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An efficient system for drying Taraxacum kok-saghyz (TK)

roots, a source of natural rubber, requires knowing the rate

of moisture loss from the roots at various drying

temperatures. Drying studies on TK roots were conducted

and data analyzed for drying parameters on the thin layer

drying equation. Results showed that for v≈0, the drying

parameter f would be about 2/3 the value of f for v>0. Using

results on f and v>0 gave thin layer drying times of 87 h

(32oC), 48 h (43oC), 28 h (54oC), and 5 h (100oC). Results

can be used in analytical and/or finite difference deep bed

drying models to design efficient TK root driers.

Taraxacum kok-saghyz (TK) has been identified as an

alternative source of natural rubber. To recover this rubber,

TK roots must be harvested and dried before being

processed. To design a drying system for TK roots using

heated air, and operate it efficiently, it is critical to know the

rate of moisture loss from the roots at various drying

temperatures. No data on drying rates of TK roots has been

published. In this study, the thin layer drying parameters for

TK roots were investigated.

Drying theory. Models developed to analyze the drying of

particles in a single layer and/or in deep beds of particles3

typically start with the equation:

MR = 
(𝑀−𝑀𝑒)

𝑀𝑜−𝑀𝑒
= 

𝑖=1

𝑗
𝑑𝑖𝑒
−𝜆𝑖𝑡 (1)

where MR = moisture ratio; M = moisture of particle (db); 

Me = equilibrium M for particle at drying conditions; Mo = M 

at time 0; di = coefficient i; λi = drying constant i, hr-1; t = 

time (h); and j takes values from 1 to ∞. Note that  𝑖=1
𝑗
𝑑𝑖 = 

1.

M(t) = Me + (Mo-Me ) MR= Me + (Mo-Me) 
𝑖=1

𝑗
𝑑𝑖𝑒
−𝜆𝑖𝑡 (2)

If j=1, then d1 =1 and the solution becomes MR = 𝑒−𝜆1𝑡.
Evaluation of drying time for a given MR and λ1 gives:

t = -ln (MR)/ λ1 (3) 

Previous studies1,2,4 showed that values for d1 and λ1 are

dependent upon particle size, temperature, vapor pressure

of air at saturation (Ps), M, and air velocity (va), m/s past

particles. For j=1,

λ1 = f [Ps]
η va

ξ (4)

In many cases ξ approaches 0 for va > 0, so that

λ1 = f [Ps]
η (5)

Plotting MR as a function of t for a given drying temperature

(T) and Ps, and fitting an exponential regression equation,

allows one to solve for λ1
.

Drying studies were conducted on field grown TK plant

roots and data analyzed for drying parameters in the thin

layer drying equation,

MR = 
(𝑀−𝑀𝑒)

𝑀𝑜−𝑀𝑒
= 𝑒−𝑓

[𝑃𝑠]
𝜂

𝑡 (6)

Results of this study gave values for f = 0.057 ± 0.002 and

η = 0.95. Results showed that for v≈0, the drying parameter

f would be about 2/3 the value of f for v>0. Using results on

f and v>0 gave thin layer drying times of 87 h (32oC), 48 h

(43oC), 28 h (54oC), and 5 h (100oC). Results can be used

in analytical and/or finite difference deep-bed drying models

to design efficient TK root driers. Average root size used in

the study was 2.09± 0.43 g.
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MATERIALS AND METHODS

Using eq. 5, thin layer drying times were calculated for Mo

= 0.75 and M(t) < 0.09 for each drying temperature used

in this study. Results (fig 5) showed that if velocity ≈ 0,

drying times would increase by 1.5 to 1.6 times, illustrating

the importance of air flow >0 in drying TK roots.
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Fig 1. Prepared TK roots and tops

In November 2016, 360 TK plants were harvested

from an Ohio farm and randomly divided into 20

replicates. For each replicate, dirt was shaken off

and plants weighed. Tops were removed at the

base of the crown using pruning shears, with tops

and roots placed in wire baskets (fig 1) and

weighed. Tops and roots of 5 replicates were dried

at 32oC, 43oC, 54oC or 100oC with drying time and

weight recorded at intervals of 2± hours until a

constant weight was reached.

Fig 5. Thin layer drying time vs. temperature for air drying TK 

roots
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RESULTS

Table 1 summarizes the results of TK roots analyses used in the thin layer drying

model. Root weights ranged from 1.82 g to 2.32 g, with an average root size of

2.09±0.43 g. The average initial moisture on a wet basis (wb) for TK roots ranged from

74.08% to 74.59%. Estimates
Table 1. Summary of TK root parameters 

PARAMETER Unit N-32 N-43 N-54 N-100

Initial Root Weight g/root 2.17 2.32 2.04 1.82

Initial Moisture Content (wb) % 74.39 74.59 74.35 74.08

Equilibrium Moisture (Me) % 6.9 4.7 2.8 0.4

of TK root equilibrium

moisture, which were

obtained by taking the dry

roots and drying further at

100oC, ranged from 1.82% to

2.32%.

Values for λ1 increased

rapidly with increasing

temperature and v > 0 (fig

4a). However, for v= 0 (N-43)

the value for λ1 was 0.045 hr-

1 compared to an expected

value of 0.071 hr-1 for v >0.

The f values calculated from

the laboratory data are

presented in fig 4b. For the

case where v > 0,

f = 0.057± 0.002, the

estimated value for η

was 0.95.

Fig 2. Moisture content (wb) vs. drying time 

for TK roots at 320C, 430C, 540C, 1000C

Fig 3. Moisture ratio vs. drying time for TK roots at 320C, 430C, 540C, 1000C

Drying data for the roots as a function of time at each drying temperature showed a

steep decrease in moisture within the first 50 h, then a levelling off (fig 2). The moisture

(db) of TK roots was transformed to MR using the Me. Plotting MR vs. time and running

the exponential regression equation gave values for λ1 (fig 3).

Fig 4. Drying constants λ1 (a) and f (b) for TK roots at 320C, 430C, 540C, 1000C
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