaca fibres.  
 
Hydrogen peroxide (H2O2) is a widely used agent for the oxidative bleaching of wool and other 
pigmented animal fibres [19, 22, 33, 66, 72, 80]. Its oxidation mechanism is reviewed in detail in the 
previous literatures [19, 33]. During the oxidizing reaction, H2O2 is converted into the perhydroxy 
species (HO2

-), which is responsible for bleaching. Since the HO2
- ion is relatively unstable and easily 

forms molecular oxygen (O2), which escapes from the bleach solution reducing the bleaching effect 
[48], a stabilizer is often added to the bleaching bath. A stabilizer, such as Tetra Sodium 
Pyrophosphate (TSPP), enhances the stability of the bleaching species in the bleach bath and inhibits 
the wasteful breakdown of perhydroxy ion to yield molecular oxygen [19, 33]. Additionally, the rate 
of decomposition of H2O2 rises with increases in temperature and pH, as does the rate of bleaching 
[33]. 
 
Hydrogen peroxide (H2O2) is an odourless liquid that is easily manageable and available in convenient 
and safe forms [19]. However, it causes damage to the fibre [15, 19]. The damage arises from attack 
on amino acids in the keratin fibre, particularly cystine, which is converted into cysteic acid [33]. 
Thereby oxidative bleach reagents rupture the disulphide bonds [33], crosslinking components of 
proteins and possibly the polypeptide chains [19]. This damage can lead to adverse effects on the 
fibre’s mechanical properties. 
 
Pigmented fibres, such as alpaca and karakul wool, require a specific mordant bleaching process, if the 
dark melanin pigment is to be removed [33]. An efficient pigment bleaching with minimum fibre 
damage is provided by the use of metal catalysts in mordanting step preceding peroxide bleaching 
[15]. Because the electron density of native melanin is higher than that of keratin, the metal cations are 
preferably absorbed by the melanin. The iron (II) salts are commonly used as a mordant. The presence 
of iron II ions in the melanin pigment causes hydrogen peroxide to undergo radical conversion to form 
perhydroxy anions (HO2

-). This increase in the number of radicals and their location, next to the 
melanin, brings about a more complete disruption of the melanin polymer [33]. 
 
Rinsing following the mordanting step proved to be critical with regard to fibre damage [15, 33]. The 
rinsing step is used to remove excess iron from the keratin fibre matrix, which is not bound to a 
melanin pigment. If excess iron is present in the fibre then over bleaching occurs throughout the whole 
fibre, rather than at the pigment source, causing a reduction in fibre strength. 
 
A wetting agent that added to the bleach bath improved the penetration of the bleach chemicals into 
fibre structure. Penetration is essential as the pigment is contained inside the fibre structure as well as 
on the fibre surface [15, 54]. The wetting agent also assists in the removal of air from the fibre bundle 
so that water penetrates into all fibres in the fibre bundle. The benefit of detergent in bleach bath is to 
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maintain any particles and/or soiling removed from the fibre in suspension. A detergent also assists in 
the wetting of fibres, as its structure is similar to that of a wetting agent. 
 
Some research has been carried out for bleaching effects on karakul cashmere and coloured wool [15, 
22, 33]. However, reference for bleaching alpaca fibre is currently inadequate. In this study, we have 
selected two oxidative bleaching methods for trial on alpaca top to assess their effectiveness for colour 
removal and effect on fibre properties.  
 
Alpaca fibre, like wool and other animal hairs, contains a high amount of the amino-acid cystine, 
which provides disulfide crosslinks within and between the polypeptide chains [19, 66, 91]. The 
mechanical properties of fibres are highly dependent upon the number of disulfide crosslinks present 
and their distribution [72]. The disulfide bonds or polypeptide chains are easily attacked by wet 
processing conditions such as: the bleaching reagents (either oxidative or reductive), high temperature 
and alkali treatment. For example, one cystine unit can be oxidized to form two cysteic acid residues 
[19, 33, 109]: 

 
Methylene blue is a kind of basic dye containing three heterocyclic rings [85, 91]. It forms a salt with 
cysteic acid under weak acidic conditions. As the amount of cysteic acid of fibre increases, the 
absorption of methylene blue will also increase. Due to this the amount of cysteic acid present can be 
measured by treating the fibre samples in a solution of methylene blue. The absorbance of the finished 
liquor has a negative linear relationship to the percentage of cysteic acid present [54]. Since the cysteic 
acid is the residue of cystine disintegration when the disulphide bond is broken under oxidation, high 
temperature or other chemical treatments, this index (absorbance value) can be used to identify the 
fibre damage after bleaching and dyeing. 
 
Fine animal fibres, including alpaca, consist of inner cortical cells and outer cuticle cells [66, 72]. Of 
particular interest to the dyer is the shape and nature of the outer layer (namely scale) of the fibre [66]. 
There are three sub-grouped layers of each cuticle: exocuticle, endocuticle and epicuticle [58, 66, 72, 
78]. Exocuticle cells contain the major part of cystine amino-acids of the cuticle. The cystine acid 
present in the exocuticle is highly crosslinked to protect the fibre. The crosslinking also reduces dye 
penetration into the cortical cell. Endocuticle cells contain low cystine amino-acid. These cells are 
enzyme-digestible. The low cystine content makes the endocuticle more susceptible to chemical attack 
than the exocuticle. Epicuticle cells have a thin hydrophobic membrane, which is relatively chemically 
inert. This resistant membrane is the last part of the fibre to dissolve during treatment with reagents 
such as acids, alkalis, proteolytic enzymes and oxidizing or reducing agents [66].  
 
Under alkaline conditions, H2O2 can effectively oxidize cystine to cysteic acid residues [19, 66, 72], 
causing a cleavage of the disulfide bond. The exocuticle or epicuticle of each cuticle scale is an 
effective barrier to dye penetration. The breaking of disulfide crosslinks of the membrane during 
bleaching is believed to make it easier for dyes to penetrate the fibre, and hence cause an accelerated 
dye uptake [72]. In addition to the oxidative treatment, the presence of wetting and levelling agents in 
the dye bath also increase the extent of fibre swelling and facilitate dye penetration. Some researchers 
have reported that the dyeing properties of mordant-bleached fibres such as Karakul wool are different 
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to those of normal wool. In particular, the uptake of acid dyes is slower, indicating the presence of a 
relatively large number of sulphonic acid groups in the modified wools [66]. 
 
Bleaching is chemically damaging to the fibres. Choosing optimum processing conditions is essential 
to minimize damage [16, 23, 24, 40, 66, 72]. Dyeing also affects the quality of the bleached tops. Both 
bleaching and dyeing processes are complex, and they involve the chemical reactions taken place 
between bleach agents, dyes, chemicals and fibres [33, 66, 91]. The chemical compounds generated 
from these reactions could affect the fibre properties, and mechanical properties in particular.  
 
There is a large degree of variation of colour existing in the pigmented fibres, such as alpaca fibre, 
Karakul wool etc. Bleached and bleached/top dyed slivers need to have increased gillings before 
spinning to remove this variation of colour. There was a change in the structure of the wool-dyeing 
industry during 1980-90s, with a trend away from the loose stock dye and worsted top dye to the late-
stage colouration [66]. Yarn package dyeing provides the textile industry with an opportunity to colour 
yarn at the latest possible stage prior to fabric manufacture. This is of prime importance if the dyer is 
to respond rapidly to changes in fashion and consumer demands [66].  
 
This study evaluates the bleaching methods developed for coloured alpaca fibre. Two selective 
bleaching methods were used to bleach dark brown alpaca tops. Tops were processed into yarns, using 
a worsted spinning system, with different yarn counts and twist settings. The bleaching and dyeing 
effectiveness of the bleached fibre at top and yarn stages were presented. Yarn quality, including 
evenness, hairiness and strength, was investigated. 
 
7.2  Experimental 
 
7.2.1  Bleaching 
A Theis Ecobloc LFA pressure package dyeing machine (capacity of 20 litres) was used for bleaching. 
The liquor ratio was set at 20:1. A dark brown alpaca top was selected as the trial fibre, and was split 
up into three groups. One group remained as a control (Unbleached) while the other two groups (1.0 
kg for each) were treated using two selective oxidative bleaching methods respectively. Process 
methods and recipes for bleach methods I and II are listed as follows: 
 
Bleach Method I - Modified Conventional Ferrous Mordant System: 
 
Mordanting: Fill the bath with cold water and add: Ferrous Sulphate (FeSO4•7H2O) -8.0g/l, Formic 

Acid (HCOOH) -1.0ml/l and Ascorbic Acid (C12H18O11) -4.0g/l, check bath pH of 3.4. 
Heat the bath to 80°C at 3.0°C/min and hold for 60 minutes before draining. 

Rinsing: Refill the bath and heat to 80°C at 3.0°C/min, hold for 20 minutes; drain and refill 
again, overflow rinse for 10 minutes and drain. 

Bleaching: Refill the bath and add: IMEROL XNA (Clariant) -1.0g/l, Tetra Sodium 
Pyrophosphate (TSPP) -2.0g/l, then check bath pH of 6.7. Add Hydrogen Peroxide 
(H2O2) -14.0g/l and heat bath to 68°C at 3.0°C/min and hold 80 minutes then drain. 
Refill and rinse at 50°C for 10 minutes and drain. 

 Fill and heat the bath to 40°C, and add Oxalic Acid (HOOCCOOH•2(H2O))-3.0g/l; 
then heat bath to 70°C and hold for 20 minutes. Warm rinse at 50°C for 10 minutes. 

 
Bleach Method II  - Radical Ferrous Mordant System: 
 
Mordanting: Fill the bath with cold water and add: Ferrous Sulphate (FeSO4•7H2O) -10.0g/l, 

Formic Acid (HCOOH) -6.0ml/l and Cibaflow Cir (Ciba Specialty Chemicals) -0.5g/l, 
check bath pH of 2.9. Heat the bath to 80°C at 3.0°C/min and hold for 60 minutes 
before draining. 
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Rinsing: Refill the bath and add Formic Acid (HCOOH) -4g/l, and heat to 80°C at 3.0°C/min, 
hold for 20 minutes and cool to 70°C; drain and fill again, rinse at 50°C for 10 
minutes and repeat rinse at same condition once. 

Bleaching: Fill the bath and add: Hydrogen Peroxide (H2O2) -28.0g/l, Tetra Sodium 
Pyrophosphate (TSPP) -10.0g/l, Oxalic Acid (HOOCCOOH•2(H2O)) -4g/l, Sodium 
Carbonate (Na2CO3) -5g/l, and Cibaflow Cir - 0.5g/l. Adjust pH for above solution to 
8.3 with Ammonia solution, then heat bath to 70°C at 3.0°C/min and hold 50 minutes. 
Fill and rinse at 50°C for 10 minutes and drain, and repeat rinse. 

 
The main differences between the two bleach systems are the concentration of Hydrogen peroxide 
(H2O2) (the concentration of H2O2 of bleach Method I is half of that in Method II), bleach chemicals, 
bleach time, bleach pH and rinsing process. 
 
7.2.2  Top and Yarn Dyeing 
The pre-metallised Lanaset dyes were used for top and yarn dyeing. The standard dyeing system given 
in the CIBA Specialty Chemicals - Lanaset pattern card was adopted. To compare the dyeing ability of 
bleached alpaca tops, three different dye concentrations (0.1%, 0.8%, 3.0%) were used to achieve 
Pale, Medium, and Deep colour shades respectively. 
 
Yarns from both bleaching methods were package wound on disposable plastic dye centres, ready for 
package dyeing. The packages were wound in a cheese form to a density of 320g/l. The recipe and 
process for both top and yarn dyeing were: 
 

The dyeing bath contained: 0.5% w/w Albegal FFA (Ciba Specialty Chemicals), 2.0g/l Acetic 
Acid Solution 60% (CH3COOH), 1.0g/l Sodium Acetate (CH3COONa), 5.0% w/w Sodium 
Sulphate (Na2SO4), 1.0% Albegal set (Ciba Specialty Chemicals), 3.0% Ingasol HTW New 
(Ciba Specialty Chemicals) and Lanaset dyes. The pH of the dye liquor was adjusted to 4.5-
5.0. The bath was heated to 70°C at 1oC/min then held at 70°C for 15 minutes before being 
raised to 98°C at 1oC/min. The bath was held at 98oC for 30 minutes before being cooled to 
50°C at 1oC/min. The dyeing was rinsed for 5 minutes before being softened with 2.0% Mega 
soft Jet (Ciba Specialty Chemicals). The bath was held for 20 minutes at 40°C while the 
softener was applied.  

 
7.2.3  Fibre and Yarn Property Measurements 
Moisture regain analysis was conducted on the bleached and unbleached alpaca tops using a CSIRO 
direct reading regain tester. Five tests were conducted within 24 hours. Fibre diameter was measured 
using an Optical Fibre Diameter Analyser (OFDA 100) according to AS 4492.5-2000. Fibre weight 
loss was calculated by weighing oven-dried samples before and after bleaching. Bundle strength 
testing was performed according to the ASTM standard 1294 using a LLOYD LR30K tensile testing 
rig. The colour was obtained using a Spectraflash 600 PLUS-CT spectrophotometer under the standard 
illumination light D65. Yarns were wound on a cardboard base to a uniform density before the colour 
was measured. A field emission gun scanning electron microscope (LEO-1530) was used to examine 
the fibre surface profiles on the bleached and unbleached tops. Yarn evenness (CV% of mass) and 
hairiness index were measured by a Zellweiger USTER® Tester 4 system. Results of yarn tenacity and 
elongation were obtained using a USTER® Tensorapid 3 according to ISO 2062 (1993). The testing 
clamp speed was set at 2000mm/min. Wash fastness was assessed after dyeing according to the IWS 
standard TM 193. 
 
A simple method for fibre degradation test was applied in this study. Details originated from Knott's 
work [54] are as follows: 
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Preparation of methylene blue solution 
The pH 3.5 methylene blue solution contained 0.0365 mol/l sodium hydroxide (NaOH), 0.210 mol/l 
acetic acid (CH3COOH), 0.64 g/l methylene blue and a drop of Albegal FFA (Ciba Specialty 
Chemicals). The pH was adjusted to 3.5 with extra sodium hydroxide. 
 
Fibre treatment 
Each unbleached, bleached and dyed alpaca top and yarn was cut into short lengths and weighed 0.5g 
as a test sample. Each sample was treated in a 5ml of methylene blue solution at a liquor ratio of 1:10 
for 30 minutes at 40oC. The final liquor was set aside, the fibres were squeezed, rinsed in water and 
dried. 
 
Measurement of absorbance 
A bath was made up to a total volume of 500ml with 3ml of the methylene blue treatment and distilled 
water. The absorbance of remained methylene blue was then measured at a wavelength of 664nm 
using a Hach DR 4000 spectrophotometer. 
 
7.2.4  Yarn Specifications 
A dark brown alpaca top, two bleached tops and two bleached/top dyed tops were processed into yarns 
using a worsted spinning system. The yarn counts and twists have been listed in Table 7.1. A portion 
of each of the bleached yarns was yarn dyed after spinning. The same dyeing system and yarn 
parameters as top dyed yarns were applied to the yarns dyed after spinning. 
 

Table 7.1   Yarn specifications 

Yarn count (Tex) Twist (Turns/m, tpm) Twist factor (
100

textpm×
) 

90.9 273 26.0 
62.5 268 21.2 
62.5 328 25.9 
62.5 390 30.8 
28.6 390 20.9 
28.6 486 26.0 
28.6 586 31.3 

 
 
Abbreviations for top and yarn labels are as follows: 
 

UnBL:   unbleached top or yarn 
BL-I:   top or yarn from Bleach (method) I 
BL-II:   top or yarn from Bleach (method) II 
BLI-top dyed:   dyed top or yarn from BL-I at top stage 
BLII-top dyed:   dyed top or yarn from BL-II at top stage 
BLI-yarn dyed:   dyed yarn after spinning from BL-I top 
BLII-yarn dyed:  dyed yarn after spinning from BL-II top 

 
 
7.3  Results and Discussion 
 
7.3.1  Colour Differences of Tops and Yarns 
Results of colour measurement show that the D1925 yellowness index of bleached tops is reduced to 
74.3 and 64.5 from 83.1 for BL-I and BL-II respectively, indicating that both bleached tops provide a 
good base for the dyeing of medium to deep shades. 
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The hydrogen peroxide bleaching of the brown alpaca fibre reduced the depth of shade and improved 
the chromaticity of the fibre. Figures 7.1 and 7.2 show a comparison of the CIE L* and C* values of 
the alpaca tops and yarns before and after bleaching, bleaching/top dyeing and bleaching/yarn dyeing 
stages. It can be seen that the lightness and purity of colour (Chromaticity) of both bleached tops have 
been improved. As the base colour of the bleached fibre is lighter, it has less impact on the dyed 
colour. This allows for lighter shades to be obtained from the dark fibre without greatly affecting the 
hue of the dye. An improvement of the chromaticity of the BL-I fibre gives less influence on the 
chromaticity of the dyed product. As chromaticity values of the dye and fibre are subtractive, a low 
chromaticity value for the fibre will result in a dull dyed shade. 
 
 

 
Figure 7.1  Colour differences of unbleached, bleached and bleached/dyed tops 
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Figure 7.2  Colour differences of unbleached yarn, top bleached and dyed yarn, and bleached top then 
package dyed yarn 
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After dyeing, BL-I had a reduced lightness and chromaticity improvement than that of BL-II. This is 
because the deeper brown colour of the base fibre affects the depth and purity of shade. It is expected 
that chemical modification during bleaching, which alters the number of basic groups in fibres, will 
also alter the level of dye uptake at saturation [72]. 
 
Figure 7.2 shows that there is little influence on the dyed colour due to the processing path compared 
to Figure 7.1. Results are similar between top dyeing and yarn dyeing. This allows the process to leave 
colouration until further down the processing stage to allow greater flexibility in production. BL-II top 
provides a lighter colour base for dyeing both top and yarn to a more vivid extent than BL-I. 
 
7.3.2  Fibre Degradation After Bleaching and Dyeing 
Bleaching and dyeing of alpaca fibre result in a degradation of the fibre, as shown in Figure 7.3. There 
is a reverse relationship between absorbance of Methylene blue and the amount of Cysteic acid present 
in the fibre: the lower the absorbance value, the higher the degradation of the fibre. It can be seen from 
Figure 7.3 that all the samples from BL-II had a higher level of fibre damage than BL-I. This is due to 
higher temperatures and chemical concentrations used in the bleaching step of the method. There is no 
significant difference in fibre damage between bleached/top-dyed and bleached/yarn-dyed for each of 
the bleach methods.  
 

 
Figure 7.3  Absorbance of Methylene blue of different treated tops and yarns 
 
7.3.3  Modification of Fibre Surface and Fibre Diameter 
BL-I shows little fibre surface modification (Figure 7.4). Most scales remain on the fibre. However, 
considerable surface modification can be seen in the BL-II fibre image. Some scales are stripping off 
from the fibre trunk and edges are removed. Such changes may result in a smooth surface and a finer 
fibre diameter reading. The fibre is also shrivelled, as shown in Figure 7.4. BL-II resulted in a mean 
diameter reduction of 1.9 microns during top bleaching, while BL-I only gave a 0.5 micron reduction, 
as shown in Table 7.2. Prickle factor of two bleached tops is remarkably improved. A reduction in 
fibre diameter allows for the production of a finer yarn or a yarn with improved evenness. 
 
Table 7.2 also shows that the mean fibre diameter decreases 4.8% and 8.0% for BL-I and BL-II yarns 
respectively. A reduction up to 2.3 microns of mean fibre diameter in BL-II yarns is significant. This 
result is consistent with the bleached tops. Dyeing after bleaching does not affect fibre diameter for 
either bleach methods dyed at top and yarn stages. The bleached yarn package dyed at the yarn stage 
has lower CVD than the others. 
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Figure 7.4  Surface Modification after Bleaching (UnBL BL-I BL-II) 
 

Table 7.2  Effect of bleaching and dyeing on the changes of mean fibre diameter 
  MFD (µm) CVD (%) Prickle factor (%) 

UnBL 29.0 28.2 41.4 
BL-I 28.5 27.8 38.9 T

op
 

BL-II 27.1 27.9 30.3 
Untreated 28.9 27.7 39.1 

BL-I 27.5 28.9 35.5 
BL-II 26.6 28.2 33.7 

BLI-top dyed 27.8 28.2 36.6 
BLII-top dyed 26.5 28.1 27.8 
BLI-yarn dyed 27.4 26.6 35.0 

Y
ar

n 

BLII-yarn dyed 26.6 26.1 28.7 
 
 
7.3.4  Changes of Fibre Bundle Strength 
Table 7.3 shows that the bundle strength of BL-II top reduced significantly by 18.0%, whereas BL-I 
only reduces by 2.4%. Fibre extension is reduced more for BL-II than that of BL-I. These results 
should be attributable to damage/changes of the keratin matrix. Since the volume of H2O2 used in 
bleach method II was double that in method I, the severe bleaching condition in method II should lead 
to more fibre damage. Fibre weight is also reduced during bleaching, the more severe the bleach, the 
higher the loss of fibre weight. Oxalic Acid was used in the final rinse bath of BL-I to remove any iron 
deposits that were still present in the fibre. This step also reduces the damage to the fibre. 
 

Table 7.3  Bundle strength for bleached and unbleached alpaca top 
Top Stress (N/Ktex) Strain % Weight loss % 

UnBL 88.9 38.0 0 
BL-I 86.7 18.4 5.8 
BL-II 72.9 11.9 7.8  
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7.3.5  Yarn Properties  
For yarns with the same yarn count, the yarn tenacity and elongation increase with increasing twist 
(Figure 7.5). With the same or similar twist factor (e.g. 26), tenacity decreases with a decrease of yarn 
count. Elongation also trends in the same direction. For yarns with the same count and twist, tenacity 
decreases after bleaching and dyeing in most cases. Yarns from the bleach-II system have higher yarn 
strength and elongation than yarns from bleach-I system. The strength increase is mainly due to the 
reduction of fibre diameter of BL-II during bleaching (See Table 7.2). A reduction in fibre diameter 
causes an increase in the number of fibres in the yarn cross-section. Such change leads to an increase 
in the yarn strength. 
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Figure 7.5  Variation of yarn tenacity and elongation due to bleaching and dyeing 
 
After top bleaching, spinning and yarn dyeing, the yarns have an overall higher tenacity and 
elongation than yarns spun from fibre that was bleached and dyed at the top stage. This result may be 
due to less fibre damage during the yarn package dyeing. Low tenacity and elongation of top-dyed 
yarns may also be caused by a reduction in length from fibre breakage during gillings before spinning. 
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The differences in yarn tensile properties may also result from the fibre degradation after bleaching 
and top dyeing. 
 
Coarser yarn generally has better evenness (low CV% of mass) than finer yarn where the same fibre 
diameter is used (Figure 7.6). There are slight differences in evenness between yarns obtained from 
different treatment routes. However, there are no significant evenness differences among them. Some 
yarns dyed at the yarn stage seem to be more even than yarn dyed at the top stage. This is because top 
dyeing tends to increase the degree of fibre entanglement in the top. An entangled top leads to greater 
fibre breakage and unevenness of top during further processing. Strength loss also occurs during top 
dyeing which results in an increase in fibre breakage during further processing. 
 
Hairiness values of the yarn from BL-II system are higher than those of BL-I, and the hairiness values 
of all treated yarns are higher than those of the untreated yarns, regardless of processing routes, as 
shown in Figure 7.6. This may be due to the reduced mean fibre diameter for the BL-II yarn, which 
increases the average number of fibres in the yarn cross section. Previous studies have shown that the 
number of ‘hairy ends’ is closely related to the number of fibres in the yarn cross section [10, 11]. In 
addition, the increased fibre damage for the BL-II system may lead to increased fibre breakage during 
processing and reduced fibre length in the yarn, resulting in a further increase in yarn hairiness. 
Hairiness of treated yarn either bleached or bleached/dyed increases significantly compared to 
untreated dark-brown 
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Figure 7.6  Variations of yarn evenness and hairiness due to bleaching and dyeing 
 
Hairiness decreases from coarse yarn to fine yarn and increasing in twist level to the same count yarns 
reduces the yarn hairiness (Figure 7.6). 
 
7.3.6  Dyeing Ability and Wash Fastness After Bleaching 
In the comparison of dyeing ability, it was observed that BL-II displayed a far better colour clarity at 
pale to deep depths. However the subsequent wash fastness of the finished product is 1 grey scale unit 
on average poorer than BL-I (Table 7.4), and the dyed top did not maintain the depth or clarity of the 
colour after laundering. Scale removal may also improve dyeing rate because of the reduction of the 
surface barrier effect [53]. However the dye can easily migrate out of the fibre during subsequent 
laundering. 
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Table 7.4  Wash fastness testing for bleached/dyed samples (Colour change and staining were 
assessed separately, after dying using grey scales) 

Colour depth Pale Medium Deep 
Bleaching method BL-I BL-II BL-I BL-II BL-I BL-II 

Colour change: Grey scale 3 2 4 3 4 4 

Acetate 5 5 4/5 4/5 5 4 

Cotton 5 5 5 4/5 4/5 4 

Nylon 6.6 5 4/5 4 3/4 4 4 

Polyester 5 4/5 4/5 4/5 4 3/4 

Acrylic 5 4/5 5 4/5 4/5 4 

St
ai

n 
fa

br
ic

 

Wool 4/5 4/5 4/5 4/5 4 3/4 
 
BL-II also has a reduced dye exhaustion (Table 7.5), which may be due to more cysteic acid residues 
formed when the fibre disulphide bond was broken during oxidizing [19, 22]. The cysteic acid may 
repel the negative ions of the dye and reducing dye exhaustion. BL-I shows better exhaustion than BL-
II. BL-I also exhibits better wash fastness results. 
 

Table 7.5  Dye exhaustion 
Bleaching method Dye application (%) Dye exhaustion (%) 

0.1 48.4 
0.8 84.0 BL I 
3.0 89.3 
0.1 41.8 
0.8 83.0 BL-II 
3.0 86.7 

 
7.3.7  Differences of Moisture Regain Between Bleached and Unbleached Tops 
Fibre surface modification and scale removal affect the speed of fibre moisture absorption. Figure 7.7 
shows that the bleached fibre is quicker to absorb water from the air in the first few hours after 
removing from drying, and less likely to keep moisture than the unbleached fibre does. This 
phenomenon would affect moisture content of top during further processing and handling of finished 
products. By subjectively assessing the tactile sensation, using multiple assessors, the effect of static 
electricity is noticeably reduced in the bleached top. It is supported by the research work of Johari et al 
[52], that the increase in relative humidity causes a reduction in electrical resistance of fibres, hence 
static electricity. 
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Figure 7.7  Moisture regain differences between bleached and unbleached top 

 
 
7.4  Conclusion 
 
Two bleaching methods for dark coloured alpaca fibre bleaching are evaluated in this chapter. Both 
bleaching methods provide a good base for dyeing alpaca fibre into a more attractive medium or deep 
shades. These shades will enhance the value of dark coloured alpaca. The modified conventional 
bleaching (BL-I) leads to a good finished top that retains the strength of the untreated brown alpaca 
fibres. This method resulted in less fibre damage and should be used where retaining the properties of 
the alpaca fibre is important. BL-I has a reduced lightness and better chromaticity than that of BL-II. 
The radical selective bleaching (BL-II) gives some quite radical changes to the lustre. It leads to a 
significant reduction in both colour depth and fibre micron, resulting in a whiter and finer alpaca fibre. 
Due to the reduction in chemical and energy used in BL-I, the cost of processing is lower for BL-I 
than that for BL-II. 
 
Fibres bleached with BL-I have less damage than those bleached with BL-II. Bleaching and dyeing of 
the alpaca fibre causes a reduction in yarn tenacity and elongation. When colour reduction in 
pigmented fibres becomes more important than fibre damage, moderate losses in strength can be offset 
by the advantages that the bleached fibre attributes to the yarn. 
 
A 2.3µm reduction in fibre diameter after bleaching with BL-II increases the number of fibres in the 
cross section of the BL-II yarns. This results in an increase in the yarn strength and hairiness. The 
increased fibre damage recorded for BL-II also contributes to the higher level of hairiness of the 
bleached and bleached/top dyed yarns. 
 
Fibre bleached with BL-II exhausts less dye than BL-I. The wash fastness of the finished products 
from BL-II is 1 grey scale unit on average poorer than BL-I, and the dyed top does not maintain the 
depth or clarity of the colour after laundering. 
 
Fibre surface modification and scale removal due to bleaching affect the speed of fibre moisture 
absorption. Bleached alpaca fibre is quicker to absorb water from the air in the first few hours after 
removing from drying. 
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It is recommended from this study that a lower concentration of hydrogen peroxide (such as that used 
in BL-I) can be used to minimize fibre damage but still achieve a light colour base for dyeing 
pigmented alpaca fibre. The process of top bleaching then yarn dyeing is recommended to reduce yarn 
strength and evenness problems associated with the top bleached/top dyed fibre. 
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Chapter 8 
Fibre Diameter and its Variation after 
Alpaca/Wool Blending 
 
8.1  Introduction 
 
Mean fibre diameter (MFD) is recognised as one of the most important wool properties. It is not only 
closely related to fibre processing performance, but also related to yarn, fabric, and garment 
performance. In addition to MFD, the coefficient of variation (CVD) of fibre diameter also influences 
yarn and fabric properties, especially yarn evenness [29, 30, 82] and fabric prickle [32]. Effective 
fineness (Fe), as described in Equation 8.1 [30], gives a comprehensive value of both mean fibre 
diameter and coefficient of variation of fibre diameter. Wool fibres with the same effective fineness 
values would have the same potential to achieve a certain level of yarn evenness. 
 

])
100

CV5( + 1 [  MFD= F 2D
e        (8.1) 

 
The inclusion of the CV of fibre diameter in addition to the mean fibre diameter in sale catalogues is 
one of the more recent developments in raw wool metrology. The SIROLAN-Laserscan and the 
Optical-based Fibre Diameter Analyser (OFDA) offer the choice of instruments for commercially 
measuring these parameters [50, 51]. The rationale for both of these more advanced technologies is a 
degree of automation and computer control that will lower operating costs so that they can compete 
with the Airflow instrument, and the ability to provide both mean diameter and diameter distribution 
measurements [49, 50, 51]. 
 
Before wool fibre can be measured using the Sirolan-Laserscan or OFDA, it is normally guillotined or 
minicored into approximately 2mm snippets. The sliver guillotining process, as shown in Figure 8.1 
(left), is to sample a snippet from each fibre presented in the cross-section of the sliver. In other words, 
if the sliver is a fibre blend, the MFD should be a linear function of the total fibre/snippet number of 
each individual component rather than their weight ratio. 
 

  
 

Figure 8.1  Guillotiner for snippet sampling from a wool sliver (left) and spread snippets (right) under 
the microscope (OFDA version) 
 
Fibres are commonly blended in the pipeline of converting fibres into yarns for a number of reasons. 
Fibre blends can be utilised to develop new products and enhance product ranges and properties. 
Blending may also be carried out for cost reasons. Fibre processors endeavour to supply a specified 
product at minimum cost, and therefore they will attempt to make the most cost effective blend 
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possible to meet their customers’ requirements. Mills often blend several different types of wool and 
other fibres together so as to obtain a homogeneous consignment or maintain a standard type of blend, 
and also to meet the specifications required for engineering a specific yarn type. 
 
There are also technical reasons why fibres are blended. Tops are dyed and then re-mixed after dyeing 
to make sure that the entire batch of tops is of the same colour. 
 
Blending may enhance the processing performance of yarns, but it may also cause concerns. Since the 
MFD and CVD are the most important parameters for fibre processing and yarn quality assurance, the 
prediction of the overall MFD and CVD is vital to the blending exercise. 
 
Unlike fibre diameter measurement, the amount of fibre blend often refers to the weight ratio. The 
fibre number ratio and weight ratio are two different terms and they are not equal when the blend lots 
do not have the same specifications. A linear model is normally used to estimate an approximate value 
for a blend by weighting each component by the mass percentage that is presented in the mixture. For 

example, the MFD of a two-component mixture is 
21

2211
PP

dPdPMFD
+
+

= , where d1 and P1 are the 

diameter and weight of the first component, and d2 and P2 are the diameter and weight of the second 
component. More precise equations have been developed to calculate the mean fibre diameter and 
population variance of fibre diameter for a blend of wool from values of the blend components [26, 
36]. These equations are derived for wool whose diameter and CVD are measured using airflow or 
projection microscope method. In this paper we report a model for calculating the MFD and CVD in a 
blend from component values obtained from OFDA or SIROLAN-Laserscan. 
 
 
8.2  Model 
 
Assume there are n types of slivers and their weights (sliver counts) are Tex1, Tex2, …, Texn, mean 
fibre diameters (µm) are µ1, µ2, …, µn, and fibre diameter coefficients of variation (CVs) are CV1, 
CV2, …, CVn respectively. The fibre densities (g/cm3) in each sliver are δ1, δ2, …, δn. The following 
equations can be derived: 
 
The MFD (µ ) after blending is: 

∑
=

µ=µ
n

1i
iiC          (8.2) 

 
where the coefficient Ci is the fibre number ratio in the blend as expressed in Equation 8.3: 

∑
= δµ

µ

δ= n

1j j
2

j

j2
i

i

i

i Tex

Tex

C         (8.3) 

 
The CV value after the fibre blending ( DCV ) is: 
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Equations 8.2 and 8.4 are general models for calculating the blend from n fibre components. For 
alpaca (µ1, CV1) and wool (µ2, CV2) blending at a weight ratio of p:q, their overall MFD and CVD can 
be simplified (δalpaca = δwool) to Equations 8.5 and 8.6: 
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8.3  Evaluation 
 
Table 8.1 shows a set of data on MFD and CVD from goat hair and its individual components, 
cashmere down and guard hair. It can be seen that the results predicted from the developed model are 
slightly better than that predicted by the Fell & David model. The linear model gives very poor 
prediction. 
 

Table 8.1  Same source blend (weight ratio of cashmere to guard hair: 43/57) 
 µ CVD (%) 
Actual measured   
Cashmere down (µ1, CV1%) 18.5 28.0 
Guard hair (µ2, CV2%) 85.5 35.0 
Scoured cashmere hair (µ , DCV %) 25.7 81.8 
Prediction of µ  and DCV  for cashmere hair (down plus guard hair) 

Wang et al 22.4 80.4 

Fell & David 22.3 79.6 

Linear model 56.7 32.0 
 
Results in Table 8.2 shows that when the parameters of individual components in the blend are close, 
both our model and the Fell & David model can precisely predict/calculate the overall parameters of 
the blend. There is also no significant difference between the calculated results in this case. 
 

Table 8.2  Alpaca/Wool blends 
Actual measured Prediction 

Wool/Alpaca Wang et al Fell & David Sliver MFD 
(µm) 

CVD 
(%) p (%) q (%) MFD (µ) CVD (%) MFD (µ) CVD (%)

Wool A 25.4 22.1       
Alpaca A 26.3 27.1       
Blend 1 25.7 24.5 42.8 57.2 25.9 25.15 25.9 25.12 
Wool A 25.4 22.1       
Alpaca B 28.3 27.1       
Blend 2 26.9 25.7 46.3 53.7 26.8 25.53 26.8 25.50 
Wool B 18.5 22.2       
Alpaca C 24.5 28.6       
Blend 3 23.3 29.8 15 85 23.1 30.01 23.0 30.03 
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8.4  Applications 
 
8.4.1  Effective Fineness and Fibre Blend 
 
Figure 8.2 shows the effective fineness (Equation 8.1) of a blend from a 23µ (CVD = 25%) wool lot 
with an alpaca lot of varied MFDs (CVD = 35%) at different blend ratios. It can be seen that, the 
effective fineness of the alpaca/wool blend is in between the effective fineness of the individual 
components (Blend ratio=0 or 100). When the two components have the same effective fineness (i.e. 
20.8µ 35%CVD for alpaca fibre and 23µ 25%CVD for wool fibre), their blend is more likely to have 
the same effective fineness as individuals regardless of their blend ratios. This may be an easier way 
for quality control to blend fibre lots with the same effective fineness. However, in most cases, alpaca 
fibre is coarser than wool fibre in an alpaca/wool blend. Care must be taken to choose fibre properties 
for blending. 
 

 
Figure 8.2  Effect of blend ratio and alpaca MFD on the effective fineness of the alpaca/wool blend  
 
8.4.2  Yarn Count Estimation for Fibre Blends 
Another application of knowing the MFD and CVD in a blend is determining the minimum yarn count. 
Assuming a blend consisting of 25% wool fibre (17µ with 18%CVD or 21%CVD) and 75% alpaca 
fibre with different microns (ranging from 20µ to 30µ) and CVDs (ranging from 18% to 30%), if 50 is 
the required average number of fibres in the cross section of the blend yarn, the predicted yarn count 
can be illustrated in Figure 8.3. As the fibre diameter and/or CVD in the blend increases, the minimum 
yarn count increases. This estimation is important for yarn design and engineering, as well as quality 
control. 
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Figure 8.3  Estimated minimum yarn count if the yarn cross-section contains not less than 50 fibres 
  
 
8.5  Reference Table 
 
With the equations developed, the MFD and CV after alpaca and wool blending can be predicted. 
Using the predicted values the minimum yarn count that could be spun from the blended fibres can 
also be estimated. Table 8.3 shows examples of such predictions. This table created should serve as a 
useful guide for alpaca fibre processors in designing alpaca/wool blend yarns. 
 

Table 8.3  The minimum yarn count should be spun for the alpaca/wool blend. 
Ratio Wool Alpaca Blend Minimum number of fibres in a yarn 

p (%) q (%) MFD CVD  MFD CVD MFD CVD 40 45 50 55 
Wool Alpaca (µm) (%) (µm) (%) (µm) (%) Minimum TEX to be spun 

18 20 18 19.1 19.5 15.5 17.4 19.4 21.3 
18 20 23 19.1 23.1 15.7 17.7 19.7 21.6 
18 20 28 19.1 26.9 16.0 18.0 20.0 22.0 
18 25 20 21.6 26.9 20.7 23.3 25.9 28.4 
18 25 25 21.6 30.0 21.0 23.7 26.3 28.9 
18 25 30 21.6 33.4 21.4 24.1 26.8 29.5 
18 30 20 23.4 34.4 25.2 28.3 31.4 34.6 
18 30 25 23.4 36.9 25.6 28.8 32.0 35.1 
18 30 30 23.4 39.8 26.1 29.3 32.6 35.8 
21 20 18 19.1 20.2 15.5 17.5 19.4 21.4 
21 20 23 19.1 23.7 15.8 17.8 19.7 21.7 
21 20 28 19.1 27.5 16.1 18.1 20.1 22.1 
21 25 20 21.6 27.5 20.7 23.3 25.9 28.5 
21 25 25 21.6 30.5 21.1 23.7 26.4 29.0 
21 25 30 21.6 33.8 21.5 24.2 26.9 29.6 
21 30 20 23.4 34.9 25.2 28.4 31.5 34.7 
21 30 25 23.4 37.4 25.6 28.8 32.0 35.2 
21 30 30 23.4 40.2 26.1 29.4 32.7 35.9 
24 20 18 19.1 21.0 15.6 17.6 19.5 21.5 

25 75 17 

24 20 23 19.1 24.4 15.8 17.8 19.8 21.8 

Alpaca fibre MFD and CVD

Yarn count (Tex) 
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24 20 28 19.1 28.1 16.1 18.1 20.1 22.2 
24 25 20 21.6 28.1 20.8 23.4 26.0 28.6 
24 25 25 21.6 31.1 21.1 23.8 26.4 29.1 
24 25 30 21.6 34.3 21.6 24.3 27.0 29.6 
24 30 20 23.4 35.4 25.3 28.5 31.6 34.8 
24 30 25 23.4 37.9 25.7 28.9 32.1 35.4 

   

24 30 30 23.4 40.7 26.2 29.5 32.8 36.0 
18 20 18 18.3 19.8 14.3 16.0 17.8 19.6
18 20 23 18.3 22.2 14.4 16.2 18.0 19.8 
18 20 28 18.3 25.0 14.6 16.4 18.2 20.0 
18 25 20 19.5 27.2 16.9 19.0 21.1 23.2 
18 25 25 19.5 29.2 17.0 19.2 21.3 23.4 
18 25 30 19.5 31.6 17.3 19.4 21.6 23.7 
18 30 20 20.2 34.0 18.7 21.0 23.3 25.7 
18 30 25 20.2 35.7 18.9 21.2 23.6 25.9 
18 30 30 20.2 37.7 19.1 21.5 23.9 26.3 
21 20 18 18.3 21.2 14.3 16.1 17.9 19.7 
21 20 23 18.3 23.5 14.5 16.3 18.1 19.9 
21 20 28 18.3 26.1 14.7 16.5 18.3 20.2 
21 25 20 19.5 28.3 16.9 19.1 21.2 23.3 
21 25 25 19.5 30.3 17.1 19.3 21.4 23.6 
21 25 30 19.5 32.5 17.4 19.5 21.7 23.9 
21 30 20 20.2 34.9 18.8 21.1 23.5 25.8 
21 30 25 20.2 36.6 19.0 21.3 23.7 26.1 
21 30 30 20.2 38.6 19.2 21.6 24.0 26.4 
24 20 18 18.3 22.8 14.4 16.2 18.0 19.8 
24 20 23 18.3 24.9 14.6 16.4 18.2 20.0 
24 20 28 18.3 27.4 14.7 16.6 18.4 20.3 
24 25 20 19.5 29.5 17.1 19.2 21.3 23.5 
24 25 25 19.5 31.4 17.2 19.4 21.6 23.7 
24 25 30 19.5 33.6 17.5 19.6 21.8 24.0 
24 30 20 20.2 35.9 18.9 21.2 23.6 26.0 
24 30 25 20.2 37.6 19.1 21.5 23.9 26.2 

50 50 17 

24 30 30 20.2 39.5 19.3 21.7 24.2 26.6 
18 20 18 17.6 19.3 13.2 14.8 16.5 18.1
18 20 23 17.6 20.6 13.3 14.9 16.6 18.2 
18 20 28 17.6 22.1 13.3 15.0 16.7 18.3 
18 25 20 18.1 24.0 14.2 16.0 17.8 19.5 
18 25 25 18.1 25.2 14.3 16.1 17.9 19.6 
18 25 30 18.1 26.6 14.4 16.2 18.0 19.8 
18 30 20 18.3 28.3 14.8 16.7 18.5 20.4 
18 30 25 18.3 29.3 14.9 16.8 18.6 20.5 
18 30 30 18.3 30.5 15.0 16.9 18.7 20.6 
21 20 18 17.6 21.4 13.3 15.0 16.6 18.3 
21 20 23 17.6 22.6 13.4 15.0 16.7 18.4 
21 20 28 17.6 24.0 13.5 15.1 16.8 18.5 
21 25 20 18.1 25.8 14.3 16.1 17.9 19.7 
21 25 25 18.1 26.9 14.4 16.2 18.0 19.8 
21 25 30 18.1 28.2 14.5 16.3 18.1 19.9 
21 30 20 18.3 29.9 14.9 16.8 18.7 20.5 
21 30 25 18.3 30.8 15.0 16.9 18.8 20.7 
21 30 30 18.3 32.0 15.1 17.0 18.9 20.8 
24 20 18 17.6 23.7 13.4 15.1 16.8 18.5 
24 20 23 17.6 24.7 13.5 15.2 16.9 18.6 
24 20 28 17.6 26.0 13.6 15.3 17.0 18.7 
24 25 20 18.1 27.8 14.5 16.3 18.1 19.9 
24 25 25 18.1 28.8 14.5 16.4 18.2 20.0 

75 25 17 

24 25 30 18.1 30.0 14.6 16.5 18.3 20.1 
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24 30 20 18.3 31.6 15.1 17.0 18.9 20.7 
24 30 25 18.3 32.5 15.2 17.1 19.0 20.9 

   

24 30 30 18.3 33.6 15.3 17.2 19.1 21.0 

18 20 18 20.0 18.0 17.0 19.1 21.2 23.4
18 20 23 20.0 21.9 17.2 19.4 21.6 23.7 
18 20 28 20.0 25.9 17.6 19.8 22.0 24.1 
18 25 20 23.3 22.1 23.4 26.3 29.3 32.2 
18 25 25 23.3 25.7 23.8 26.8 29.7 32.7 
18 25 30 23.3 29.5 24.3 27.3 30.3 33.3 
18 30 20 25.7 27.7 29.3 33.0 36.6 40.3 
18 30 25 25.7 30.7 29.8 33.5 37.2 40.9 
18 30 30 25.7 34.0 30.4 34.1 37.9 41.7 
21 20 18 20.0 18.8 17.0 19.2 21.3 23.4 
21 20 23 20.0 22.5 17.3 19.5 21.6 23.8 
21 20 28 20.0 26.4 17.6 19.8 22.0 24.2 
21 25 20 23.3 22.8 23.5 26.4 29.3 32.3 
21 25 25 23.3 26.2 23.9 26.8 29.8 32.8 
21 25 30 23.3 30.0 24.3 27.4 30.4 33.4 
21 30 20 25.7 28.2 29.4 33.0 36.7 40.4 
21 30 25 25.7 31.2 29.9 33.6 37.3 41.0 
21 30 30 25.7 34.4 30.4 34.2 38.0 41.8 
24 20 18 20.0 19.7 17.1 19.2 21.4 23.5 
24 20 23 20.0 23.3 17.4 19.5 21.7 23.9 
24 20 28 20.0 27.1 17.7 19.9 22.1 24.3 
24 25 20 23.3 23.5 23.6 26.5 29.4 32.4 
24 25 25 23.3 26.9 23.9 26.9 29.9 32.9 
24 25 30 23.3 30.5 24.4 27.4 30.5 33.5 
24 30 20 25.7 28.8 29.5 33.2 36.8 40.5 
24 30 25 25.7 31.7 29.9 33.7 37.4 41.2 

25 75 20 

24 30 30 25.7 34.9 30.5 34.3 38.2 42.0 
18 20 18 20.0 18.0 17.0 19.1 21.2 23.4
18 20 23 20.0 20.7 17.2 19.3 21.5 23.6 
18 20 28 20.0 23.5 17.4 19.5 21.7 23.9 
18 25 20 22.0 22.1 20.8 23.4 26.0 28.6 
18 25 25 22.0 24.6 21.0 23.7 26.3 28.9 
18 25 30 22.0 27.3 21.3 24.0 26.6 29.3 
18 30 20 23.1 27.9 23.6 26.6 29.5 32.5 
18 30 25 23.1 29.9 23.9 26.9 29.8 32.8 
18 30 30 23.1 32.2 24.2 27.2 30.2 33.3 
21 20 18 20.0 19.6 17.1 19.2 21.4 23.5 
21 20 23 20.0 22.0 17.3 19.4 21.6 23.7 
21 20 28 20.0 24.7 17.5 19.7 21.8 24.0 
21 25 20 22.0 23.4 20.9 23.5 26.1 28.8 
21 25 25 22.0 25.7 21.1 23.8 26.4 29.1 
21 25 30 22.0 28.3 21.4 24.1 26.8 29.5 
21 30 20 23.1 28.9 23.8 26.7 29.7 32.7 
21 30 25 23.1 30.9 24.0 27.0 30.0 33.0 
21 30 30 23.1 33.1 24.3 27.4 30.4 33.4 
24 20 18 20.0 21.2 17.2 19.4 21.5 23.7 
24 20 23 20.0 23.5 17.4 19.5 21.7 23.9 
24 20 28 20.0 26.1 17.6 19.8 22.0 24.2 
24 25 20 22.0 24.8 21.1 23.7 26.3 28.9 
24 25 25 22.0 27.0 21.3 23.9 26.6 29.3 
24 25 30 22.0 29.5 21.6 24.3 26.9 29.6 
24 30 20 23.1 30.1 23.9 26.9 29.9 32.9 
24 30 25 23.1 32.0 24.2 27.2 30.2 33.2 

50 50 20 

24 30 30 23.1 34.2 24.5 27.5 30.6 33.7 
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18 20 18 20.0 18.0 17.0 19.1 21.2 23.4 
18 20 23 20.0 19.4 17.1 19.2 21.3 23.5 
18 20 28 20.0 21.0 17.2 19.3 21.5 23.6 
18 25 20 20.9 20.7 18.7 21.0 23.4 25.7 
18 25 25 20.9 22.0 18.8 21.2 23.5 25.9 
18 25 30 20.9 23.6 18.9 21.3 23.7 26.0 
18 30 20 21.3 24.5 19.8 22.2 24.7 27.2 
18 30 25 21.3 25.6 19.9 22.4 24.8 27.3 
18 30 30 21.3 27.0 20.0 22.5 25.0 27.5 
21 20 18 20.0 20.3 17.1 19.3 21.4 23.6 
21 20 23 20.0 21.5 17.2 19.4 21.5 23.7 
21 20 28 20.0 23.0 17.3 19.5 21.7 23.8 
21 25 20 20.9 22.7 18.9 21.2 23.6 25.9 
21 25 25 20.9 24.0 19.0 21.3 23.7 26.1 
21 25 30 20.9 25.4 19.1 21.5 23.9 26.3 
21 30 20 21.3 26.3 19.9 22.4 24.9 27.4 
21 30 25 21.3 27.3 20.0 22.6 25.1 27.6 
21 30 30 21.3 28.6 20.2 22.7 25.2 27.7 
24 20 18 20.0 22.6 17.3 19.5 21.6 23.8 
24 20 23 20.0 23.8 17.4 19.6 21.7 23.9 
24 20 28 20.0 25.1 17.5 19.7 21.9 24.1 
24 25 20 20.9 24.9 19.1 21.4 23.8 26.2 
24 25 25 20.9 26.0 19.2 21.5 23.9 26.3 
24 25 30 20.9 27.3 19.3 21.7 24.1 26.5 
24 30 20 21.3 28.2 20.1 22.6 25.2 27.7 
24 30 25 21.3 29.2 20.2 22.8 25.3 27.8 

75 25 20 

24 30 30 21.3 30.4 20.4 22.9 25.5 28.0 

18 20 18 20.6 19.0 18.1 20.4 22.6 24.9
18 20 23 20.6 22.7 18.4 20.7 23.0 25.3 
18 20 28 20.6 26.6 18.7 21.0 23.4 25.7 
18 25 20 24.4 19.9 25.5 28.7 31.9 35.1 
18 25 25 24.4 23.8 26.0 29.2 32.4 35.7 
18 25 30 24.4 27.8 26.5 29.8 33.1 36.4 
18 30 20 27.5 23.2 32.7 36.8 40.9 45.0 
18 30 25 27.5 26.6 33.2 37.4 41.6 45.7 
18 30 30 27.5 30.3 33.9 38.1 42.4 46.6 
21 20 18 20.6 19.7 18.1 20.4 22.7 25.0 
21 20 23 20.6 23.3 18.4 20.7 23.0 25.3 
21 20 28 20.6 27.1 18.8 21.1 23.4 25.8 
21 25 20 24.4 20.6 25.6 28.8 32.0 35.2 
21 25 25 24.4 24.4 26.0 29.3 32.5 35.8 
21 25 30 24.4 28.3 26.5 29.9 33.2 36.5 
21 30 20 27.5 23.8 32.8 36.9 41.0 45.1 
21 30 25 27.5 27.2 33.3 37.5 41.7 45.8 
21 30 30 27.5 30.8 34.0 38.2 42.5 46.7 
24 20 18 20.6 20.6 18.2 20.5 22.8 25.0 
24 20 23 20.6 24.0 18.5 20.8 23.1 25.4 
24 20 28 20.6 27.7 18.8 21.2 23.5 25.9 
24 25 20 24.4 21.4 25.7 28.9 32.1 35.3 
24 25 25 24.4 25.0 26.1 29.4 32.6 35.9 
24 25 30 24.4 28.9 26.6 29.9 33.3 36.6 
24 30 20 27.5 24.5 32.9 37.0 41.1 45.3 
24 30 25 27.5 27.8 33.4 37.6 41.8 46.0 

25 75 23 

24 30 30 27.5 31.3 34.1 38.4 42.6 46.9 
18 20 18 21.3 19.3 19.4 21.8 24.2 26.650 50 23 
18 20 23 21.3 21.8 19.5 22.0 24.4 26.9 
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18 20 28 21.3 24.6 19.8 22.3 24.7 27.2 
18 25 20 23.9 19.5 24.4 27.5 30.5 33.6 
18 25 25 23.9 22.2 24.7 27.8 30.9 34.0 
18 25 30 23.9 25.1 25.0 28.2 31.3 34.4 
18 30 20 25.6 23.3 28.4 32.0 35.5 39.1 
18 30 25 25.6 25.6 28.7 32.3 35.9 39.5 
18 30 30 25.6 28.2 29.1 32.7 36.4 40.0 
21 20 18 21.3 20.8 19.5 21.9 24.3 26.8 
21 20 23 21.3 23.2 19.7 22.1 24.6 27.0 
21 20 28 21.3 25.8 19.9 22.4 24.9 27.4 
21 25 20 23.9 20.9 24.6 27.6 30.7 33.8 
21 25 25 23.9 23.5 24.8 27.9 31.0 34.2 
21 25 30 23.9 26.2 25.2 28.3 31.5 34.6 
21 30 20 25.6 24.5 28.6 32.1 35.7 39.3 
21 30 25 25.6 26.8 28.9 32.5 36.1 39.7 
21 30 30 25.6 29.3 29.3 32.9 36.6 40.2 
24 20 18 21.3 22.4 19.6 22.0 24.5 26.9 
24 20 23 21.3 24.6 19.8 22.3 24.7 27.2 
24 20 28 21.3 27.1 20.0 22.5 25.0 27.5 
24 25 20 23.9 22.5 24.7 27.8 30.9 34.0 
24 25 25 23.9 24.9 25.0 28.1 31.2 34.4 
24 25 30 23.9 27.5 25.3 28.5 31.7 34.8 
24 30 20 25.6 25.9 28.8 32.4 35.9 39.5 
24 30 25 25.6 28.0 29.1 32.7 36.3 40.0 

   

24 30 30 25.6 30.4 29.4 33.1 36.8 40.5 
18 20 18 22.1 19.1 20.8 23.4 26.0 28.6
18 20 23 22.1 20.4 20.9 23.5 26.1 28.7 
18 20 28 22.1 21.9 21.0 23.7 26.3 28.9 
18 25 20 23.4 18.9 23.4 26.3 29.3 32.2 
18 25 25 23.4 20.3 23.5 26.5 29.4 32.4 
18 25 30 23.4 21.9 23.7 26.7 29.6 32.6 
18 30 20 24.1 21.5 25.1 28.2 31.4 34.5 
18 30 25 24.1 22.8 25.2 28.4 31.5 34.7 
18 30 30 24.1 24.3 25.4 28.6 31.8 34.9 
21 20 18 22.1 21.3 21.0 23.6 26.2 28.8 
21 20 23 22.1 22.5 21.1 23.7 26.3 29.0 
21 20 28 22.1 23.8 21.2 23.9 26.5 29.2 
21 25 20 23.4 21.1 23.6 26.6 29.5 32.5 
21 25 25 23.4 22.4 23.7 26.7 29.7 32.6 
21 25 30 23.4 23.9 23.9 26.9 29.9 32.9 
21 30 20 24.1 23.5 25.3 28.5 31.6 34.8 
21 30 25 24.1 24.7 25.5 28.6 31.8 35.0 
21 30 30 24.1 26.0 25.6 28.8 32.0 35.2 
24 20 18 22.1 23.5 21.2 23.8 26.5 29.1 
24 20 23 22.1 24.6 21.3 23.9 26.6 29.3 
24 20 28 22.1 25.9 21.4 24.1 26.8 29.4 
24 25 20 23.4 23.3 23.8 26.8 29.8 32.8 
24 25 25 23.4 24.5 24.0 27.0 30.0 33.0 
24 25 30 23.4 25.9 24.1 27.1 30.2 33.2 
24 30 20 24.1 25.6 25.6 28.8 32.0 35.1 
24 30 25 24.1 26.6 25.7 28.9 32.1 35.3 

75 25 23 

24 30 30 24.1 27.9 25.9 29.1 32.3 35.6 
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8.6  Conclusion 
 
A model for computing the MFD and CVD in a mixture of multiple fibre components has been 
developed. Validation results show that this model can accurately calculate the MFD and CVD of a 
blend from the parameters of the individual components. The developed model has a wide range of 
applications, including determining the minimum yarn count or number of fibres in a blend yarn cross-
section, and choosing the right blend ratio and fibre properties for a blend. Examples of alpaca/wool 
blends are given to demonstrate such applications. This model applies to fibres whose MFD and CVD 
can be measured by OFDA and Laserscan. A reference table is created for alpaca/wool blend. 
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Case Study I 
Dehairing Alpaca Fibre 
 
C1.1  Introduction 
 
The issue of dehairing alpaca fibre has been raised by the Alpaca Co-op and supported by fibre 
dehairer. The motivation behind this was to add value to the fibre by removing coarse fibre content in 
the alpaca clips. There is a big price margin between the micron classing lines as shown in Table C1.1. 
If the dehaired fibres were finer and fell into a finer micron class, value will be added to the clip. In 
addition, the dehaired fibres would produce yarns of better quality compared to yarns from undehaired 
ones. It was therefore proposed to build an alpaca fibre dehairing machine to achieve this goal. A 
theoretical analysis and dehairing trial were conducted to investigate the feasibility of alpaca fibre 
dehairing. 
 

Table C1.1  Reference price of alpaca fibres from different diameter classing lines 
Classing Baby Fine Medium Strong Extra strong 

MFD (µm) ≤20 20.1-25 25.1-30 >30.1 - Previous 
Reference Price ($) 45 25 15 5 - 
MFD (µm) ≤20 20.1-23 23.1-27 27.1-32 >32 Current 
Reference Price ($) 45 25 18 5 1 

 
 
C1.2  Dehairing Machine and Material 
 
A modular type of dehairing machine, which was built for cashmere dehairing, was used to dehair 
alpaca fibre. The output rate for cashmere dehairing was 2-2.25 kg/hour. A bale of medium alpaca 
fibre, classed using the previous classing practice, was used for the dehairing trial. 
 
 
C1.3  Results and Discussion 
 
C1.3.1  Theoretical Analysis 
Figure C1.1 shows the fibre diameter distribution of the alpaca fibre lot. Its fibre diameter distributes 
over a wide range, from less than 10µm to over 50µm. The mean fibre diameter (MFD) of the fibre lot 
is 26.6µm. It is in the medium diameter classing line regardless of the current and previous classing 
regimes used. 
 
Assuming that the dehairing process is perfect, fibres can be ideally separated into hair and fine fibre 
at a certain micron. If the coarse fibres, such as fibres with a fibre diameter thicker than 31µm, were 
completely removed through the dehairing process, the coarse fibre would take about 23% of the fibre 
counts in Figure C1.1, or approximately 32% of the total fibre weight. The MFD of the removed 
coarse fibre is 36.6µm. It is classed as strong with the previous classing regime (5$/kg) or extra strong 
with the current classing regime (1$/kg). Assuming that all fibres less than 31µ became dehaired fibre, 
the MFD of the dehaired fibre would be 23.5µm. The fibre should be classed as fine fibre with the 
previous classing regime ($25/kg) or medium with the current classing regime ($18/kg). Assuming 
there is no fibre weight lost during dehairing process, the total fibre value after dehairing 1 kg such 
fibre would be: 
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Previous classing regime: $25 x 77% + $5 x 23% = $20.4; Value adding = $5.4. 
Current classing regime: $18 x 77% + $1 x 23% = $14.09; Value adding = -$3.91. 
 
In other words, the fibre dehairer needs to spend less than $5.4 (labor, capital and operation cost) to 
dehair 1 kg medium fibre to make any profit, or put $3.91 extra on top of production cost to improve 
fibre quality with a class line. Such an operation seems to be not commercially viable to the industry. 
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Figure C1.1  Fibres diameter distribution of a medium alpaca fibre lot 
 
C1.3.2  Dehairing Results 
A preliminary alpaca dehairing trial was conducted. Figure C1.2 shows the diameter distributions of 
fibres at different positions of the dehairing machine. From this figure, it can be seen that only a small 
portion of coarse fibres have been removed during the dehairing process. There are still 58.3% of 
fibres whose diameters are less than 30µm in the dropped/removed fibres, indicating that the 
efficiency of alpaca dehairing process is very low. 
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Figure C1.2  Fibres diameter distribution of raw, dehaired and dropped alpaca fibres 
 
The results in Table C1.2 show that the dehairing process does remove some coarse fibres, leading to 
the dehaired fibres being 1.5 microns finer on average than the undehaired fibres. It is estimated that 
more than one third of the feed fibre is removed during this dehairing process. However, the dehaired 
fibres may end up in the same class as undehaired fibres, i.e. the dehairing would increase the cost of 
dehaired fibres. The possible benefits from dehairing may include the removal of some vegetable 
matters and the production of carded sliver directly from dehairing machine. The dehaired fibres have 
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also reduced MFD and fibre diameter variation compared with the undehaired alpaca fibres (Table 
C1.2), resulting in a better quality yarn than the undehaired alpaca fibres. 
 

Table C1.2  OFDA Results for Alpaca Dehairing 
Sample MFD (µm) CVD (%) %AE30 
Feed Fibre 26.6 27.9 27.5 
Dropped Fibre 29.3 33.5 41.7 
Dehaired Fibre 25.0 25.6 20.9 

 
It was observed that dehairing alpaca fibre using a cashmere dehairing machine caused fibre lapping 
problems and substantial fibre breakage. In addition, dehairing 1kg of cashmere will add about $25 to 
the clips. It is unlikely that dehairing alpaca fibres would add such a high value to the dehaired fibres. 
 
C1.3.3  Cashmere Dehairing 
To clarify the difference between cashmere dehairing and alpaca dehairing, Figure C1.3 shows the 
distributions of cashmere fibres and guard hairs. It is obvious that the guard hairs are much coarser 
than the cashmere fibres. In addition, the guard hairs are also stiffer than the cashmere. They therefore 
can be easily separated/dehaired. 
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Figure C1.3  Fibres diameter distributions of cashmere fibre and guard hair 
 
 
C1.4  Conclusion 
 
Dehairing alpaca fibre may improve the quality of dehaired alpaca fibre and possibly reclass the 
dehaired fibre into a finer class line. However, the analysis and preliminary trial results reported in 
this case study suggest that it is unlikely to be a profitable exercise for alpaca fibres. Further work in 
this area is not recommended. 
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Case Study 2 
Quality Assessment of Suri and Suri/Silk 
Tops 
 
C2.1  Purposes 

 Provide benchmark data for Australian suri fibre processing and quality control. 
 Gain knowledge of suri/silk fibre processing. 

 
 
C2.2  Samples 
To understand the fibre properties in suri tops and quality of the tops, six suri tops and one suri/silk 
top were provided by Australian Alpaca Co-op. For comparison purposes, some properties of wool 
tops and wool and alpaca fibres were also assessed. 
 
 
C2.3  Fibre properties 
Results in Table C2.1 show that all fibres in the suri tops have very low fibre curvature, indicating that 
the suri slivers should be weak and easy to break. CV% and %AE30 values are very high, resulting in 
higher spinning fineness values than their MFDs (Mean Fibre Diameters). The large CV% and %AE30 
values may be due to the poor fibre micron classing practice, which mixes all fleeces of the same 
colour together. 
 

Table C2.1  Fibre test results for suri and suri/silk tops. 
Top MFD (µ) CVD (%) %AE30 SPNfine (µ) CUR (°/mm) 
Peru F Suri 27.53 32.97 33.07 30.1 24.53 
Peru BR Suri 28.24 34.45 36.65 31.4 19.65 
Peru W Suri 27.19 34.26 31.86 30.1 23.68 
Peru BLK Suri 29.59 32.37 42.80 32.1 21.30 
UK W Suri 27.39 34.24 33.12 30.4 22.34 
NZ W Suri 26.93 29.87 30.23 28.5 19.83 
Suri/Silk 22.03 27.64 10.21 22.81 21.36 

Reference: Australian grown fibres classed before November 2001 
Huacaya 27.91 28.14 34.98 35.46 29.0 
Suri 27.72 27.83 31.33 24.93 28.7 

 
 
Blending of silk with suri has improved the fibre diameter characteristics although the blend has a 
broad micron variation as shown in Figure C2.1. 
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Figure C2.1  A: Fibre diameter diagram of the suri/silk top; B: Snippets of suri/silk blend, showing a 
broad range of microns and a low curvature profile. 
 
The suri/silk top has very low fibre curvature (Table C2.1), which results from low crimp suri fibre 
and non-crimp silk staple, as shown in Figure C2.1B. Figure C2.2 further illustrates the curvature 
diagram of the suri/silk blend. It can be seen that, in majority, the blend has a curvature less than 
20°/mm. This would lead to very weak and easy to break suri/silk slivers. 
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Figure C2.2  Fibre curvature diagram of the suri/silk top 
 
Results in Table C2.2 show that suri top samples from NZ and UK have longer Hauteur and lower 
length variation compared to the suri tops from Peru. 
 
Table C2.2  Fibre length properties of suri and suri/silk tops (measured with a Fibre Length Diagram 

Machine). 
Suri Top Hauteur (mm) CVH (%) Barbe (mm) Longest fibre (mm) 

NZ NZ W Suri 88 44.24 106 231 
UK W Suri 91 40.95 106 300 
Peru BLK Suri 73 54.82 95 222 
Peru F Suri 75 45.82 91 226 
Peru BR Suri 75 42.45 89 208 
Suri/Silk 77 50.96 97 252 
 
The suri/silk top has a Hauteur length of only 77mm and a very high length variation (Table C2.2). As 
shown in the fibre length diagram (Figure C2.3), up to 20% of fibres are less than 40mm and more 
than 20% of fibres are longer than 100mm. 

B
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Figure C2.3  Fibre Length Diagram of the Suri/Silk Top 
 
 
C2.4  Surface morphology of suri fibres 
Suri fibre produced in different countries may have different fibre scale profiles, as shown in Figure 
C2.4. 
  
The scale profiles (such as the shape of fibre scales) may not be a unique characteristic to identify suri 
fibres. However, it is common that their scale frequency is more than 8 scale edges per 100µm, as 
shown in Table C2.3. Since fibre surface properties affect the fibre handle and its processing 
performance, it is worthwhile to explore the fibre processibility on Australian suri fibre types in the 
future. 
 

Table C2.3  Scale frequency of suri fibres 
Suri samples Scale edges/100µm 

UK White (27.4µ) 8.0 
NZ White (26.9µ) 9.3 
Peru Fawn (28.2µ) 9.6 
Peru White (27.2µ) 10.3 
Aus White (28µ) 9.3 
Aus Fawn (24.8µ) 8.9 
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Figure C2.4  SEM photographs of suri fibres 
 
 
C2.5  Sliver Cohesion Force 
The sliver cohesion force is very important for sliver transfer. During sliver feeding and delivery, a 
sliver of low cohesion force may lead to sliver breakage or uncontrolled drafting, which causes 
unevenness of slivers and yarns in subsequent processing. The sliver cohesion force can be expressed 
by the sliver breaking length as shown in Equation C2.1. 
 

(g/m)ght Sliver wei
(g)strength  breakingSliver   (m)length  Breaking =      (C2.1) 

 

26 µm Peruvian Fawn 

15 µm UK White 25 µm NZ White 

20 µm Australian Suri 
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The breaking strength of suri sliver was measured using the Lloyd material testing instrument at a 
gauge length of 50 cm and a jaw separation speed of 500 mm/min. Results of sliver weight and 
breaking length are summarised in Table C2.4. 
 

Table C2.4  Cohesion properties of suri and suri/silk slivers 

Top Weight (g/m) Breaking length 
(m) 

NZ 10.8 2.7 
UK 26.3 0.9 
Peru Black 21.8 2.5 
Peru Fawn 25.0 1.2 
Peru Brown 29.5 0.7 

Suri 

Peru White 24.2 9.7 
Suri/Silk Blend 34.9 1.7 

Alpaca/Wool 30/70 blend 18.0 4.5 
Wool 23µ 17.7 4.7 

 
It can be seen that both suri and suri/silk tops are very weak compared to the wool and alpaca/wool 
slivers with the exception of Peruvian white sliver, which has been heavily felted. The reason of the 
sliver felting might be due to sliver wet processing. 
 
Since the breaking length of suri slivers is generally small (Table C2.4), it might not be possible for 
some of them to be produced from the latest fibre processing equipment (eg card, comb and gillbox) 
without any machine modification. It was observed that some suri slivers might have been condensed. 
It is more likely that they may have gone through false twist processes for better sliver cohesion. Since 
the suri slivers may not be able to withstand high tension or speed acceleration during feeding and 
delivery, a low production rate is expected for the suri fibre processing. 
 
Unlike the bulky appearance of a wool top, the suri and suri/silk blend tops are thin and condensed 
because of the low fibre curvature in the slivers. 
 
 
C2.6  Conclusion 
 
Suri and suri/silk tops were analysed in this case study. The qualities of suri tops from 
different origins were compared. All suri tops are manufactured from the strong micron line 
(approximately 28µm). Most of the tops are very weak, suggesting that suri fibres are difficult 
to process. The Hauteur of suri/silk top is about 78mm and the mean fibre diameter in the top 
is about 22µm. The top contains very long fibres and a very low percentage of fine silk 
component. All slivers have a very pleasant handle, especially suri/silk sliver. 
 
The surface morphology of suri fibres from different origins varies. Scale profiles (such as the shape 
of fibre scales) may not be a unique characteristic to identify suri fibres. It is common that their scale 
frequency is more than 8 scale edges per 100µm. Such fibre surface contributes to a nice fibre handle 
but affects the fibre processing performance, suri fibre processing trials may be conducted in the future 
to verify this. 
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Attachment 
Photos of Yarns and Fabrics from the 
Project 
 
 
 

 
DarkBrown-Alpaca/Wool (Top) and Brown-Alpaca/Wool Fancy Blend Yarns (Bottom) 
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Dark Brown Alpaca Yarn (Bottom), Bleached Yarn (Middle) and Dyed Yarn (Top) 
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Knitted Fabric with Sirofil Yarn (Cover Factor 1.32) 
 

 
Knitted Fabric with Sirofil Yarn (Cover Factor 1. 24) 
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Knitted Fabric with Sirofil Yarn (Cover Factor 1.17) 
 

 
A Pare of Socks knitted with Sirofil Yarns (The Base of the Socks is Nylon) 
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Alpaca/Wool (50/50) Blend Yarn and a Sock Knitted with the Yarn (The Base of the Sock is Nylon) 
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Alpaca/Low-Crimp-Wool Blend Yarns and a Knitted Vest from the Yarns 
 

 
A Vest Knitted with Alpaca/High-Crimp-Wool Blend Yarns 
 
 


