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ABSTRACT

In leather finishing, altemative technologies such
as infrared radiation can provide fast and efficient

heat transfer for drying water-based mms

compared to conventional cmwec.hon prmes&.ex

In this investigation, an infrared dryer was

designed and parameters such as heater distance to
substrate, number and spacing of heaters, and
leather transport speed were evaluated by using
response  surface  methodology. From an

wpeximemdl array, it was found that 'heatetj

spacing is not statistically significant. However,
other variables can be manipulated to improve
overall dryer pertmmame A statistical model
predicting the film drying in the infrared dryer was
derived which can be used to choose suitable
operating conditions for a pamcuhr finishing
formulation. Furthermore, if the equipment is
properly tuned, [R radiation can reduce both dryer
length and residence time of the substrate dxumL
the drying process.

ABSTRACTO

En el acabado del cuero tecnologias alternativas,
tales como radiacion infrarroja,  pueden
suministrar mas eficiente y rdpida transferencia de
calor para secar capas acuosas €n comparacion
con procesos convencionales convectivos. En esta
investigacion, un secador infrarrojo fue disefiado y
los pardmetros tal como la distancia al substrato.
nuimero y separacién entre calentadores, velocidad
de transporte del cuero fueron evaluados por
medio de la metodologia de respuesta superficial.

Por medio de un conjunto experimenial, se

encontrd que a sepamcmn entre calentadores no
juega significancia estadistica . Sin embar: o0, otras
variables pueden  ser mampu!adas para
incrementar el rendimiento general del secadero.

. Un modelo estadistico que predice el secado de la
pelicula en el secador infrarrojo fue derivado con
el cual se puede seleccionar las condiciones de
operacién aptas para. dl},und formulacion
especifica de acabado. Mas aun, si el equipo se
encuentra aprapmdamnnte sincronizado. la
radiacién infrarroja permite reducir tanto la
longitud del secadero como el tiempo de residencia
del substrato durante el proceso de secado.

INTRODUCTION

Leather is finished to improve its characteristics of
aesthetics and protection, Leather finishing formulations
are based on different ingredients depending on desired
properties of the finish. For mample garment leather needs
abrasion and water protection, automotive leather must
fulfill high fog and heat resistance standards, and shoe
upper leather is ruqmred to withstand a standard number of
Bally flexes (DIN 53340), as well as attain specific friction
(DIN 53273) and adhesion (DIN 353339) values. As a
consequence, finishing formulas are designed to meet the
desired properties of the leather article being produced.

Three main techniques are commonly used to finish leather.

The first one is  named "curtain coating”. where a curtain
of coating is formed and applied to the leather by gravity.
The second one is "roller coating”. where the leather is in
contact with a roller impregnated with finishing liquid. The
third one is “spray coating” and is performed by utitizing
spray guns that apply the ﬁl’llbh by atomization, Since all
three processes utilize totally different machines, each one
requires different formulation properties.' The spray coating
application requires a low viscosity fluid to facilitate flow
through the nozzle. In the roll coating process, viscosity
must be controlled to prevent the formulation from sagging
on the roll? The curtain coating technique requires a
specific balance between surface tension and viscosity to
avoid bubble formation and facilitate adequate penetration
of the formulation into the leather since this coating method
is primarily used in leather impregnation.’
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YING IN LEATHER FINISHING
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key factors; ¢ mms of apphad film or film grammage (A),
transport speed (B). distance from all panels to substrate
(C). and number of panels in operation (D). The response
variables identified were evaporation percentage, shrinkage.
and exit temperature. In additions, noise variables such as
ambient temperature {(average 23°C) and relative humidity
(average 45 %) were measured.

The experimental infrared dryer is shown in Fig. |. The
front panel and lab roller machine used to apply the finish
are found on the left and the tunnel is at the right. Four LP
gas-fired infrared panels were installed along the tunnel of
4 m long and 70 em wide. According to the manufacturer,
the temperature at the surfaceoi’ﬂm infrared panel is ~ 982 °C,

The experimental ;Jrowdure wgs a5 lcwllowz, :
. Aren measurement via dxgxml image pmunbsmé

. Weighing of the leather sample.

. Application of the finish film via roller machine.

. Weighing immediately after application.

. Sample temperature meaunement at -the . entrance
of the tunnel.

. Drying in lhe infrared tunnel

. Sample mmperature measurement at the w«ut m thc
tanel,

u:—z:»ww—

<t o

TABLE I .
Expenmenml Array Used to Exp!ore the
Response Surface .

8. Weighing of the finish-dried ~leather sampl
immediately after exiting the tnnel.
9. Area measurement via digital image processing

The repeatability and reproducibility of the procedurces o
weighing the samples and measuring the area wen
considered in order to obtain reliable data (g Gauge R & F
study™™ was followed).

Samples of chrome tanned leather for an automotive
application were used that were identified as Black Dakou
by the supplier. The aqueous finishing tformulatior
(provided by Together for Leather) contained two acrylic
resing, black pigment, filler, and a viscosity modifier a
28%.0f solids:

Though several’ experimental arrays were experimente
with, the two ones that were key in optimizing drye
performance are presented in Tables | and V. It is importan
to mention that from the three initial experimental array:
carried out, it was found that the variable, heater spacing
was not significant so that it was not considered in the
experimental sets presented here. Tt was also discoverec
that the grams of formulation applied, or film grammage
was very important (although at the beginning it was nol
even considered in the experimental arrays); thus, it was
taken into dccount as an ‘additional main tdum

TABLE I

EXP: o tiAR AR e e O i Resultmg Data from the Eﬁperlmemal
. :‘% e "i - fj: . [1 o . Array in Tabie 1
3 w} , Loy =1 : el EXP % Ya Exit
4 el 1 sl 1 : Empordnon ' Shrmkage tcmp (°C)
5 =T . e 1 15976, 107 46.6
6 sl o sl bl o, 2 25580 e 2,84 77.6
7 -1 1 | = 3 57.56 ; 0.00 49.6
8 -1 1 ool e sl 4 9544 0.00 73.6
9 1 -1 -1 -1 205 85,68 0.00 42,6
10 1 -] ol 6 . 188.51 - 0.61 70.4
1" I . - -1 7 . 4639 000 43.2
12 ! 1 -1 1 8 7162 000 67.4
13 g -1 | -1 9 o 7280 029 52.2
14 1 - ! I 10 11603 L8 782
15 1 I 1 -1 11 3066 0.00 394
16 1 | T I 12 62,18 0.00 62.2
17 0 0 0 0 13 58.75 0.06 42
18 o ) a0 0 14 101,37 0.76 68
19 0 0 ey 15 2880 000 36.4
20 0 0 o0 16 4409 0.12 478
21 0 0 0 0 17 64.55 0.03 59.3
A= Film grammage (3.32, 6.14, 8. 18ar) 8 74.33 SR e d 59 .4
B=='}"mnsp0rt speed (4, 7.5, 11 m/min) 19 6477 024 56
= Panel-substrate distance (12, 17.5, 23 Lm) 20 58.62 SO pBR 37.6
“D Numbur of pdneh in operation (2, 3,4} 3L sgaa g 60.4
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optmuze the dlymg pmcess. Lht. mspcmss, amta{,p

methodology"'*"" was followed. This technigue!"*"" is
particularly useful where several input variables potentially
intluence some pet’fmmance measure or quality characteristic

of either a pmduct or process. A response surface model is

dewlopud [rom experiments instead of using a mechanistic
model  underlain on not fully understood process
mechanisms. Furthermore, ignoring the shrinkage, the
desirability function technique popularized by Derringer

and Suich' was used. The general approach is to first.

convert cach response v, into an mdwuiuai d&quabxlxt\f
function ¢, that varies (wu the range 0 < d, < 1. If the
response v, is at its 5etpmrk1, th :
is outside an cmcepmbic reg_.gon d; =
are-thenchosen to muwmze the U\Eémll de:s:mbtmy D= {ddy
dyd ) where there are m resp n%:;s : Tc: tdmh‘{ate the

statisticnl Lumivszs all levels are
statistics wde mode{ 1 ,,u lc:;w lw :

1. but if theteqpun% -
E The design variables

hw‘h l&w 1 In the' ﬁr&;t array (Tub

it nmy be noted that a
factorial set of 16 runs with 5 center points, i.c., 21 total runs
with 10 deg_,lees of f‘rendom m &stnmate thn r’mdcm eIror:

Rasm:rs ;wn Dmcussxom

The resulting data from the expcnmenml,‘ Tay shown in
Table 1 is found in Table IL. Ot the three output variables, the
most important is the evaporation pexcenta;at which ranges
from 28 percent to 255 percent (the target is. 100 percent).
This. wide range of evapomtxon observed is due to the
operating conditions: established in the experimental array.
The objective was to mxplm'c, different circumstances
{response surface) which are used to deduct an e\penmmmi
model. It is also observed that the higher the evaporation
percentage, the higher the shrinkage (negative values were
considered as zero shrinkage). Hence, it is strongly
advisable to avoid evaporating more than 100 percent of the
water ;spphe.d In tr_rms of tempemture lhe leather sample

Source . , Degreea of \@Iean Squane + F-ratio p-value
, L qimlm . Freedum : il : o

A: Film z,ramma‘..e 13720, 8 -~ 1 o :13{720‘,‘8 37.86 0.0000
B: Transport Speed 216007 1 216007 - 56.60 0.0000
C: Panel-substrate distance  3410.57 1 3410.57 o941 0.0098
D:# of burners 86073 1 8607.3 23.75 (.0004
AB ,“,3420 34 | 3420.84 9.44 0.0097
AD 154518 1 154518 4,26+ 00613
BC 130841 ol 130841 3.61 0.0817
BD - 130863 1 1308.63 3.61 (0.0817
Total ervor 434928 12 362.44
Total {cor) 5 60523.7 2

R-squared = 92 8139 percent e

R-squared (ddjuxtui fordif)y= 88,0232 pc.rcéni o

Standard Error of Est. = 19.0379 e i

Mezm &bsolute error = 1” 1061 i Z 5

JALCA; VOL: 101, 2006



INFRARED DRYING IN LEATHER FINISHING 109

‘ TABLE V
Experimental Array for Contrast versus
Convection Dryer

TABLE IV
Validation of Equation 1
Speed, Film  #Burners Eq. 1, Exp.
m/min grani- % Measure-
mage, gr ments, Yo
10.09 432 4 100 93.54
9.582 315 4 100 57.71
9.76 4.81 4 100 91.36
10.89 4.37 4 83 87.17
10.95 4.26 4 85 86.23
1100 4.17 4 83 8744
{1.08 4.01 4 85 _ 87.88
9.25 4.40 3 90 7545
9.22 4.45 3 90 82.55
9.62 431 3 85 74.50
DR
100
© g0
g
=
& 60
4 i e
% . ’ -e+~70 %
IE 40 R — . y e et o e i igg 0;: :,«
20 ~ , - ,
Entrance ~ Heater 1 Heater 2 Heater 3

EXP A B c2 - C3
{ -1 -] -1 -1
2 1 ] -1 -1
3 -1 -1 l -1
4 -1 l I -1
5 -1 -1 -1 ]
6 -1 ! -1 ]
7 -1 -1 ] 1
8 -1 1 I 1
9 1 -1 -1 -1
10 1 1 -1 -1
Ll 1 -1 ! -1
12 I 1 i -1
13 1 -1 -1 |
14 I 1 -1 I
15 1 -1 I |
16 1 ! 1 i
17 0 0 0 0
18 0 0 0 0
19 0 o 0 0
20 0 0 0 0
21 0 0 0 0

A= Film grammage (3.9073, 5.608, 9.19125 gr).
B = Transport speed (5.76. 9.6, 13.44 m/min)
C2 = Distance from pane! 2 2 to substrate (14,20,26 cm)

C3 = Distance from panel 3 to substrate (14,20,26 cm)
: :

wTtg_mrc:l Zl‘empemmm profile for several wapamtion pereeniages,
cools very rapidly so that the exit temperature. taken 30 ¢
after the fourth heater panel, is maintained within acceptable
values. From the higher values of temperature observed, one
auight suspect that the film may be overheated inside the
unnel.

The Pareto diagram of Fig, 2 illustrates the effect of the
main variables and the interactions for the experimental

array shown in Table 1. There are four main variables and

one interaction statistically significant ata 95 percent
confidence level. The R-squared statistic mdu.zxtes that the
maodet as fitted explains 92.81 percent of the var mbtllty in
the evaporation percentage, as presented in the Anova of
Table M. According to the Parcto diagram (Fig. 2), the
interactions AD, BC. BD are not statistically significant;
however. due fo the magnitude of each coefficient and their
effects on the mean absolute error of 12.11, they are taken

into account in Equation 1 (developed by using

least squares):

Y evaperdation = R6.39T ~ 2869764 ~ I6.TSSE - TR0 + 2320120 - (1 }
{4448 A8 =9, 76634 4D + 0073V ERC - 9,05896 00

This statistical model can be used to build nomograms as
depicted in Fig. 3. It has been calculated for 100 percent of
the water applied to be evaporated, and it works within the
abscissa values shown in the plot which permits to select the
adequate transport speed. Equation | can aiso be manipulated
to choose the suitable transport speed for a particular
percentage of water cvaporation; it works with any solids
percentage and, as a consequence, with any form of

~application: roller, curtain, or spray coating. Although we
worked with a black formulation, any other color may alter

the dryihg behavior of the infrared system.

To corroborate the reliability of the statistical model. new
runs in the drying tunnel were carried out (Table V). Three
different evaporation percentages were defined in Equation
1: 100, 90, and 85 percent. We found a very good
correlation between the model and the mpulmantai
observations, especially when 85 percent of evaporation is
defined. Inside the munnel and on the samples, temperature

profiles were also measured. The measurements confinmed

the suspicion since the wmpuamre after the heater 3 was
above 80°C for a 70 percent evaporation (Fig. 4). This
means that, in the runs of first experimental array (Tables 1

JALCA, VOL. 101, 2006
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esults of the

: '1,I|ﬁ;
EXP. , % Empamhon
: (exnenmental)
1 9378
2 4824
3 9244
4 4324
5 92,28
6 4295
7 88,75
3 40.02 , -
9 62220 5901
10 3075 © 2935
1 57.29 . 58971
12 3335 0 . 3110
13 6295 . 3959
14 31.36 3093
I3 5735 o 57.59
16 30.28 .29, 98 .
17 535320 = Y
I8 58520 o
20 ; 5_2‘93?

:,hrmwrn und deomauon ie.
natural waler of ithe Iwuw:r ‘msnpl

flexibilit

the

Y and srnooihm,sq

Levels nf the Oparatm Variables *Rﬁquwed
to Evaporatc the Spccxﬁed Amount of Watm‘
in the Film.

o f ‘/2; "or.ltmn

_ Factors ‘ %5 o
A: Film grammage 3 gu’ﬁ* S gl’iﬁ*
B: Transport speed 9m/min. - 9.6 mimin
Number of panels 3 B 4

in operation
Distance from panel

20 cm
to substrate :

l"‘q.,urc 5‘ - Nmmumm for ac‘mml p\.n.unt*u.w of eviiporation.

12 c\pmmc,mdl tests, the n'ne..xaumncmm showed an average
of 68 % of evaporation (standard deviation of 6 percent) and
an exit temperature around 53"(‘ at 18 m/min for a
fm*mul.nmn with the same gohds perm,n
in the infrared dryer (28 percer nt). Thus, in lhc tannery
vmmd the operating wndxtmm of the convecnon dryer did
nm .,u,hxeve 10(] percent evaporation.

ﬁc: the one used

Tofcumpf *ak'ob_l'ectl,vely‘bmh m,mredand convective dryers,

S ion Percent in Table VI i

Source Sum of Mean Square ~ F-Ratio p-Value

. Squares  Fi : . .- Sy
A: Grammage igo0.ls 1 180015 97.44 0.0000
B: Tun';pon BEE Hees L o Pt
Speed | 6054!29 Ly 6064.29 32805 0.0000
Towlsnol v Gidoee 184745 e 2
Total (Cor.) 8300 ?9 e

R-squared = 96 ’434 percent

R-squared (adjusted for d.f.) = 95.5804 percent' -

Standard Error of Est =4, 29819 o ‘

SJALCA,

Mean abiolute error = 2.91433%

VoL 2006



INFRARED DRYING IN LEATHER FINISHING 11

additional experiments were performed in the infrared dryer
to dry 70 percent of the water applied in the formulation.
Only three panels were used to avoid increasing the
temperature of the finish film above 80°C. Four factors
were considered: film grammage (A), transport speed {B),
and heater-substrate distance for the last two panels (C2,
(3). A distance of 20 em was maintained between the first

heater panet and the substrate while changing the position of

the other two heaters. Table V shows the experimental array,
and Table VI the resulting data with the corresponding
Anova in Table VII. Two main factors were found
statistically significant with an interaction between transport
speed and film grammage. A new statistical model was
developed (Equation 2) which can be used to predict the
deying of the aqueous film in the infrared dryer and obtain a
comparable productto.oiie from a convection.dryer.

% Evaporation = 55, !6‘3” < 10.3839A - 1947678 +490718AB - (2)

The nomogram in hg. 5 shows four curves, each one for a-

specific evaporation percentage. Being compared. the
length of the dryer can be reduced by using infrared
technology and, at the same time, reduce the residence time
of the substrate within the equipment. It this nwu;ugatzon
the infrared dryer was less than half of the leng,th ol the
convection dryer, the former achieving similar evaporating
efficiency with a lower residence time. For illustration
purposes, Table VII shows the operating conditions at
which the infrared tunnel should be operated in order to
zu,hm'e either 65 percent or 100 percent evaporation of the
water in th‘. I" lm, The tmnsporﬁ: qpeed m ulmmt he qame.

evapcor'mcm e!fiucncy

CONCLUSIONS

The response. surface methodology was used to conduct
experiments and optimize the performance of an infrared
dryer for leather finishing. A  statistical model was
devdopui that predmtq the operating conditions of the dryer
in terms of the main variubles that can be manipulated:
number of panels used, panel-substrate distance, transport
5peed,{ applied film grammage, and evapmatmn percentage.

Mathematical models can be used to build dnym&
nomograms to help the tanner to be more produmve in the
finishing process. The use of infrared radiation in deying the
leather finishing film can reduce dryer length and residence
{time which may lead to higher productivity in the tannery.
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