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Abstract

Waste toner was calcined at room temperature, 500, 700, 900 and 1,100 °C for 4 h. Structural,
quantity of elements, morphology and magnetic properties were investigated by X-ray
diffractometer (XRD), energy dispersive X-ray spectrometer (EDX), scanning electron microscope
(SEM) and vibrating sample magnetometer (VSM). The waste toners that were calcined at room
temperature and 500 °C were Fe;0, ferrite and had inverse spinel cubic structure, whereas those
calcined at 900 and 1,100 °C were a-Fe,O; and had rhombohedral structure. The comparison of
elements of room temperature compared to 500 °C of calcining revealed that Fe content increased
from 32.28 to 47.50 %wt, but C content decreased from 40.35 to 6.96 %wt. The morphology of
waste toners that was calcined at room temperature, 500 and 700 °C had spherical and average
particles with the sizes of 208, 233 and 242 nm, respectively. However, when calcined at 900 and
1,100 °C the morphology of waste toners showed lager grain size. At the calcination temperature
of 500 °C, the maximum saturation magnetization (M,) and coercivity (H.) of the waste toners were
73 emu/g and 70 Oe, respectively. The saturation magnetization of waste toner was significantly
reduced when calcined at 900 °C with M, = 1 emu/g due to the crystalline structure of Fe;0, and

ferromagnetic became anti-feromagnetic properties of a-Fe,Os.
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wiuan o-Fe,0; dlassadrananidunuuseu

Tugn¥a (thombohedral) usnanniazidiulain
ounALLLNEN Fe,0, Buasudu a-Fe,0, 7
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ninmdeldilowmunaletuiionmgll 900 uag
1,100 °C fidnwazidudafivunnlugiiesain
wasnuausoudilasuiigaumail 900 °C Wusuly

@

gdindsnuanuiouisanaivinliounia Fe,0,

swwdndudinues o-Fe,0, uazlassaiananay
Wasuldanmdududisaatiuadidnnatadu

s0ulUENSAdNARBINUNANISLASIASIINEN

a

M990 1 USHausnvessamiinimioreniswuaaleufionaiisng

U

_ . Vnausnfiied (%owt)
gaunniuaaleil (°C)
C Fe 0 Si S
Tadtan 40.35 32.38 26.42 0.59 0.25
500 6.96 47.50 43.71 1.50 0.32
700 4.09 61.78 32.73 1.10 0.29
900 4.44 51.59 42.18 1.78 0
1100 237 54.54 42.47 0.61 0
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audinauwindnvessaminmisldiile
LNWLLﬂal%ﬂﬁquQﬁﬁaq, 500, 700, 900 kA ¥
1,100 °C u1u 4 2153 nadeudioLAIsTnaush
wsimdnuuuiegedu fsgu 5 Nansneasdan
Bawmesada (hysteresis loop) Thiiuinwenin
waelifiuaalatifignmgiiang 9 Hemundaidu
wilnEnwUUFIAT1Y (soft magnetic) Wesand
YUIADIBANeSITafiuauinliiidaudns
willdn (coercivity, Ho) s wagAn1sBuimia
willndnueeae (saturation magnetization, M) il
g9 [8]
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Susvaudimaniindu 37, 73 uag 43 emu/g
AUBIRY ImaﬁqmwgﬁmﬂmLLﬂalsuﬂﬁaxlﬁaﬂi
wilnénues Fe,0, (magnetite) dmiduansusiman
Uszammassiuniu@n (ferrimagnetic) w3ownes

1591 (ferrite) FeapnnanaiuaNUITuvad Nucharee

'
=

wazANy NFLATIETEUNIAUILLYDY Fe,0, A5

oxidative alkaline hydrolysis 183xa%&n fifiAn
MsBudImasindn 77 emu/g gumgiilunis
W3sudl 70 °C [9] wazA1n15auFIMIanimans
Toun nenfinundeldfimuaalet 900 waz 1,100
°C Tnefiann1sdudmawlvdnuiniu 1 uway 1.4
emu/g MUY §90151971 2 Fedanndeosfu
U804 Jalaly warame fidATIER Ni-Zn
woslsn wafiinaves Fezosﬂﬁﬂgﬁu%ﬂajdma
soanuifundmdnues Ni-zn weslsyi [10] Tnei
gamginismunaleiagldaisuiininges
a-Fe,0, (magnetite) datduansusimaniszinn
wauRAWoslILuNLUAN (antiferromagnetic) JEHEE

TAnsusuiwaniien [11,12]
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M15°99 2 andimesiumenimvessniinmdslivdunuaalyinaaumgiinng o

U

gompiuealed | 4 yumeyAn | Amsdudmasivdn | mavdeandy
QTR . .

(°C) (nm) VOIdn, M, (emu/g) waitnan, He (Oe)
e BUNA 208+0.05 37 42
500 auNA 233+0.06 73 70
700 aUNA 242+0.72 43 83
900 il - 1.0 410
1100 \ln - 1.4 201

4. #5UNaN1339Y
waviindelifgamgivies (i) s
YTuusInA1suau WIAN WareandLau 40.35,
32.38 uag 26.42 %wt aua1ny 1ussrUsznau
Tnedmssutuduasusznau Fe,0, daduans
wiidnusziamlessuuniuinuioestsy
Tassasreudnifuuuuduisaatiuanadn &
é’ﬂwmxﬁuﬁuﬂuaymmmm 208 nm TaudFn
wimdmdunuudiasia Tnedain1sdusanig
wilimdnvasdan 37 emu/g uarAaudnsaudu
wiliwdn 42 Oe wlothnawniinmdelfiuupaledi
gaumdl 500 °C um 4 2l ndseunnuTouves
nszvIuMsuAalglyi liuSInuASUsuanaseena
110 (ARUED 6.96 %wt) lnsUSunuvpunanLaY
gondauiiiudu (1 Ju 47.50 way 43.71 %wt
AUEIFU) tpsanUSunamsuauiimeludu
asveuvastwdiues Svwneymealngiui 233
nm LLﬁiwwﬁﬂLMﬁaWViQmwgﬁ 500 °C fapaidu
a15UsENauved Fe,0, kazillassadiawanifunuuy
duismaliuamidn auﬂ’amummﬁﬂgqﬁu Ty M,
= 73 emu/g Wag H. = 70 Oe Ba1dugungiinis
wuaaletfiviunzauiigaluduiuaudu

o =

wilmdnliiiuan waznmiinwdeldasgaydeniny

q

Juwdidnigamginisiwuaalyilfl 900 °C &
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