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Abstract: The application of sawdust waste as adsorptiveemia@tnto an aqueous system containing the teRilenge

16 reactive dye is studied. The main treatment s¢efpased on sorption followed by solid/liquid segtion by

sedimentation and filtration. All experiments aexrfprmed on a laboratory scale set-up in orderstaldish the optimal
operational parameters (e.g., sawdust quantity, qufption time, temperature) for high removal ééficies of textile
synthetic reactive dye - Orange 16. Variables conog the sawdust quantity (0.2-0.7 g per 25 mlb), (©.3-4), and
sorption time (12-150 min) are considered in oneappreciate the sorption efficiency. An empirinadel is proposed
by a central composite rotatable design of thideo(Z), considering these variables as independent Erjesvhile the

dye removal is chosen as optimization criteria %), The optimal values are in good agreement withexperimental
data (i.e. the data average deviation is lower #i%6).
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1. Introduction Among the physical-chemical processes in use for
removal of organic dissolved compounds are adsorpti

All industries discharge potential contaminantsointion exchange, reverse osmosis, chemical oxidation,
public sewerage systems or different emissars and the Precipitation, coagulation-floculation, extractiand gas
obligation to report to the local enironmental pation Stripping etc. [3-9]. In practice adsorption is ilied to the
agency and/or local authority of water managemawche accumulation of organic compounds at an interfapaid-
exceeding of the maximum admissible concentration &0lid or the dispersion away from interfaces dependn
hourly load. To avoid the pollution of water restes it is their relative strength of attraction for themseslhee for the
necessary the individual or combined industrialtesaater solvent (i.e. the use of activated carbon for #maval of
treatment with municipal wastewater. non-polar dissolved compounds).

The industrial wastewater treatment must be in  Also, many organic compounds are both hydrophobic
consence with the viable procedures of the prodncti @hd hydrophilic tending to become oriented at thase
water management: (i) minimization of water us®;tfie With hydrophobic portion at the interface and the
development of new processes and the optimization Bydrophylic portion remaining in solution. Theimittion is
existing or new ones with the aim of saving waterO produce wetted surfaces without being removed
materials and energy, and (iii) the reuse and fleayof themselves (i.e. detergents are the best knowrt@menon
wastewater [1, 2]. example of these compounds) [1, 2].

An industrial effluent treatment can be appliedint The removal of organic compounds by adsorption
descentralized treatment systems with or withouseeor ©Onto low-cost materials has recently become th¢estiof
central wastewater treatment. For a high wastewfar ~ considerable interest (i.e. a potentially simpledan
rate and a high COD concentration, an estimatiothef €conomic ‘end-of-pipe’ solution to the challenges by
treatment costs lets us know whether it is bettéreat it in  new legislation covering effluent discharges, egplgc
an end-of-pipe plant or in a decentralized effluesatment textile effluents) [10-18].
system. An important category of compounds into textile

The interest towards an entire production procegifluents is represented by the textile dyes. Nomer
respecting the requirements of environment prcﬂecm]ust research studies indicate that adsorbents whichaiton
direct all efforts to develop new production praswith high concentrations of cellulose irreversibly adstiasic
reduced consumption levels of water and raw mdsegii@. dyes through coulombic attraction and ion exchange
dry processes or others electrochemical, physicais)y Processes. Acid dyes are mostly adsorbed in a sibler

with reduced production of wastewater and to tred0Cess involving physical adsorption (combinatidrvan
efficiently the individual or final effluents [2]. der Waals attraction, hydrogen bonding and coulembi
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attraction that generates a negative surface chafrghe was worked with fractions having particle size e? Inm.
adsorbent in contact with water) [2, 5]. The major constituents of sawdust are cellulose,
The adsorption capacities of dyes onto non-bioklgic hemicelluloses and lignin; the humidity was of 9/8%i.e.
waste material, such as carbon, coal ash, fly mshlified chemical composition of conifer wood was of 49.9% C
coal ash depend on the surface charge of the astsoon  6.4% H, 43.0% O and 1.0% N), density of 1211 K§){m
contact with water. For carbon, the surface chavilebe and caloric power of 2035 kcal.Kg
neutral, the physical adsorption will predominated aa The pH of zero charge (pk), determined by method
high adsorption capacity for both acid and basiesdyill proposed by Nouri and Hageseresht, was of 4.64, 1
be achieved.
The principal criteria for choosing an adsorbent to
remove organic dyes are the cost effectivenesdahilay
and adsorptive properties. Taking these criterio in

consideration, many researchers have investigated Yhatch’ technique at room temperature (18°C): sawif
adsorptive properties of unconventional adsorbémtshe sawdust (0.20-0.71 g per 25 mL) were mixing withrab

removal of some organic pollutants from aqueous; aqueous solution containing 80 hi§ Orange 16

environment [10-19]. . reactive dye, in 100 mL Erlenmeyer flasks, under an
In this paper, all experiments were performed foir

e O 16 Ve dve b - ROI ntermittent agitation.
textile Orange reactive dye by sorption onto RoR The pH of solutions was adjusted to a desired value
wasted sawdust (i.e. tests using adsorbent quemntdf Lg)

2.2. Sorption experiments

The sorption experiments were performed using

; ) .3-4) by additi f HCI 1M soluti d it
0.20-0.72 g per 25 mL). Our previous studies wer; ) by addition o soltion and measgrine

indicated higher dye removals when were used sawd sH value with an HACH One Laboratory pH meter.
" S Aft tablished tion ti 12-150 minyt
quantities of 1-25-¢*, pH of 1-4, and a sorption time of 5- er an established sorption time ( minytes)

i _ ; . concentration of the reactive dye in supernatans wa
160 minutes [14], [16]. This study of sorption mbxig determined by absorbance measurement with a VIS

and optimization is an additionf_;ll one that wascp_anéd in Spectrophotometer, model SP 830 Plus, Metertech Inc
order to find some different optimal treatment dtinds. Version 1.06

The results of an other previous optimization sthgy
sorption onto wasted sawdust applied for Orange :IFSSerce
reactive dye indicate the possibility to improve sorption
efficiency extending the experimental data field tafo
selected variables (i.e. sorbent quality and pH) Tais

new _addmonal su_Jd_y was conS|der|ng these eXtend%v%ere,Co and C are the initial and final concentration
experimental variation fields keeping the sam

. - ! . ; ?re3|dual concentration) of Orange 16 reactive dye
experimental variation field only for sorption timghe . o L 1
. . . solution after a specificsorption time (mg.L).
same as into our previous studies [2]).

A central composite rotatable design Sftgpe was
applied for all experiments performed at laboratscale 2.3. Experimental modelling and design
set-up [20-31].

The sorption capacity of sawdust was evaluated by
ntage of dye removat)(

R = [(G-C)/Cy] 200 (%) @)

The principal variables that influence dye sorption
onto conifer sawdust are considered to be: quardfty

2. Experimental sawdust (Z g per 25 mL), pH (Z pH unit) and sorption
time (4%, min). As optimization criteria or response
2.1. Materials and reagents function were chosen the percentage of dye remayao)

[2].

All experiments were performed with the Orange 16 A mathematical model of a central composite
reactive dye (MW = 617.5%., = 495 nm; C.|. 17757) rotatable design with “n” variables is used andresped
used as commercial salt (Figure 1). Workihge solutions by following equation (2) [2], [20-31].

(24.7-197.6 mg/L) were prepared by appropriatetiditu

with bidistilled water of the stocktye solution (600 mg/L). Y= bt ¥ b X Y+ byxix )

It was used HCI 1M solution for pH adjustment. ] o
where Y represents the response function or optimization

Reactive OH o criteria; ;, %, %, %; are the coded variables of the system,
dye - Na03SOCH2-CH2-802ON = Nmec\/ andby, b, b, by are the model coefficients (i, j= 1, 2, 3).

Orange 16 NaOaS cHe The model coefficients are estimated using a least
square fitting of model (empirical model) obtainedthe

Figure 1. Chemical structure of textile Orange d#ctive dye design points (20 experimental points). The central

. composite rotatable design has the advantage of no
The sorbent for laboratory scale-up experiments wascessive experiments in comparison with the nunaer
the Romanian wasted material from the conifer woasbefficients to be determined (i.e. 20 experimeiis=2*
processing (i.e. conifer sawdust) dried in air, ai@bed. It factorial experiments, performed at the corneruife; that
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represents the experimental data aregr x3 axial TABLE 2.The matrix of experimental central composite rditga

experiments, carried out on the axes, at a distahce a;  desigri2®) applied for Orange 16 dye sorption
from the centre, calculated as to obtain rotabiltg=6

experiments at the centre of experiment field ideorto é\lx(;)'. Z; Z, Z3 X1 Xz X3 Y
allow calculation of an independent estimation ptire” 1 0.30 1 20 1 1 1 65.038
experimental error variance or reproducibility @aage) 2 0.60 1 40 1 -1 -1 71.956
[18-28]. 3 030 | 3 40 -1 1 -1 22.180
Tables 1 and 2 indicate the levels attributed tochea| 4 | 060] 3 40 1 1 1 23.530
independentz; variable (quantity of sawdust, pH and 5 030] 1 120 1 1 L 93.320
sorption time) that correspond to a basic valigeand a 6 060 1 120 1 = ! 90.444
L . -7 . 7 030] 3 120 -1 1 1 24.594
variation stepdZ,. Add_lng the_ variation stefm the_ basic ) 060 3 120 1 1 1 8.949
value the upper level is obtained, while the sudbitva of 9 | 0198 2 30 | -1.682 o0 0 29.294
the step valuéead to thdower level of variable. The coded|[ 10 | 0.702] 2 30 1682 0 0 48.353
value ofZ, denoted a¥; is calculated with relation (3): 11 | 045] 0.318] 80 0| -1.682 0 72.5p3
12 | 045] 3.682] 80 0 1.682 0 39.652
X @-Zoinzo @ [leslzfun ol ol i xus
| 15 | 045] 2 80 0 0 0 40.846
The coded values can have one of the following g T 025 2 30 0 0 0 21.770
value: 0, %1, #; (i.e. ¢;=+1.682 for acentral composite 17 045| 2 80 0 0 0 41.947
rotatable desigof 22 type). 18 | 045] 2 80 0 0 0 40945
The Fisher constant, the multiple correlatiom 19 | 045] 2 80 0 0 0 40.586
20 | 045 2 80 0 0 0 40.925

coefficient, or the Fisher test were calculated applied in
order to establish the correlation between the gt
variable (optimization criteria or response fungjioand
the three independent variables [20-31]. The deviabf
the calculated values with the proposed model

experimental data must be between +10% and -10% foPP

very good accordance. Y=40.897+3.058%.269%,+6.974%+0.887%2+7.001 %2
0.471%%+0.213%X,-0.854%X +-4.862%X 5 4)

The proposed model is presented below considering
all coefficients (Eq.4) or in the case of no coesadion
nQ’j‘lsignificance) of XiX; term (Eq.5) (Student test

a J
plication, Table 3).

3. Results and Discussion
The calculated value for the Fisher constank is

The real and coded basic values for the three exfudi21089.21 forY and the comparative value from statistical
independent variables of dye sorption were presemt® table isF, = 4.6 @=99, v1=n-1=19, 1,=k-1=2, wheren is
Table 1, together with their variation steps. Tlygieous the number of experiments arkl is the independent
dye solutions of 25 mL (80 mig" dye) were treated with variable number). Becau$eF it can be considered that
different quantities of sawdust wastes at differgil the deviation of experimental values from the agera
values. After temperature stabilization and theusttijent value is not the result of experimental errors, gt
of pH there were performed sorption experimentdetermined by the influence of independent varmlda
according with the designing matrix presented ibl&£. response function.

The room temperature was of°@8and all samples were The correlation coefficient is &yx1x2x3= 0.9167, and
initially agitated for few minutes (50 rpm). demonstrates that all independent variables areritaupt

The matrix of this experimental design is synttalic for the variation of dependent variable (optimiaati
presented into Table 2. criteria) into the studied experimental field.

The equation of the proposed model is expressed by The calculated Fisher test value was found toFag;
formulae considering that the coefficient calcaatiis = 28.071. In comparison with withry, = 6.59 from
made according to some specific formulae [2], [2D18ell  statistics for freedom degree Bf = n-k-1=16 and/, =k=3,
known into statistic and experimental design maaig!| it resulted that the calculated values are highan tthe

statistical value. This fact demonstrates that the
TABLE 1.The codification of independent variables into cgint independent variables have a significant influennethe

composite rotatable desig@®) dependent variable.
' Real Coded Real basic | Variation - a 2 2
Vigﬁjb;e/ variable variable variable step g;‘;ﬁigj;g;f}g% '316:6%;5)-(974&*'0-887)(1 +7.001% (5)
(@) (X) (Zo) (4Z0) ' ' s 3
Sawdust
content, Z X1 0.45 0.15 The correlation between the experimental and
g per 25 mL calculated data with the proposed model is syruatlyi
H Z X 2 1.0 : :
e 2 ' illustrated into Table 4.
timeF,) min % X3 80 40
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TABLE 3.The results of Student test application The Figures 2, 3 and 4 show the dependence of the
_ dye removal Y) vs two variables (one variable kept at the

Model | Coefficient t i | Sign | basic value) (i.e. Y=Y(XX20), Y=Y(X1,0,Xs),
coeff. value
by 20897 | 012495 | 327308 2571 4 Y=Y(0.X1Xy)). _ _
by 3.058 24.4746 ¥ The increase of dye removal with the increase of
b, -20.269 162.213 ¥ adsorbent quantity can be found from variatiory afersus
bs 6.974 55.815 + X; (Fig. 5a). Thus, exists a minimum dye removal
Eﬂ (71331 576183())2 | (48.803%) forX,” = 1.723 (i.e. a local maximum point for a
bz a1 3573 m sawdust content of 0.708 g per 25 mL, pH= 2 apglid, =
by 0.213 1.704 —| 80 minutes).
bis -0.854 6.832 + The dependence of dye removal Xs (X; and X3
D23 -4.862 38.912 + encoding values are 0) indicates a minimum removal

(26.227 %) forX, = +1.448 (i.e. a minimum point for a
TABLE 4.The experimental and calculated values of responssawdust content of 0.45 g per 25 mL, pH= 3.448tandon
function (Y) into all experiments = 80 minutes) (Fig. 5b). Exist a local maximum fbe
highest value 0K, (extreme negative value).

No. Deviation
exp. X1 Xz X3 Y Y cate % T_he dependence o_f dye removal \Xg Xy and X,
1 1 1 1 65.038 52.835 | 18.763| encoding values are 0) indicates a maximum dye vamo
2 1 -1 -1 71.956 60.659 | 15.699| (66.713 %) forXz = +7.403 (e.g., a local maximum point
3 -1 1 -1 22.180922.021 | 0.717| for sorption time of 376 minutes, pH=2 and adsotben
4 1 1 1 23530 29.845 26'838 guantity of 0.45 g per 25 mL) (Fig. 5¢).
5 -1 -1 1 93.32( 78.215 | 16.186
8
6 1 -1 1 90.404 82.623 | 8.607 o I
- - 0.4 sm/gsm/—
7 1 1 1 24594 27.953 | | g jou R -
5 M!-W//
q - 0.0G mw/_,lw.w—’_" [ —
8 1 1 1 28.949 32.361 | 1, 7gs 03 am—e
9 -1.682 0 0 29.29438.263 | 34617 ond /:':im///j':wﬂ
lo 1682 O 0 4835348550 '0407 71'—61.00—0v80—0v6070.40—0.200,;;‘“;.20 0.40 0.60 0.80 1.00
11 0 -1.682 0 72.56394.796 | -30.40 (b)
12 0 1.682 0 39.66226.611 32.905 Figure 2. Variation o¥ function vs.X; andXy: () Yi=Y(X1,X2,0),
13 0 0 -1.682| 2555527.834 | -8.919 (b) Isoline
14 0 0 1.682| 49.74]151.295 | -3.124
15 0 0 0 40.846 40.897 | -0.125 08—y
16 0 0 0 41.770 40.897 | 2.090 °-6Ci,§*"°§%§'¥:§f“’
3 0.44 ""’\."-ﬂb . b,
17 0 0 0 41.967 40.897 | 2.549 O,ZCQEZ\Z"\\:W\:‘%
18 0 0 0 40.925 40.897 | 0.068 B e
19 0 0 0 40.586 40.897 | -0.766 ,o.2c§s._f:°°\\;:_:§§: “tay
20 0 0 0 40.92% 40.897 | 0.068 B e i
064 3"”"54\3’\}32,;‘%'% .
-0.84 ”*"“\""sj\'m N e

experimental values and calculated values existsrége @ (b)
deviation of calculated data with the proposed rhade ~ Figure 3. Variation ok function vs.X; andXs: () Y=Y (X1,0,Xs),
comparison with the experimental data is of -1.%@deing (b) Isoline
into admissible limits).

Analysis of the proposed moddlhe application of ool fssss 3 3
classical optimization method leads to the conolughat v/ /)] /&
the Y function hasa distinct maximunwhich corresponds oxd & & 5/5 £ &5 /

to X;* = +2.156, X,* = -1.608, andXs* = -0.897 oA/ [
(Y=90.319%). Transposed to real variables, thedaega M EssiE /*' g
correspond to the next optimal independent vargabée 2/ 4 o 5/! & S
sawdust content of 0.773 g per 25 mL, a pH of 0,390 a LIS VA
sorption time of 44.10 min. ’ (b)

The Y analysis leads to the conclusion that Xl Figure 4. Variation o¥ function vs. X;andXs: (a) Y2=Y(0,X2,Xs),
variables (sawdust content, pH, and sorption tihae an (b) Isoline
important influence on the textile dye removal,tfdmat is
also demonstrated by values of all coefficients mhigher
than the_z unit. The influence % var_iable is almost 6.628 relative high quantity of sawdust (in case of comebi
times higher than ok, and 2.906 times than of; for Y physico-mechanical steps for dye-containing efftuen

function, and its effect is contrary (the, decreasing treatment). Thus, it seems that high dye removallsbe
increases the dye removal).

In this paper, our researches were concentrated to
determine the optimal values when it is worked with
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obtained for relative high sorbent quantities (#e0.70 g
per 25 mL sample), low pH value (i.e. pH< 1.50) and
minimum sorption time of 45 minutes.

150
50
M*M
> 30 100
m >.“\“&
10
Py \W
3 2 1 0 1 2 3 9
XL 2 0 2 4
X2
(@) (b)
50

20

X3

(©
Figure 5. Dependence ¥fvs. each variable: (a) Y=Y 0,0);
(b) Y=Y(0,X2,0) and (c) Y=Y(0,0,%).

2. Zaharia C. and Suteu Bull.Instit.Politech.lasi,Tomul LIV (LVIII),
Fasc. 42009 103-114.

3. Grau P.Wat. Sci.Technql24,1991, 97-103.

4. Malik P.K. and Sanyal S.KSeparation and Purification Technolagy
doi:10.1016/S1383-5866(0)00212-2003.

5. Banat F.A., Al-Bashi B., Al-Asheh S. and Hayaji@®,Environmental
Pollution,107,200Q 391-398

6. Suteu D., Zaharia C., Bilba D., Muresan R., BopeA. and Muresan
A., Industria Textila 60(5),2009 254-263.

7. Suteu D., Bilba D. and Zaharia Glungarian Journal of Industrial
Chemistry Veszprém, 32002 7-11.

8. Surpateanu M. and Zaharia Environmental Engineering and
Management JournaB(4),2004 629-640.

9. Zaharia C., Diaconescu R. and Surpateanu Byvropean Central
Journal of Chemistry5(1),2007, 239-256.

10. Suteu D., Zaharia C., Bilba D. and SurpateantBMIl.'Transilvania’
University of BrasovlV, 2007, 691-696.

11. Suteu D., Bilba D., Zaharia C., and PopescuSaientific Study &
ResearchlX(3), 2008 293-302.

12. Suteu D. and Zaharia @uyll.Instit.Politech.lasi Tom LIV(LVIII),
No.3,2008 81-90.

13. Zaharia C., Suteu D., Muresan A., Muresan Rl Bopescu A.,
Environmental Engineering and Management Joyr8é6), 2009 1359-
1369.

14. Suteu D., Rusu G. and Zaharia @roceedings of the 13th
International Conference “Inventica 2009june 4-6" lasi-Romania,
2009 670-675.

15. Suteu D., Zaharia C., Muresan A., Muresan Rl Bopescu A.,
Environmental Engineering and Management Joyr8éb), 2009 1097-
1102

These representations permit to observe into th®. Suteu D. and Zaharia @ull.Instit.Politech.lasi,Tomul LIV (LVIII),

experimental admissible field the variation on iis®] and
the maximum point for high dye removal efficiendjere
were used the WinSurf and Excel graphical represiemnts.

4. Conclusions

Fasc. 42009 29-37.

17. Suteu D. and Zaharia ®roceeding of the International Conference
UNITECH'09, November 20-21, Gabrovo-Bulgary, Vol.I2009 528-
534.

18. Suteu D., Zaharia C. and Rusu Gefcetari agronomice in Moldoya
XLHI(1) (141), 2010 59-65.

19. Bousher A., Shen X. and Edyvean R.G\Mat.Res31(8),1997 2084-
2092

20. Macoveanu M. and Nicu V., Basis of Chemical hredogy.

The Orange 16 reactive dye removal from aqueodéethodology of Mathematical Modeling into the Cheali Industry.

environments bysorption onto wasted sawdust can be

applied with very good results.
An empirical model

Rotaprint Ed., 1asi1987.
21. Zaharia C., Surpateanu M. and Macoveanu Bdl|.Instit.Politech
lasi, Tom XLVII(LII), No.3-4, 2002 101-114.

is proposed by a centrab2. zaharia C., Ph.D. thesis, ‘Gh.Asachi’ Technicaiversity of lasi,

compositional rotatable design®2considering quantity of 2000

sawdust, pH and sorption time as independent Vasa

b 23. Zaharia C., Surpateanu M. and Macoveanu3tudia Universitatis

Babe-Bolyai, Chemia XLVI (1-2), 2001, 89-98.

while Orange 16 dye removal efficiency is chosen a8 zanharia C., Surpateanu M. and Macoveanu Bull.Instit.Politech.

optimization criteria (response function). The idist
optimum variables correspond to a sawdust contént
0.773 g per 25 mL, a pH of 0.392, a sorption tihd4 10
minutes for a maximum dye removal of 90.319 %.

The graphical representation permits the locatirati
of the optimal field and to find the best parametesing a
simulated agueous environment containing textilange

lasi, Tom XLVII(LII), No.1-2, 2002 103-114.

@p. Zaharia C., Surpateanu M. and Braunstein Hnn.
Univ‘Al.l.Cuza’, series Chemistry, X11(2R004 41-50.

26. Zaharia C. and Suteu nn.St.Univ.'All.Cuza’XIV(2), 2006 135-

146 .

27. Zaharia C., Diaconescu R. and Surpateanu MgceRdings of the
International Scientific Conference UNITECH'06, Nwwber 24-25,
Gabrov-Bulgaria, Vol.ll12006 353-358.

28. Zaharia C. and Diaconescu R., Proceedingstefriational Scientific

St.

16 reactive dye treated by sorption with a ‘low tt0S conference UNITECH07, Gabrovo-Bulgaria, Novemb@&22, Vol.ll,

sorbent (wastes of conifer sawdust). This optinmrat
study can also be considered as a preliminary egifoin of
a valorization procedure of natural wastes from
important economic sector — conifer wood processiimgo

2007, 265-266.

29. Zaharia C. and Suteu B3¢ientific Study & ResearchX(1), 2008 49-

. Zaharia C. and Suteu D., Proceedings of Intemma Scientific
Conference - Unitech’08, Gabrovo-Bulgaria, Novenmbk22, 2008, Vol.

the treatment of agqueous contaminated systemsnai filll, 2008 469-474.

aqueous effluent.

REFERENCES

1. Wiesmann U., Choi |.S., and Dombrowski E.M., @amentals of
Biological Wastewater Treatment. Wiley-VCH VerlagmBH&Co. KgaA,
Weinheim,2007.

28

31. Zaharia C. and Suteu D., Proceeding of therratmnal Scientific
Conference UNITECH'09, November 20-21, Gabrovo-Buyg Vol.lll,
2009 523- 527.

Received: 06 April 2011
Accepted: 26 May 2011

BUPT



