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ABSTRACT In recent years, increasing interest has been concentrated in the treatment of organic
pollutants in wastewater or sewage by means of photocatalysis based on semiconductor nano–catalysts.
Photocatalysis is a very potential method for the complete destruction of contaminants and wide se-
lection of target polluted compounds. ZnO as a very efficient metal oxide semiconductor photocatalyst
has been studied extensively since found. Owing to its abundant availability, cost effectiveness, non-
toxicity, reusability, high photo–sensitivity and excellent chemical stability, wide band gap and large
excitation binding energy at room temperature, ZnO displays a promising application. Organic pollu-
tion in water can be significantly reduced when ZnO is used as photocatalyst and secondary pollution
could be avoided by the mineralization of inorganic ions, which is quite attractive in the field of en-
vironmental protection technology. In this work, the purpose was to use inexpensive lignosite from
low–priced resources of lignin as surfactant, template and nucleating promoter to prepare nanocrys-
talline ZnO to cut down the synthesis cost. Flower cluster–like nanometer ZnO photocatalysts doped
with different amounts of lignosite were prepared by liquid–phase precipitation. The prepared pure ZnO
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and lignosite–doped ZnO(ZnO–LS) samples were characterized by FT–IR, UV–Vis diffusion refraction
spectroscopy (UV–DRS), XRD, SEM/EDS and BET. The photocatalytic activity of the samples was
evaluated by the photodegradation of methyl orange under UV light irradiation. The results showed
that lignosite doping significantly altered the morphology of ZnO, improved zinc oxide surface state,
increased the specific surface area, made ZnO produce more hydroxyl on the surface, and was helpful
to obtain petal–like ZnO. On the other hand, the calcination temperatures influenced the crystallinity
and crystal size of the photocatalysts. The tests indicated that the sample calcined at 300 � had
good crystallinity and a small crystal size. At the optimal calcination temperature of 300� and when
LS–doping quality is 2 g, the petal ZnO composite photocatalysts had smaller band gap width and
much higher photocatalytic activity than the pure ZnO and those ZnO–LS (LS was other quality). The
high photocatalytic performance of ZnO doped with the lignosite could be attributed to an increase
in surface hydroxyl groups and high crystallinity. The obtained results show that the photocatalytic
efficiency of the optimal ZnO–LS was superior to commercially available TiO2 Degussa P–25 for the
photodegradation of methyl orange.
KEY WORDS nanometer zinc oxide, lignosite, photocatalysis, methyl orange`f�J�Nz	hpk'B, �Z�o�oOFVo���	&<(�Vumyl3. `f�)�5ry`}���, SC"`"�E – ���. `"��4mJ�), So H2O #f"PW�Gm�, 
gV�%J�gRK.B�$}o�	FV [1]. Jl, ℄�s_zf�), �k`f�J�FVo���	NzV/o+y��+�&!, ZPz	h���?Emy�� [2,3]. M: ZnO 41My`��s_5$, toM	y℄n	�

(3.37 eV), Mmy�EC>S (60 meV), ,tol�yA�[9���[9�`� f[9, V�<u�8ya%[9 [4], g`f�9S�E,&< TiO2 yf�FV+-
MH [5]. (q, ZnO )�P�~, �O79X*-w(�V�kyf�FV9S, ��z4 tfkleyH�9`f�).M: ZnO y)�&!u�, 0zi�!�U�!�Z�!}. g-, U�!q0z��?! [6]�J�! [7]��GUG! [8−10] oE�! [11] }. U�J�!MgWU�!og�7yl3: #f	�sw�, L�o���k��, �#f��Mu~. q�U�J�!)�M: ZnOgR-, mrM:��yH (<�.w���5 _kq, 
p'!kq4J�!)�M: ZnO U<&y[>9�℄�V. #fgR-, �#f_�-/�(<�9),�M: ZnO yly_\6�f��7F~g(<��,So+'!M: ZnO ly_kq. qJlu�(<�9)
(�r��OK�(,r��1�R�	}2J Mb, P� MH.H*K (9KHK) �r`�H0E�s	, 4	#tUy6MP0, HKyHs�kPz	#tUB}�+�y[> [12]. QPH*K6M0z7HKoHK�OB. HK�OD4HK�OByV/, 4	#QPy7C	,g
}2<, 2J~�,�kN�Uj:E) [13,14]�j�	Q) [15]�0�) [16]�H0ETaPm) [17]�H0E=E) [18] }.bgto`�v=TX, toG0E[9o

H (<�, toumy0�9, 	_0��E�U-4PH0EB�U. toMkyTs�1s$��S�, �L
�E(<�9).Nz,j	�kyH*Kto2�����_w}l�, s��kH*K�mmF~,IP�, `SzQS:XLV�. HK�OD���M:5$y)�'xyfkEm�~=�v.�QN℄HK�ODzCÆ)o(<�9), 7kU�J�!)� ZnOly_, T��)w�b=M: ZnO,,
g FT–IR, UV–DRS, XRD, SEM/EDS, BETo`f�,I}>"HK�ODyA� $T���� ZnOTX$`f�9Syh , zH*K�ODyB}�Hs��kz!"/yfkik.

1 Æ�hdB 0.01 mol ZnSO4·7H2O /�u%o 150 mL�^�)Ey�f�`-, I��V, ��;I��, B
8.0 mol/L NaOH �U5��� ZnSO4 �U-, :�V�" Zn(OH)2 J�, Q� NaOH y,;�/,

Zn(OH)2 J��VPz��g?�U, Zn(OH)2 s|:�z Zn(OH)2−4 , ��/�V� yHK�OD. �D��,;I� 30 min �, )� 70 �Ez-�+#f 5 h,��+gR-, �`�3�� ZnOJ�0���. BJ�	:Ag., k�En
Æ�, K�k{�EEÆ�%-9, ,k BaCl2 �U6I%� SO2−
4 , BwuyL^�x�-~�xE, �d0e��T�wu�b=M: ZnO.eLB~A�HK�OD\ ZnO Nd 300 �T�.7k Nicolet–470 2}q`bY:�L^y:�Q$�}q (FT–IR) `b, .k KBr A['B)L, 0%-z 4 cm−1. 7k UV–2450 2Dq – �=0``�*: Dq��=3#�`b (UV–DRS), ℄ BaSO4 L8�. 7k D8 Advance 2 X ��G�Y (XRD) 0�L^y�JP, �=$x 10◦—80◦, 4�}z CuKα(-



�1100 Y�>�<�� � 49 vE λ=0.154 nm), ℄�A 40 kV, ℄�+ 250 mA. k
S–4800 2�=�E�wi (SEM) \>L^yw\45$TX, L^y X ��Sb (EDS) m�i=? X ��SbY:7. L^y (<� (BET) N2 �=o=,I7k NOVA–2000e G� (<w���0�Y:7. 7k
VISTA–MPX�FUs}�E|E��`bY (ICP)�L^\6{K0�. `f�,I7k SGY–1 �RS`�?#fY, `}z 300 W HAUz, 6-E 365 nm.Y) 1 L 20 mg/L1�M�U, z 0.1 gdm�Z�y ZnO 9sf�)/�g-, G Z� 30 min .g�sw�, 'r`�?#fY-�`I��= 20 min iu	��=oo=_w, Q�jz`}\6`f�#f, #f*5 1 h, 7K 10 min zL 8—10 mL, �zLL^\6HL�00�, W{f�)��, k 7220 0``�*� 463 nm Z:��;rRy�`�, Mr�`�y$�uw1�MyFV-.

2 ~ri�"��
2.1 	�z�m
�nt��h 1 zHK�ODy[�TX0o SEM #. �=,

HK�OD4m�+rTXp{
g C—O >o C—C��N�Pyto�{�_TXyH0E, ho�/RS�k, 
-W��1J��P0W��Y��X��[
���O�}, 8ug��U-to�ky1sS�oH�0�9, �/[9�r ZnO yPm"Eto	�o
\Nk. _HK�ODyw\45{, ���k01M	, p�kMm, � 40—100 µm w501, 4t�=H0E�V*a_.

2.2 FT–IR k�h 2a z0eT����, A� z 2 g *HK�OD/ZnO(ZnO–LS) 9s	y}q`bh. mh�=, ~T� ZnO–LS � 3496 cm−1 =^o 1 L4
�93, T���93	�, 3m:Æ, ?3z ZnO (<y�?�=E4PyW�[��S��3. 3618 cm−1 �fy
��9nz Zn—OH yW��S���9, pQ�T���y#H, 3m:Æ, �%&&. ℄z Zn—OH((<W�) Q���y#H�""oW��#f, &.(<W�D :�. mr ESh+f$(<+fyHsh , .
Zn—O—H >y�DD�m, >ym��m, _�s&}qwy�9\-�#, }q�93m 3618 cm−1 ÆX%

� 1 GJÆNCxZ�SW/n SEM "
Fig.1 Schematic chemical structure (a) and SEM image (b) of lignosite
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3650 cm−1. ~��L^� 1071 o 565 cm−1 Zy�93�f�O�y[��9, T��L^�f�93Q�:Æ, �%&&, F?L^dT�Z��o{"�O�. 873o 715 cm−1 Oz CaCO3 y[��93, 0)�f&V) CaCO3 - CO2−

3 <q$4��o O—C—O y<P$4��, F?HK�ODy�O�o{�, Ca2+ :�z CaCO3. � 417 cm−1 =^Zy�93z ZnO y
Zn—O >[��93.h 2b z~A�\ ZnO, A�0e HK��Dy
ZnO–LS 9s	d 300 �T�Z�$~T�HK�ODy}q`bh. mh��, ZnO–LS 9s	dT��V�" CaCO3 y[��93, �f ZnO y45�"MmA$, ,�QoHK�ODyV,�k���, gDB�*�y��Z:�P CaCO3, %U)L^z CaCO3 W=
ZnO y�"9s	. HK�ODyA� �?��9s	yTXoV�h , 
HK�ODA� z 2 g (ZnO–

LS/2 g) yL^, g 3650 cm−1 �fy Zn—OH 
��9nmrHK�ODA� z 4 g(ZnO–LS/4 g) yL^, F? ZnO–LS/2 g hoO�y(<W�, o�r`f�#f.

2.3 '� – �|�g
q�Dq – �=3#�`b�℄#iZ_L^�0e-E`y�9s�. h 3 z ZnO o ZnO–LS_Dq`wxu)r 500 nm�=`w5y`�9. mh�=, � 400—

450 nm w5, ZnO–LS ��=`y f/mr ZnO, 2�� 200—390 nm Dq`-�$xPÆoMmy�9,�4mrL^�Dq`���, �E<�m2n$sn�
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� 3 ZnO n ZnO–LS xCp��<2"�_a
Fig.3 UV–DRS of ZnO and ZnO–LS calcined at 300� (In-

set is plot of (αhν)2 versus hν derived from the UV–

DRS for Fig.3) (α—optical absorption coefficient,

h—Planck’s constant, ν—frequency of the incident

photon; the absorption threshold λg is calculated

by extrapolating the straight line portion of the ab-

sorbance versus wavelength axis, and the band gap

Eg is calculated by extrapolating the straight line

portion of the (αhν)2 versus hν axis in the inset)

""�k. ZnO-LS yDq�9?�Hr\ ZnO yDq�9, �1OkyDq`f��9, �6M4mr`"�Eo��waJ�}��5C"g�H�Nk, �Eo����no��;o+�ly�}�U5�,4P�/5��E-0�5���-0ye*, C"/y�9U&.

ZnO yDq�9Q�w�E�sno2n5y�N�ko[, �℄Mr�-wyDq�9Drwug`?n� Eg. �h 3 -, F ZnO �Dqwy
n�9P!"L�9x�yo�, wv3�HwL^y`�9Q� λg, ��MrS0 Eg=1240/λg(eV), �℄PV ZnO o ZnO–

LS y`?n� E
[19]
g . mr ZnO 5$�r�Nn��s_, b℄�℄Mr (αhν)2=A(hν −Eg) 
0�C	y

Eg. g-, α z�9�D, h z Plank DD, ν z��`Ey\-, hν 4`ES , A zw5$o[yDD [19,20].
L^�9`b-yDr\6Z�,N (αhν)2 − hν y[�x� (h 3 -P<h), Bh-��30\6ql, �vO&yPu%z`?n� Eg
[21−23]. \ ZnO y Eg m

3.21 eV }X%A�L^ ZnO–LS y 3.14 eV, �/n�y?a�S4mHK�ODd�y�*s& ZnO L^ya_Sh�45�(<wTXy$�dh. A��Dq`-�y�9w\ ZnO � o?�\H.

2.4 XRD k�h 4a z~A�oA� 2 g HK�ODy ZnO �0e���T�Z��y XRD b. mh��, L^ (100),

(002) o (101) }a<yG�3w&?hbV&, (?C	z,&a��-
TXy ZnO. �,G�3324
,p�3	M
, (?L^touHyTa�. � ZnO–LSL^\60e��yT�Z�, g XRD b-V�"/yG�3, h- N U&�'z/V�yG�3, z CaCO3yG�3, F?dgT��H*K�O�
�EyV,�k$�O�o{, gDB:�z CaCO3, b℄wuy4
ZnO 9s	�04\ ZnO. [r CaCO3 y"P, �S
}r�OB0VC"y CaO w�ii.-y CO2 #f, �4m CaO :��
y Ca(OH)2 w CO2 NkyTe. Q�T���y#H, [�G�3m�5��m, (?Ta�52\H. e*, ~=o/yG�3V�, F?�T�gR-6oW CaCO3 ℄qy/y	�"P.h 4b z (101) a<y[�G�3yp3)mh. �℄{V, \ ZnO 344
, m�MH, A�HK�OD�,g3m�?�:Æ, 32$	, (?HK�ODyd�dh ZnO Ta* �F. _h 4b -
��, � 300 �T�y ZnO–LS(101)G�33�M 400 �T�y3��$)J&$X�, G�Jm 2θ=36.24◦ X�u" 2θ=36.21◦,Mr BraggG�S0, G�3$)J&$X�(?
lz$3yaJDD�m, l:�S4A�|EdhaJDD$�U&, N�S4g�z\9tf�dhaJ�$y#



�1102 Y�>�<�� � 49 vi. � 500o 400�T�y ZnO–LS(101)G�33�w
300 �T�y ZnO ��V&, F?QT���y#H3�?aw℄&W. m℄�℄l�, 300 �T�y ZnO–LS��r 300 �T�y ZnO y3�X�4mz\9tf�s&y, �* Ca2+ A�\� ZnO aJ [24]. �℄{V,Q�T���#H, G�3�v4
, (?��5�Em,a2"EO/s�.

2.5 SEM k�h 5 z0eL^y SEM #. mh 5a o b �=,~A�HK�ODy ZnO z[=q!, A�HK�ODy ZnO �akq_yTX$45�""MmA$, z�= ZnO q!�Py�b=TX, m�L)�9�ÆyM

:�JP, M:��k�z 200 nm, 
�44>4. mh
5do e ��, A$T���, ZnO �akq_y�b=456o�"my$�, q��Sho"V�$�. Q�T���y�/, ��ySh�/, �4NO/s�, �/�aShQT���#H��/yv3w XRD TeV&.h 5cU1y EDSTe(?, � 300�T�y ZnO–

LS -h� Ca, 6o�� S, F?�T�gR-HK�O��s|��.

2.6 BET k�h 6 z0eL^y (<�. �℄{V, A�HK�ODy ZnO  (<�?� \ ZnO Mm, �6M4bzHK�ODyV,�k���℄�*���, �/"L
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Fig.4 XRD spectra of ZnO–LS and ZnO calcined at different temperatures (a) and partial enlargement of diffraction

peak of (101) plane in Fig.3a (b) (N in Fig.4a show the new peaks after calcination)

0 2 4 6 8 10

(c)

O

Ca

Ca

Ca

Zn
Zn

 

 

In
te

ns
ity

, a
.u

.

Energy, eV

Zn

� 5 ZnO n ZnO–LS �/d��S�~x SEM "n EDS /

Fig.5 SEM images of ZnO and ZnO–LS calcined at different tempratures and EDS analysis

(a) ZnO at 300 �
(b) ZnO–LS at 300 �
(c) EDS analysis corresponding to area A in Fig.5b

(d) ZnO–LS at 400 �
(e) ZnO–LS at 500 �



� 9 
 t'{{ : FI
MBA
�S�qN�`; ZnO "e^d�7Q 1103�

0 1 2 3 4

10

20

30

100 200 300 400 500

 

 

Doping content of LS, g

 Temperature, oC

S
pe

ci
fic

 s
ur

fa
ce

 a
re

a,
 m

2 / g

 

 

� 6 /d��S�n/d LS ���x ZnO–LS x�';�
Fig.6 Specific surface area of ZnO–LS calcined at different
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�℄��, A� 2 g HK�OD 300 �T��yL^ (<�Km, LS A� g�, T���gm, L^y (<�#�:), �6M4bz5 yA��. ZnO–LS �w�k��TX, .L^�wMmy (<�. ��gH��A� gm, w�	P��Y3TX�T�gR-ZV��"�Tkq, &. (<�#�:).

2.7 qbxk�Dq`S.V,	*�"`V, zXW1�M�U�N`Vof�)�=yh , ,'" 2J��,I: (1)� �V�y1�M�U-/� 0.1 g 9s`f�), 0zDq`, #f 60 min; (2) � �V�y1�M�U-0/`f�), Dq`� 60 min. l�a?�1�M��0FV; ���a?�y1�Mo� FV, FV-�z 2%, 
h 7a -"oDq`U1. �=, �Dq`s��, �&W�=yNk�, f�)�1�Myo�FV��0hNk, gh �℄�/0*. �f�)oDq`s��, 1�MV�Q��*5��0$, (?1�M4V/��y�$0E, �N`V#f�℄�/0* [25]. �k CaCO3 oHK�OD�1�My`f�,ITe(?, 2 ��1�Mo�FV�f�Nk. q4A�HK�ODy ZnO `f�+e?��m, ��S4mrHK�ODT�gR-C"y CaCO3 � ZnO yTa��45�Sh���C"h , _�h f�9S. ZnO–LS-y CaCO3 y�0h �
g ICP :7, ,I:7"30L^y{Kh , ZnO–LS/2 g L^ 300 �T�,

Ca2+ h z 7.7981%, Zn2+ h z 91.8785%, m&*PV CaCO3 y�0h z 14.85%. s5yh o�r`f�+e, gH�g~Æ0�r`f�#f. g�y
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Fig.7 Photocatalytic performance of ZnO–LS calcined at
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different doping content of LS after 60 min (c)

CaCO3, F?HK�ODA��, w0us5y��TX;g�y CaCO3 ��kO�y�9��, 0�r�$0Ewf�)yo+NX, _�h f�+-.mh 7a �℄{V, f�)k Æz 0.1 g, 0eT����)�yL^y`f�9S0e, 300 �T�y
ZnO–LS `f��9Kk, Q�T���y#H, M:
ZnO y`f�9S5��F, �6M4bz, rT���#H*, _℄L^yTa9S Mk, q4kq�%�
�C1, 	Pf�)y0�9S�F, 0�r`y�9.

300 �T�)�y ZnO L^_w�kM), g�fy`



�1104 Y�>�<�� � 49 vf�9SNMkV,. h 7b z 300 �T�y ZnO–LSL^0ef/ y`f�9S. mh��, f/ 0e, (<�0e, `f�+e0e, Q�f�)k y�/, FV-\H, �4mrf�)k �/, �9��No�/, \H"FV-. qr/�g f�)*, FV-,~\H, #�/o�F, �4mrf�)���`o��Nk, gHV�yf�)0�r`��U-y[g, F~"`y�k-. (q, :7"0eL^ ZnO–LS/2 g, ZnO–LS/3 g,

ZnO–LS/1 g(0e (<�) (<��e*y`f�,I, (<��e, q`f�,ITe0e. _℄�℄
g�/f/ 
iu�e(<�, qQ���/�`y��NkN�/, Te(? (<�myL^`f�+eOk. 
h 7c �=, d 300 �T�y ZnO–LS(k wz
0.1 g), g 60 min yDq`f�9Slr0A�\
ZnO L^ (300 �T�), pf�+-H, 1�MyFV-
60 min oSiuuH. 
A�y 2 g HK�OD ZnO–

LSyL^, g1�MFV-iu 97.86%,lr�P P–25

TiO2 yf�9S, N?�HrV,Z�vy ZnOA�f�) [26]. �QN-, 2 gHK�ODA� zMlA� .�℄A�a?�, ZnO–LS f�)(<W�M�, `f�FV+eKk, A�g��g�, g`f�+eÆ�F~.(q, 5 yA�, �. ZnO–LS f�)�w5ry��TX, +�℄~�w1�M0EyT0NX, N0%r	P��Y3TX�T�gR-ZV��"�Tkq.

3 ~�℄HK�ODzCÆ)o(<�9), �kU�J�!)�"9sM: ZnO `f�), HK�ODyA� $T����f�)`f�+eC"Mmh . A� 2 gHK�OD, T���� 300 �wuy9s ZnO `f��9Km. )wyM: ZnO z,&a�, A�� ZnO y45�""$�, ~A� ZnO 4Yz[=q!, A�L^
ZnO–LS 45z�b=, HK�ODhu"	Q ZnO a_45yNk. T���y0e, �b= ZnO y�bm)o�=a_E���"V�y$�, ZnO �k}N��"A$, b�`f��9N0e. HK�ODyA�+I!"ly_ykqqhu"CÆ)yNk, �rwu��M), f�9Sl�y���b= ZnO.℄���
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