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CHUYEN HOR BOT MU IN PHE THiI THANH KIM LoAI SAT

Vi toc d6 tang trudng va phat trién manh cla cng nghé ISV thuét, rac thai dién ti dang dan trd
thanh mét trong nhiing ngudn  nhiém nghiém trong trén thé giéi. Trong d6, cac hdp muc in da qua
sti dung hoan toan cé thé de doa dén méi trudng bdi qua trinh rlia tréi céc chat doc trong bot muic
khi chiing dudc chan 1dp 6 cac bai réc. Gan day, nhém nghién ciu ca GS Veena Sahajwalla thugc
Trung tam Nghién cliu Ning lugng bén viing (Pai hqc New Sguth Wales, Uf:) da dé nghi mét quy trinh
XU Iy nhiét d8i véi bot muc in phé thai 6 1.550°C nham chuyén hoa oxit sat trong bét muic thanh kim
loai s&t. V6i uu diém tiét kiém nhién liéu, nguyén liéu va khong sinh ra chat ddc hiiu cd, day hiia hen
sé |a giai phap cho van dé 6 nhiém moi trudng do bét muc in trong tuang lai.

Nouy c¢o © nhiém méi trudng tir bot
muc in pheé thai

Cung v6i su phat trién cla
céng nghé, rac thai dién ti [thuat
ngdl dudc st dung rong rai dé
mo ta tat ca cac thiét bi dién va
dién tl, bao gébm cac bd phan
cla chung (hinh 1), bj thai bd va
khéng dudc tai s dung] dang dan
tré thanh mot trong nhiing nguén
& nhiém méi trudng méi véi téc dd
tang trudng nhanh nhat thé gidi
(4-5%/nam) [1]. Théng k& cho
thay 47,8 triéu tan rac thai dién ti
da dudc thai ra trén thé gidi trong
nam 2017. Uc 1a moét trong nhiing
nudc tao ra rac thai dién tl nhiéu
nhét, véi hon 20 kg rac thai trén
moi ngudi dan [1, 2]. Chinh su
bung nd vé rac thai nay da khién
Chinh phii Uc phéai ban hanh Dé
an quéc gia vé tai ché tivi va may
tinh vao nam 2011 nham quén ly
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Hinh 1. Rac thai dién ti - ngudn 6
nhiém méi ciia the gigi.
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rac thai dién tl, trong do dat muc
tieu tai ché 80% may tinh, tivi
cling cac san pham lién quan vao

' nam 2021-2022. Nh& vay, 35%

cla téng s6 121,8 triéu tdn may
tinh va tivi khi hét vong dai su
dung d& dudc tai ché thanh céng
trong giai doan 2014-2015 [3].

Tuy nhién, dé an nay lai bd
qua mdt san phdm rac thai dac
this it ngudi cha ¥, dé 1a cac hop
muc in phé thai (hinh 2), trong
dé van con chla nhiéu bét muc
in du, chua st dung hét (chiém
khoang 8% khéi lugng [4]). Ngudi
ta udc tinh cé khoang 1,1 ty hop
muc in dudc ban ra méi nam,
trong do c6 han 500 triéu hop két
thuc vong ddi tai cac bai rac chén
|&p trén toan thé gigi [5]. Diéu nay
tao ra nguy co rat I16n déi véi moi
trudng do qué trinh chén |4p sé
tao diéu kién cho cac chat doc
bén trong bdt muc in bi rla troi
theo mua vao dat hoéc céac tang
nudc ngam, clng nhu tao ra cac
loai khi gay hiéu ting nha kinh nhu
CH, va CO,, dbng thdi lam that
thoat ngudn nguyén liéu cé gia tri
nhu kim loai va nhua. Hon niia,
cin bot muc in con ¢ kha nang
bét I{ia t6t, v6i kich thudc nho, cac
hat b6t nay co the dé dang gay né
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khi tiép xdc véi khéng khi néng.
Do do, vdi khéi Iugng 16n vé muc
in dang dugc tiéu thu trén thé gidi
hién nay, bét muc in phé thai da
tré thanh mét thach thic méi dsi
V@i cac nha khoa hoc méi trudng.

Hinh 2. Cac hip myc in da qua sit dung.
Kif Iy bot muc in phé thai

Trong béi canh do, mét vai
nghién cuu trén thé gidi da dugc
tien hanh nham chuyén hoa bot
muc in phé thai thanh cac san
pham cé ich. Yordanova va céc
c@pg SU da st dung bot muc phé
thai nhu mot chét 1am day va tao
mau cho cao su téng hop [6].
Ruan va cong su ciing dé nghj st
duﬂng nhiéu hé théng cong nghé
than thien véi moi trudng nhim



tach bot muc in ra khdi cac hop
muc da qua sU dung, dong thdi
st dung hé hoéa hdi va ngung tu
trong chan khéng dé chuyén hoa
bot muc in thanh dau, khi téng
hop, nano-Fe O, va nano-SiQ, [7,
8]. Trong mot nghién cuu khac,
Li va cong su da ché tao thanh
cong vat liéu anode trong pin
Li ion thong qua qua trinh xu ly
nhiét déi v6i bot muc phé thai [9].
Loai bét nay con dugc sU dung
lam phu gia trong nhua dudng
TonerPave, san phdm cla mot
coéng ty & Uc chuyén dung trong
xay dung dudng xa. Tuy nhién,
b&t chdp nhiing nd luc trén, ham
lugng bét muc in phé thai bi chon
l&p khong qua xU ly van tiép tuc
gia tang, doi hdi cac nha khoa hoc
phai tiép tuc tim kiém nhing giai
phap xU ly méi hiéu qua han.

Gan day, nhom nghién cuu
clla GS Veena Sahajwalla thuéc
Trung tam Nghién clu nang
lugng bén viing (Pai hoc New
South Wales, Uc) da dé nghi mét
quy trinh x& ly nhiét mdi (hinh 3),
s dung ham lugng carbon trong
cac hop muc phé thai lam chat
khii dé chuyén hoéa bét muc in
thanh sat tinh khigt (98%) [10].
Quy trinh nay dudc nhém nghién
cliu xay dung dua trén viéc su
dung nhiét dé 1én dén 1.550°C,
von la khoang nhiét dé thudng
dugc st dung trong cac nganh
cong nghiép luyén thép (1.500-
1.600°C). Chinh vi vay, viéc ung
dung quy trinh nay trong cac nha
may luyén thép cho phép giam
chi phi nang lugng dau vao mét
cach dang ké. Ngoai ra, nhiét do
cao trong qua trinh x ly con giup
loai bd cac chat khi déc hai co
thé duoc sinh ra, chdng han nhu
dioxin. Tuy nhién, nhiing uu diém
trén chi thuc su phat huy tac dung
néu boét muc phé thai chia lugng
sat that su da I6n.

few, /7 co

®(a

i

Sét tinh khiét
_ Qua trinh khir , 98%
& 1550°C

Bt mycin
phé thai

Hinh 3. Quy trinh x@ Iy nhiét dé chuyén
héa bot muc in thanh sat tinh khiét.

Phan tich hot muc in phé thai

Giai doan quan trong dau tién
trong nghién cliu clla GS Veena
Sahajwalla la tién hanh phan
tich cac mau bot muc phé thai.
Pau tién, mau bdt muc in dudc
dem dun trong 4ap suét thdp dé
loai b thanh phan bay hai giau
carbon. Phéan tro con lai (chiém
41,5% khoi lugng) dudc dem di
phan tich bng phuong phap phé
huynh quang tia X (XRF). Két
qua XRF cho thdy ham lugng I6n
clia sat oxit tén tai trong mau tro
(chiém 82,4% khai lugng khi quy
vé Fe,0,), khoang 11% Mn,O,,
phén con lai 1a oxit cia cac kim
loai khac. Tuy nhién, gidn doé
nhiéu xa tia X (XRD, hinh 4) gan
nhu chi thé hién cac peak ing véi
pha magnetite, chiing té sat chd
yéu ton tai dudi dang Fe,O,. Ving
peak réng trong khodng tlir 18-27°
trung véi 2 peak co6 cudng dd cao
clia Fe,O, rét c6 thé d&c trung cho
thanh phan vo dinh hinh (nhua)
trong mau bot muc in.

8000

0 Magnetite (Fo,0,)

g

g

E .
£
L.

{

Cuong db (1in démigiay)

| -

Mt it

10 30 50 n 90 110 130
28 (%)
Hinh 4. Gian d6 nhiéu xa tia X cia mau
tro thu tir bt muc in.
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Pé c6 thé khao sat rd hon
thanh phan nhuya cla muc in,
mau bét dude dem phan tich phd
héng ngoai ATR-FTIR. Ky thuat
nay cho phép nhom nghién ctiu
dinh danh cac nhom chtic khac
nhau trén bé mat vat liéu, tu doé
suy doan ra dang polymer ton
tai trong mau (hinh 5). Cu thé,
peak & 2.900 cm™' ¢ thé thudc vé
dao ddéng clia lién két C-H tu cac
nhém CH, cla axit béo. Cac peak
dinh vi & 2.960, 1.720, 1.452 va
1.184 cm™ chiing minh su hién
dién cuta thanh phan poly(methyl
methacrylate) (PMMA). Ngoai
ra, su xuat hién cla cac peak &
1.509 va 830 cm' cho thay kha
nang ton tai clia cac polymer
dang bisphenol A, chdng han nhu
polyester trong mau [11]. Dua vao
cac két qua nay, nhéom nghién
cliu du doan thanh phan polymer
trong mau bét muc phé thai chi
yéu chtia copolymer dang PMMA
két hop vai polyester bisphenol A.
Theo do, cac thanh phan polymer
nay khi dugc xU ly nhiét hoan toan
c6é thé trd thanh nguén nguyén
lieu dé téng hop cac chét khii
chua carbon, st dung nham khi
oxit sat thanh sat tinh khiét.

E

j
‘}
pu—
—
=

| .
———

=2
C=0 kéo dai

C-H kito dai

8

& truyén qua (%)

C=C them
kéo dai

o=
C-O kéo dai

@00 1500 3000 2500 2000 1500 1000 00
S6 s6ng (cm)

Hinh 5. Phé ATR-FTIR clia mau bdt muc
in trude khi xir xy nhiét.
Tony hop kim loai sat tir bét muc phé
thai

3 giai doan tiép theo, m&u bot
muc (0,6 g) dudc cho vao trong 1
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dng xy lanh, nén véi ap suat 30
bar & nhiét dé 185°C trong vong
32 phut dé ép thanh céac vién nhd

c6 duding kinh 20 mm va bé day 3

mm. Sau dé, vién ép dudc chuyén
vao trong 10 nung éng da gia nhiét
sén & 1.550°C trong khi quyén Ar
(1 I/phat), gid trong vong 15 phut.
Trong suét qua trinh xd ly nhiét,
cac thanh phan polymer trong bét
muc dan bi phan hdy, tao thanh
CO, CO, va CH,. Ham lugng cac
khi nay dugc theo doi théng qua
hé théng phé héng ngoai triuc
tuyén va dugc trinh bay trong
hinh 6. CO la khi dugc sinh ra co
ham lugng I6n nhat, theo sau la
CH,. Nhiing khi nay déng vai tro
rdt quan trong trong qua trinh khi
Fe,O,[12]. Cuthé, § 1.550°C, CH,
sé tu phan hdy thanh C va H,. Khi
do, CO,CvaH,sé doéng thai khii
Fe,O, vé FeO va cudi cling hinh
thanh nén Fe néng chay. Cac giot
sat nong chay trong chén nung
dugc thu héi, dé ngudi va tién
hanh phan tich s&dn phadm lan lugt
bang XRD va anh kinh hién vi
dién tl quét ghép néi phd tan xa
tia X (SEM-EDX).
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Théi gian (giay)
Hinh 6. Ham lugng khi dugc sinh ra
trong qua trinh xi Iy nhiét bot muc &
1.550°C,

Hinh 7A thé hién gian d6 XRD
cta s&n phdm sau khi x Iy nhiét
vGi cac peak dac trung cda kim
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loai st tai 52,2, 77,2, 99,5 va | thanh gidi phap kha thi dé giai

123,8°. Khéng cé peak cla FeO
va Fe,O, hién dién, chting t6 qua

trinh kh( Fe,O, vé Fe da dién

ra hoan toan. Ngoai ra, két qua
SEM-EDX (hinh 7B) ciing cho
thay Fe la thanh phan chinh trong
mau san pham, hién dién khip
mau vdi ham lugng dat 98%.
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Hinh 7. (A) Gian dé XRD va (B) anh
SEM-EDX ctia san phiam kim loai sit

sau qua trinh xi¥ ly nhiét bot myc in phe
thai.

Nhu vay bang quy trinh xi
ly nhiét don gian, GS Veena
Sahajwalla va cac cdng su da
chuyén hoa thanh cdng bét muc
in phé thai thanh kim loai st c6
gia tri trén thj trudng. Nho tan
dtjng t6t luong chat polymer co
san trong bot, quy trinh chuyén
hoa nay khong can b4t o nguén
carbon bd sung dé khi oxit sét.
bong thoi vei nhiét d6 1.550°C
trung véi nhigt de trong céng
nghiép luyén sét, quy trink nay
via dam bao tigt kiém chi phj
nhién liéu, vita khong sinp g cac
san pham hitu co doc ha. Chinh

vi vay, day hoan toan c¢ thg trg

quyét bai toan xi ly bot muc in
phé thai trong tuong lai gan =

Lé Tién Khoa (t6ng hop)

TAI LIEU THAM KHAOD

[11 C.P. Balde, F. Wang, R. Kuehr, ). Huisman
(2015), The global e-waste monitor, United Nations
University Institute for the Advanced Study ol
Sustainability (UNU-IAS): Bonn, Germany.

[2] R. Widmer, H. Oswald-Krapf, D. Sinha-
Khetriwal, M. Schnellmann, H. Boni (2005), “Global
perspectives on e-waste”, Environ. Impact Assess.
Rev., 25(5), pp.436-458.

(3] Australian Government, Department of the
environment, National Television and Computer
Recycling Scheme Outcomes 2014-2015 (10/2016).

[4] ). Ruan, J.Li, Z. Xu(2011), “An environmental
friendly recovery production line of waste toner
cartridges”, . Hazard. Mater., 185(2), pp.696-702.

[5] H. Koseki (2014), “Stucly and countermeasure
of hazard of dust explosion of various toner
cartridges”, Procedia Eng., 84, pp.273-279,

[6] D. Yordanova, S. Angelova, . Dombalov
(2014), “Utilisation options for waste toner powder”,
J. Environ. Sci., 3, pp.140-144..

(7] ). Ruan, Z. Xu (2011), “A new model
of repulsive force in eddy current separation for
recovering waste toner cartridges”, /. Hazard.

| Mater,, 192(1), pp.307-313,

(8] J. Ruan, L. Dong, J. Huang, Z. Huang, K.
Huang, H. Dong, T. Zhang, R. Qiu (2017), “Vacuum-
gasification-condensation of waste toner to procuce
industrial - chemicals and nanomaterials”, ACS
Sustainable Chem. Eng., 5(6), pp.4923-4929.

[9] Y. Li, ). Mao, H. Xie, |. Li (2017), “Heat-
treatment recycling of waste toner and its applications
in lithium ion batteries”. J. Mater, Cycles Waste
Manage., doi: hitps://doi.org/10.1007/510163-017-
0599-z.

(10] V. Gaikwad, U. Kumar, F. Pahlevani,
A. Piadasa, V. Sahajwalla (2017), “Thermal
transformation of waste toner powder into a value-
added ferraus resource”, ACS Sustainable Chem.
Eng.. 5(12), pp.11543-11550, doi: 10.1021/
acssuschemeng.7b02875,

(1] G. Mitchell, F. France, A. Nordon, P.L.
Tang, LT. Gibson (2013), “Assessment of historical
polymers using attenuated total reflectanceFourier
transform inira-red spectrascopy  with  principal
component analysis”, Heritage Sci., 1(1), p.28.

[12] R. Dhunna, R. Khanna, I, Mansuri, V.
Sahajwalla (2014), “Recycling waste bakelite as
an alternative carhon resource for ironmaking
applications”, ISIf Int., 54(3), pp.613-619.



