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Indium, one of the important rare metals, has drawn more and more
attention due to its semiconductor and optoelectronic performance. The
by-products of zinc refineries are used as the primary mineral resources
for the commercial production of indium. Indium contents of these
products usually vary in a range of 100200 g/t. However, as a main
secondary source of indium, LCDs waste contains much higher contents of
indium than that in mineral ores. LCDs waste may contain up to 1,400 g/t
In (equivalent to 0.7 g/mZ2). The indium recovery process from LCD screen
wastes undergoes three stages: dismantling LCD screens; separation of
indium-containing ITO glass, and recovery of indium metal. This paper
presents the characteristics of the indium recovery process from LCD
screen wastes and the main techniques used in each stage of technology.
From there, a few suitable specific indium recycling processes are
proposed for the conditions in Vietnam.
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Tong quan cac phwong phap tai ché tir man hinh LCD phé thai

Pham Van Luin *, Tran Trung T&i
Trwong Pai hoc M6 - Pia chdt, Ha Ni, Viét Nam

THONG TIN BAI BAO TOM TAT
Qucf tm\l}.“ Indi la mét kim loai khan hiém va ngay cang dworc st dung rong rdi trong
Nhan bai 11/02/2021 nhiéu linh vuc, nho tinh ndng bdn dan va quang dién tir cia no. Nguyén liéu
Stra xong 20/5/2021 chinh tir khodng sdn dé sdn xudt ra indi la cdc sdn phdm phu ctia nha mdy
Chap nhan dang 18/6/2021  tinh Jyyén kém. Tuy nhién, ngudn tai nguyén thir cdp la cdc man hinh LCD
Tir khéa: phé'thdi lgi chira ham lwong indi cao hon nhiéu so voi nguon tai nguyén tir
Héa luyén khodng sdn. Trong cdc man hinh LCD ghé 7thai cﬂo’ chira d:én 1.400 g/t_ In
Indi ’ (i turong fiwong 0,7 g/7m2), trong khi dé cdc san p‘ham,phy clia _nh‘a mdy tz‘nh
Ma 'h‘ hLCD luyén kém chira khodng 100+200 g/t In. Qud trinh tdi ché indi tir man hinh
an finh LLL, LCD phé'thdi trdi qua ba khdu céng nghé: thdo dé* man hinh LCD, thu hdi tdm
Téi ché indj, kinh ITO chira indi va thu hoi kim logi indi. Bai bdo nay trinh bay ddc diém
Thay luyén. ctia indi trong man hinh LCD phé thdi va cdc ky thudt st dung trong tirng

khdu céng nghé. Ttr d6, dwa ra mot vai quy trinh tdi ché indi cu thé phu hop
vdi diéu kién tai Viét Nam.

© 2021 Trwong Dai hoc M6 - Pia chit. T4t ca cac quyén dwoc bao dam.

Indi 12 mot kim loai kh4 hiém, mém, dé uén va

1. Gi¢i thié x .
Gio1 thicu dé néng chdy, & dang kim loai tinh khiét, dwoc hai

Indi (Indium) 1a mot kim loai phan 16p p, nam
& chu ky 5, nhém III A trong bang hé théng tuin
hoan hién dai. Indi cé s6 hiéu nguyén tir 49 va khoi
lwong nguyén tir twong doi 114,82. Cac tinh chat
vt ly chinh cta indi bao gom: c6 tinh phéng xa
nhe, phan ra chdm theo birc xa beta véi chu ky ban
rd 4,41 x 1.014 nam, khdi lwong riéng 7,31 g/cms,
diém noéng chay 156,60C, diém s6i 2027°C, ban
kinh nguyén tir 1,93 A°, ban kinh cdng hoa tri 1,42
A, ai luc dién tr 28,9 k] /mol (Debabrata Pradhan
vannk, 2018).

*Tdc gid lién hé
E - mail: phamvanluan@humg.edu.vn
DOI: 10.46326/JMES.2021.62(3b).09

nha héa hoc ngwdi Pic 1a Ferdinand Reich va
Hieronymous Theodor Richter phat hién nam
1863. Mot s6 hop chit tong hop tir indi c6 hiéu
suatdan dién va quang dién tir cao hon. Do d4, indi
duoc str dung rong rai trong linh vuc cdng nghé
cao nhw: pin mat trod, quang dién ti, di-6t phat
quang,... Dac biét, gin 70% indi dwoc &ng dung dé
san xudt mang oxit thiéc - indi (ITO) trong sudt, la
hop kim cda In - Sn bao gom oxit indi (Inz03) va
oxit thiéc (Sn0;) véi ty 18 x4p xi 9:1 (Nakashima va
Kumahara, 2002). Mang ITO trong sudt la mét
nguyén liéu thé quan trong, déng vai tro nhw dién
cuc trong man hinh tinh thé 1ong (LCD) dwoc st
dung cho may tinh, lap-top, dién thoai di dong va
tivi (Chou va Huang, 2009; Wang, 2011). Ngoai ra,
indi con dwoc str dung rong rai trong cong nghé
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mang mong dé tao ra cac 16p béi tron (Debabrata
Pradhan va nnk., 2018).

Nhu ciu str dung indi d3 gia ting nhanh chong
trong nhitng ndm gan diy voi sw phé bién cla
man hinh hién thi va pin mat troi. Ké tir ndm 1985,
lwong tiéu thu indi trén thé gi¢i dén nay da ting
voi ty 1€ 2.000% (Tolcin, 2016). Nam 2016, nhu
cau indi trén thé gi¢i da la 810 tan, dw bao dén
nam 2025 thé gi¢i cin khoang 1.400 tin. D€ dap
rng nhu cdu ngay cang ting, nganh céng nghiép
khai thac va ché bién indi ngay cang dwoc mé rong
quy md va nang suat. Tuy nhién hién nay, nguén
cung cip quang indi ngdy cang tré nén khong da
dé dap rng nhu ciu khong 16 (Werner va nnk,
2017). D bdo, trit lwong indi trong vo trai dat sé
can kiétvao nam 2025 (Hester va Harrison, 2009).
Vi viy, trong thoi gian tdi, thé giGi sé déi mat voi
tinh trang thiéu indi va gia ca ting cao. Do sw thiéu
hut vé nguon tai nguyén khoang san indi, nén qua
trinh tai ché indi tr man hinh LCD phé thai da
dwoc nhiéu nha nghién cru quan tim, phat trién
trong khoang 20 nam gin diy (Boundy va nnk.,
2017; Graedel va nnk.,, 2011; Rotter va nnk., 2013;
Ryan va nnk, 2011).

Trong nhitng ndm gin diy, man hinh LCD
chiém phan 1én thi treong man hinh dung trong
cac thiét bi dién tk. K€ tir nam 2010, trung binh
hang nam c6 hon 200 triéu tivi LCD da dwoc ban
trén toan ciu (Gartner, 2011). Doanh sé ban méay
tinh bang va may tinh xach tay trén toan cu ciing
twong dwong véi tivi (Savvilotidou va nnk., 2014).
Trong khi vong doi trung binh cua tivi LCD chi
khodng 3+5 nam va d6i véi may tinh va dién thoai
di dong, vong doi ctia n6 thAm chi con ngin hon
(Zhang va Xu, 2013; Schmidt, 2005). C6 thé nhan
th4y, man hinh LCD la ngu6n tai nguyén tiém nang
dé san xudt indi.

Thuc t€, khong c6 mé quang chira indi riéng.
Kim loai indi cht yéu dwoc san xudt tir sdn phdm
phu ctia nha may tinh luyén kém va tai ché man
hinh LCD. Hang ndm trén thé gi¢i c6 khoang 480
tin indi san xuit tir khai thac mé nhung cé dén
650 tin indi dwoc san xudt tir tai ché man hinh
LCD (Debabrata Pradhan va nnk, 2018). Trong
cac man hinh LCD phé thai c6 chira dén 1.400 g/t
In (twong dwong 0,7 g/m2) (Akcil va Agcasulu,
2015; Rotter va nnk,, 2013), dang gia hon nhiéu so
v&i cac san phadm phu ctia nha may tinh luyén kém
(chira khoang 100+200 g/t In). Viéc san xuat In tir
man hinh LCD c6 cong nghé don gian va gia thanh

thap hon so véi san phdm phu cta cadc nha may
luyén kém. Do man hinh LCD rac thai ¢c6 ham
lwong In cao hon, chi chita indi va thiéc. Khong
giéng nhw can cua nha may luyén kém c6 ham
lwong indi thap hon va chira nhiéu tap chat.

Tai Viét Nam, theo thong ké ctia Chwong trinh
Mbi trudmg Lién Hop Qudc, moi ngudi dan Viét
Nam thai ra trung binh 1,3 kg chit thai dién t
nam 2018, twong dwong 116.000 tin. Theo bao
cdo cua Vién Khoa hoc va Cong nghé moi truong
(Trwdong Pai hoc Bach khoa Ha Néi), lwgng phat
thai tivi & Viét Nam vao nam 2025 c6 thé 1én t6i
250.000 tan. Lwong chat thai dién tir & Viét Nam
mdi ndm ting khoang 100.000 tin, chi yéu phat
sinh tir ho gia dinh (d6 gia dung dién tk), van
phong (may tinh, may photocopy, may fax...), cac
b6 san pham dién ti 18i va cac thiét bi thai dwoc
nhap khau bat hop phap. S6 lwong rac thai dién ti
tai Viéet Nam, trinh bay ¢& Hinh 1
(https://www.epa.gov/sites/).

S6 lwong rac thai dién tir & Viét Nam rat 16m,
nhung hdu nhw méi chi dwoc tai ché thé so tai cac
lang ngheé thi cong dé thu hoi nhya va mot sé kim
loai trong cac bdn mach dién tr. Nén tiém 4n nhiéu
nguy co gy 6 nhiém méi treong va lang phi tai
nguyén. Trong d6, man hinh tinh thé 1éng chiém
khodng 7% téng s6 rac thai dién t. Vi viy, nghién
ctru thu hoi indi ttr man hinh LCD phé thai tai Viét
Nam khong nhitng cho phép thu héi dwgc cac kim
loai quy c6 gia tri kinh té cao, ma con lam giam
thiéu nguy co gay 6 nhiém moi treong.
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Hinh 1. S6 lwong rdc thdi dién tw tai Viét Nam
(https://www.epa.gov/sites/).
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Hinh 2. So d6 quy trinh cdng nghé thu hdi indi tir man hinh LCD phé'thdi (Gotze, R, Rotter, V.S, 2012).

2. Quy trinh cong nghé thu héi indi tir man
hinh LCD phé thai

D€ thu ho6i dwoc indi tr man hinh LCD phé
thai, viéc dau tién la tach 1ép ITO ra khai cac tim
LCD. Sau do, 1ay 16p thuy tinh khong phan cuc
chtra ITO dwa di thu hoéi indi bang qua trinh hoa
luyén hoac thly luyén. Cac quy trinh cong nghé
héda luyén hoac thiy luyén da dwoc nhiéu tac gia
nghién ctru thtr nghiém, nham tim kiém quy trinh
tai ché indi thin thién v&i méi trweong va cd chi phi
thap (He va nnk., 2014; Jancovik, 2015; Rocchetti
vannk, 2016; Zhang va nnk, 2016).

Trong nhitng ndm gan day, nhiéu nha nghién
ctru trén thé giGi da dwara cac quy trinh cong nghé
tai ché indi tir cic man hinh LCD phé thai. Nhin
chung, cac quy trinh cong nghé thu hoi indi ttr man
hinh LCD héng gdm ba bwéc: buée 1- thao d& man
hinh LCD; buéc 2 - tach 16p ITO khdi man hinh
LCD; buéc 3 - thu hoi kim loai indi tir tAm ITO. So
d6 quy trinh cong nghé dién hinh thu hoi indi tir
man hinh LCD phé thai trinh bay & Hinh 2.

2.1. Thao dé> man hinh LCD

DE c6 dwoc tAm ITO sach 1am nguyén liéu cho
qua trinh thu héi indi, trweéc hét cin thdo dé man
hinh LCD, lam v& vo nhwa, thio bo dén nén va lay
tadm LCD. Hon nita, mot s6 man hinh LCD cii diing
cong nghé dén nén huynh quang lanh (CCFL) thay
vi dén LED nhuw hién nay, nén can phai dwoc thdo
bd trong moi trwong kin gié dé tranh ro ri thay
ngan.

Payla budc dau tién clia qua trinh tai ché man
hinh LCD phé thai, qua trinh nay khong chi cho
phép loai bé nhirng thanh phan nguy hiém nhw
dén huynh quang (Cui va Forssberg, 2003), ma
con cho phép thu héi dwoc cac vat liéu cé gia tri
khac ngoai indi (Aizawa va nnk.,, 2008). Mac du
man hinh LCD dwoc dung trong nhiéu thiét bi dién
t&, nhung chi c6 hai phwong phap thao d& la tha
céng va co hoc.

So sanh gitra phwong phap thao d& tha cong
va co hoc, Peeters nhin thiy: phwong phap thao
d& thi cong cho phép thu hoi dén 90 % kim loai,
trong khi d6 phwong phap co hoc cho ty 1€ thu hoi
kim loai dwéi 10 % (Peeters va nnk,, 2013). Ngoai
ra, phwong phap thao d& tha cong khéng gay ro ri
thlly ngin va cac chit doc hai khac nén an toan
hon. Tuy nhién, dé phat trién nganh cong nghé tai
ché man hinh LCD phé thai, cin &ng dung cic
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phwong phap thdo d& co hoc hoac ty dong vao
thuc t€ san xuit, nham tang niang suit, gidm sic
lao dong va dam bao an toan cho nguoi lao dong.
Nam 2010, Kopacek di so sanh viéc thiao d& thu
cong vi cac phwong phap xir Iy co hoc nhu: cwa,
cat tia nwdc va cat laser. K&t qua cho thdy phwong
phap tht cong van c6 hiéu qua va mirc d6 an toan
cao hon (Kopacek, 2010). Phwong phap thao d&
tw dong dén nay van chwa c6 cdng trinh nao céng
bé rd rang va chwa dwoc ap dung vao thuc té san
xudt. Do vay, thdo dé thii cong van 1a phwong phap
dam bao cac chi tiéu kinh té - ky thuit trong qua
trinh ché man hinh LCD phé thai hién nay.

2.2. Thu héi tdm ITO tir man hinh LCD

Sau khi thao d&, dén nén dwoc loai bo, man
hinh LCD con lai ¢6 cac tdm ITO, tinh thé long va
man phan cuc nam xen ké va dinh chit véi nhau
nhw Hinh 3. D€ thu dwoc kinh ITO lam nguyén liéu
tho cho qué trinh thu hoi indi. DAu tién, cAn dip va
nghién cac tim LCD nham giai phong kinh ITO ra
khdi 16p tinh thé 16ng va mang phan cwec. Sau do,
str dung phwong phap nhiét phan; phwong phap
héa - Iy hodc phin hiy dién dé phan tach kinh ITO
ra khai cac tap chét.

2.2.1. Phwong phdp nhiét phdn

Nhiéu nghién ctiru cho thiy, nhiét phan la
phwong phap c6 nhiéu lgi thé khi 4p dung dé phan
hiy cac hop chat hiru co trong man hinh LCD phé

thai (Ma va Xu, 2013; Takahashi va nnk., 2009;
Wang va Xu, 2014). Trong qua trinh nhiét phan:
mang phén cuc la nhitng chit polymer phan ti
cao dé chay duoc chuyén hda thanh dang dau va
khi; 16p tinh thé 16ng 1a cac phan t& hinh que cé
chira vong benzene ciing bi loai bd, thanh phan
chinh trong ba ctia qua trinh nhiét phan la kinh
ITO (Ma va Xu, 2013). Qua trinh nhiét phan man
hinh LCD thwong dwoc cac nha nghién ctiru thuc
hién trong moi truedrng khi tro va chan khong.
Nhiét phdn trong moéi trwong khi tro:
Takahashi va nnk. (2007) da tién hanh phan hiy
cac chit hitu co trong man hinh LCD bang 10 gom,
nhiét d6 ban dau dwoc ting ngay trong khoang
573+973°K, déng thoi khi nito dwa vao 1o dé lam
khi bdo vé va din tro bui ra khéi 1. Chat hitu co dé
chay nhu: mang phan cuc, bo loc mau,... bi dot
chay hoan toan va chuyén héa thanh dau va khi,
con lai trong 10 1a can kim loai. Can nay chu yéu la
thuy tinh ITO, dwoc dem xt 1y ti€p dé thu hoi indi.
Tuy nhién, qua trinh nhiét phan c6 mét s6 nhwoc
diém: mirc tiéu thu nang lwong cao do phai tién
hanh & nhiét d6 trén 6730 K; khi nhiét phan chira
mot lwong 16n khi nito nén khong thé tai str dung
truc ti€p, phai st dung cac thiét bi hap phu khi NO
lam ting chi phi san xuit. Hon nita, cac chit dé
chay khong thé phan hiy trong thoi gian ngén, khi
chay dé sinh ra khi dioxin va c4c chit hitu co khé
phéan hiy doc hai khac (Ma va nnk,, 2012). D€ dam
bao tiéu chuin khi thai, khi nhiét phan duoc qua

Hinh 3. Cdu tao man hinh LCD (https://vi.wikipedia.org).

1. Kinh loc phdn cwc thang ditng, loc dnh sdng tw nhién; 2. Lép kinh ¢6 cdc dién cwc ITO, hinh
cdn hién thi; 3. Lép tinh thé I6ng; 4. Lép kinh c6 dién cwc ITO chung; 5. Kinh loc phdn cuc nam
ngang, 6. Gwong phdn xa dnh sdng cho ngwoi quan sdt.
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thiét bi lam mat dén nhiét d6 289+323°K va qua
thiét bi hip phu bang than hoat tinh dé loc sach
khong khi.

Nhiét phan trong méi trwong chdn khéng: So
véi nhiét phan nito, nhiét phan chan khéng dwoc
thuc hién & nhiét d6 thip hon (573°K) va khong
tiéu thu nito. Do dé, khi thai ciia qua trinh nhiét
phén c6 thé tai str dung. Ma va Xu ndm 2013 da
tién hanh nhiét phan cac tim LCD trong noi than
chi c6 nap day, 10 dwoc hit chan khéng dén ap luc
50 Pa, sau dé nhiét phan & nhiét dé 5739K. Cac
chat dé chay va hitu co bi phan hiy thanh khi va
dAu, con cac chat cdn ran bam vao tdm ITO (Ma va
Xu, 2013). Sau d6, thay tinh ITO dwoc nghién
thanh cac hatlam nguyén liéu tho cho qua trinh tai
ché kim loai tiép theo.

2.2.2. Phwong phdp héa ly

Do cac man hinh LCD c6 cAu truc 1ép va dwoc
dan v&i nhau béi chat trdm kin nén mot s6 nha
nghién ctru da dé xuit str dung phwong phap héa
hoc két hop véi vat Iy dé tach mang phan cuc va
tinh thé16ng ra khdi tim ITO. Phwong phap nay da
dwoc chirng minh 1a than thién véi méi treong va
kha thi vé mat ky thuit hon so v&i phwong phap
nhiét phan (Lee va nnk, 2013; Wang va nnk,
2013). Mang phan cuc trong cac man hinh LCD
chii yéu dwoc chia thanh hai loai: cellulose
triacetate va polyvinyl alcohol. Bang cach lam
néng man hinh LCD trong khoang nhiét do
503+513° K, mang phan cuc tré nén mém hon,
phong ra bén ngoai va tir ttr bAm vao tim nén. Cac
chat cdn hitu co con lai bAm trén tAm ITO st dung
ban trai cirng dé€ danh sach, sau d6 dem nghién
nho roi ngdm véi dung dich axéton véi su hd tror
clia s6ng siéu m tin s6 40 kHz, 16p tinh thé 16ng
hau nhw dwocloai bd hoan toan, thu dwoc tAm ITO
sach. Phwong phap nay cé thé loai bo dwoc gan
90% l1&p mang phan cuc (Li va nnk.,, 2009) va loai
bé trén 85% trong lwong tinh thé 16ng. Lwong tinh
thé 16ng sau khi duwoc tach ra sé dwoc tai ché lai
bing phuwong phap chung cit (Lee, 2004).

Phurong phéap héa - ly tiét kiém nang lwong
hon nhwng hiéu suit x 1y lai thidp hon so v&i
phwong phap nhiét phan. Hon nira, axéton 1a chat
c6 doc tinh manh, nén dé giy 6 nhiém moi treong
va lam dnh hwdng dén qua trinh hoa tach sau nay.
Vivay, phwong phap hoéa -1y cling it dwoc str dung.

2.2.3. Phwrong phdp co hoc

Trén thuc t€, khiu nghién min la mot budc
khong thé thiéu dé xtr ly co hoc cac tim LCD phé
thai. Nhiéu nha nghién ctru khang dinh kich thuéc
clia cac hat c6 anh hwéng dén viéc hoa tach bang
axit (Mi va nnk, 1997; 1998). Do d6, qua trinh
nghién min kinh ITO thanh kich thwéc nhé dé giai
phéng mang ITO mdt cach triét dé la rat quan
trong cho cac phan rng hoéa hoc & cong doan tiép
theo. Trong qua trinh nghién bi, thiy tinh ITO bi
nghién min va bé mat cac hat ITO bi ran nit, diéu
nay c6 loi cho qué trinh hoa tach tiép theo (Kim va
nnk.,, 2009). N6i chung kich thwéc hat cang nho thi
hiéu qua thu hoi indi & qua trinh hoa tich cang cao
(Hasegawa va nnk., 2013). Peeters nhin thiy
nghién va hoa tach theo tirng giai doan cho ty 1é
thu héi indi cao va rat kha thi dé thuc hién, nhung
qua trinh nay cho ty 1 thu hoi cac vat liéu co gia tri
khac thip va ton thit nang lwong cao (Peeters va
nnk, 2013).

2.2.4. Phén tdch bang dong dién

Xt 1y co hoc bang qua trinh nghién cting chuwa
hén 1a phwong phép tdi wu d€ giai phong indi vi
ton nang lwong, gy mat mat indi va khong thé tai
ché nén thuy tinh (Zhao va nnk., 2013). Do d6, viéc
ci tién cac cong nghé c6 sin, tao ra buwdc dot pha
cho viéc gidi phongindi la diéu quan trong cho qua
trinh tai ché indi ttr man hinh LCD.

Bang phuwong phéap phan tach dién, tim ITO
dwgc tach khdi man hinh LCD ma khéng cin
nghién. Day la phwong phap rat tiém ning dé tai
ché& man hinh LCD, phwong phap nay khéng tao ra
batky 6 nhiém nao. Co s& ciia phwong phéap nay la
cac vat liéu khac nhau c6 dién tré suat khac nhau
nén cac vat liéu sé phan tach theo ranh gi¢i dién
tré sult cda ching va cac tim trong man LCD sé
tw dong roi ra khéi nhau trong qua trinh phan tach
bing dong dién (Andres va Bialecki, 1986).

Dodbiba va cac cong sw nam 2012, da tién
hanh thi nghiém giai phong tdm ITO ra khoi man
hinh LCD bang phwong phéap phén tach dién. Cac
dién cuc hinh que dwoc n6i may phat xung dién ap
cao, t6i da dén 70 kV. TAm LCD dwoc nhing vao
nwdc va dit gitra hai dién cwc. Sau d6, mau duoc
phén tach bang cach dit mot xung dién ap cao vao
hai dién cwc. Nham danh gia tic dong méi trudong,
trong qua trinh thi nghiém Dodbiba va cac cong sw
da tién hanh so sanh véi qua trinh nghién thong
thwong & hai giai doan dé tach tdm ITO va hoa tach
thu hoi indi. Két qua nghién ctru cho thiy phwong
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phap phan tach dién 1a phit hgp nhat dé giai phong
ITO cho qua trinh hoa tach indi. Phan tach dién
cho phép thu héi triét d€ ITO va nang cao hiéu suit
clia qua trinh hoa tach tiép theo. Pong thoi, tac
dong dén moi trueong chi bang 1/5 so véi phwong
phap khac (Dodbiba va nnk., 2012).

2.3. Thu hoi indi tir tdm ITO

C6 nhiéu quy trinh dé xir ly thu héi indi tir san
phdm ITO thu dwoc sau qua trinh phan hily man
hinh LCD. Tuy nhién, mdi quy trinh déu thich hop
vOi mét phwong phap phin hiy nhit dinh. San
phdm ITO ctia qua trinh nhiét phan c6 thé dwoc xt
ly thu hoi indi v6i do tinh khiét cao bang phwong
phap clorrua hoéa trong moéi trwedng chan khong
hodc phwong phap hoan nguyén bang cacbon
trong chan khong. Trong khi cac hat thiy tinh ITO
thu dwoc tir qua trinh xt Iy co hoc hodc phan tach
dién c6 thé dwoc xt ly tach indi bang phwong
phap luyén kim thuy luyén.

2.3.1. Phwong phdp thily luyén
2.3.1.1. Hoa tach

Hoa tach bang axit 12 mot trong nhitng qua
trinh quan trong nhit khi chiét xuit indi tir ITO.
Ban than ITO tinh khiét chira cac oxit chinh la SnO;
va Inz0s3. Trong dung dich axit, chi c6 oxit indi
In203 tan va oxit thiéc (II) SnO tan nhe, con oxit
thiéc (IV) SnO; khong tan nam lai trong ba. Cac
phan &ng chinh ctia qua trinh hoa tan cda ITO tinh
khiét trong dung dich axit dwoc thé hién & phwong
trinh (1) va (2) (Li va nnk,, 2011):

In203 + 6H* - 2In3* + 3H,0 (D
SnO + 2H* —» Sn# + H,0 (2)

Tuy nhién, sdn pham ITO thu dwoc sau khi
phan hiy man hinh LCD ngoai thiéc va indi con
chira nhiéu kim loai khac nhau nhw thé hién trong
Bang 1. Trong qué trinh hoa tach axit, nhiéu kim
loai ciing hoa tan véi indi vao dung dich. Do d6, can
phai lwa chon loai va néng do6 axit hoa tach phu
hop dé hoa tach indi mot cach chon loc va gidm sw

hoa tan cta cac tap chit, dic biét 1a cac nguyén té
doc hai nhw asen.

Pu va nnk. (2012) da st dung nhiéu loai dung
moi nhw: HCl dac; HCI - H202; HNO3 dac; H2SO04 dac
va H2S0;4 - H20, d€ hoa tan indi tir cac hat ITO. Ho
nhan thiy, ngoai indi thi cac tap chit nhw Al, Sr va
Fe hoa tan dang ké; con cac tap nhu As, Cr, Si, Cu,
Zn, Ti, Sn,... hoa tan mét phan. Nong do indi tan
trong dung dich luén 6n dinh mac 2,83+3,06
mg/L doi véi tit cd dung moi hoa tach (Pu va nnk.,
2012). Kato va nnk. (2013) da tién hanh thi
nghiém hoa tach indi bang dung dich axit HCl & cac
noéng dé khac nhau: 1,60 M (5,0%); 2,4 M (7,5%)
va 3,2 M (10%). Két qua xac nhin gan 90% indi
duoc hoa tan trong dung dich HCI 3,2 M (10%),
trong khi cac tap chat doc hai nhw asen (As) va
antimon (Sb) tan véi lwong nhd. DE kiém soat
lwong kim loai tap cung hoa tan va dam bao hiéu
suit hoa tan indi, cling nhw dé giam lwong axit
trong hoa tach, néng do HC1 2,4 M (7,5%) da dwoc
chon dé lam dung méi hoa tach indi ra khoéi ITO
(Kato va nnk,, 2013). Biéu nay da chirng minh indi
c6 thé hoa tach tot bang axit.

Ruan va nnk. (2012) da nghién ctru st dung
axit HNO3 va H,SO4 d€ so sanh véi axit HCl va
khing dinh dwoc dung dich axit H,S04 1 thich hop
nhit dé hoa tach indi tir sdn pham ITO. Két qua
khdao sat trong diéu kién hoa tach axit H,SO4 & ty
16 L/S=1/1, nhiét do hoa tach 433°K, thoi gian hoa
tach 1 gio thi hiéu suit hoa tach indi dat 91,5% va
murc do tap chat cung hoa tan 1a thip nhat (Ruan
va nnk,, 2012). Tiép d6, Wang va céng sw da
nghién ctru t6i wu héa qua trinh hoa tach indi bang
axit sunfuric (béi axit H.SO4 hiéu qua, lai chi phi
thap) bang cach diéu chinh ba bién doc 1ap bao
gom: thoi gian (z1); nhiét do (z2) va nong do axit
(z3). Két qua da dwa ra dwoc quy luat anh hwdong
cta ba thong so (thoi gian; nhiét d6 va néng do
axit) téi hiéu suit hoa tach indi theo céng thirc (3)
(Wang va nnk.,, 2013):

k

Kk k K-
W:¢90+Z(9izi+20iizf+izajzizj 3)
i=1 i=1

i-1 j=2

Bdng 1. Thanh phdn va ty 1é cdc nguyén té co trong tdm kinh ITO (Pu va cdng sw, 2012).

Nguyén | Si Al Ca | Sr | Ba | Fe
to

As K Zn Ti In Cu Sn Cr

14,37 | 9,58 | 3,43 | 0,85 | 0,34

% 69,78

0,90

0,34 | 0,18 | 0,13 | 0,06 | 0,02 | 0,01 | 0,01
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Trong d6: w - hiéu sudt hoa tach indi (%); z: -
gia tri dau vao cla thoi gian (phut); z; - gia tri dau
vao clia nhiét do (°C); zs - gia tri ddu vao ctia nong
do axit (mol/L) va 6i1a hang sé.

Theo cong thirc (3), & diéu kién xt Iy t6i wu:
thoi gian hoa tach 42,2 phut; nhiét do & 65,60C va
nong d6 axit la 0,6 mol/L thi hiéu suit hoa tach
indi 1én dén 100% (Wang va nnk., 2013).

Ngoai ra, nghién ctru cda Pu ciing cho thay Al
va Sr dé bi hoa tan bang axit HCI dic; trong khi axit
HNOs dic va axit H2SO4 ddc thi ndng do cta Al va
Sr hoa tan thdp hon (Pu va nnk, 2012). Hon nita,
sw két hop clia axit manh va axit oxy héa manh sé
hé tro ngan chin Sn0; bi khir oxy thanh Sn0. SnO
12 chit c6 kha nang bi hoa tan trong axit theo phan
rng (2). Tuy nhién, axit HNO3 d4t hon axit HCI, do
d6 dé gidm bt axit HNO3, Li va nnk. (2009) da
chon hdn hop dung dich axit c6 thanh phan t6i wu
la HCl: H,0: HNO3 =45: 50: 5 dé hoa tan toi da indj,
déng thoi han ché dwgc cac kim loai Sn, Al va Sr
cung hoa tan vao dung dich.

2.3.1.2. biéu ché dung dich indi sach

Dung dich sau hoa tach ngoai chira ion indi
con cé cac ion kim loai tap khac cting hoa tan. Do
dé6, dé tach riéng indi c6 do sach cao, nhat thiét
phai khi¥ tap chit hodc tach riéng va lam giau indi
sang mét dung dich c6 d6 sach cao. Qua trinh nay
c6 thé thuc hién bang phwong phap chiét ly 1ong
hodc phwong phap trao doi ion.

Chiétly I6ng: Pay la phwong phap pho bién st
dung dé phan chia va lam giau ion kim loai trong
dung dich nghéo. Phwong phap nay gdém hai qua
trinh: qua trinh chiét va qua trinh giai chiét. Qua
trinh chiét la sir dung mot dung méi hiru co (goi la
chat chiét) cho vao dung dich hoa tach va khuiy
déu; ion indi sé hap phu chon loc vao pha hitu co
& mot gia tri pH nhat dinh. Sau d6, dé1dng, pha hitu
co chra indi (goi 1a pha hitu co c6 tai) nhe hon sé
néi lén va tach khoi dung dich hoa tach ban dau.
Pha hitu co c6 tai dwoc dwa sang qua trinh thi hai:
giai chiét bang dung moi thich hop dé tach indi do
tinh khiét cao va tuan hoan lai pha hitu co cho qua
trinh chiét. Cac chat chiét hiru co hay dwoc st
dung dé tach indi ra khdi dung dich hoa tach axit
nhw: Tributyl Phosphate (TBP), Cyanex 272, bis-
2,2-ethylhexyl = Phosphate  (D2EHPA), 2-
etylhexylphosphonic mono-2- ethylhexyl ester va
Cyanex 923 (Li va nnk., 2014; Schaeffer va nnk,,
2017).

Yang (2012) da nghién ctru qua trinh hoa tach
indi tir ITO bang dung dich H2S04 0,5+1,5 mol/L
va chiét ly indi bang axit photphoric di-2-
ethylhexyl (P;04). Ty 1é chat chiét/dung dich
(0/A) 1a 1/(3+9). Sau qua trinh chiét, dung méi
hitu co (chiraion indi) dwoc dem di gidi chiét bang
dung dich axit HCl 4 mol/L véi ty 1é: pha hitu
co/dung dich HC1 4M (0O/A) 1a 5/1 trong 15 phut.
Ty 1é tach indi vao dung dich HCI dat t&i 97,06%
va dung moéi hiru co sau giai chiét dwoc tudn hoan
lai cho qua trinh chiét ban dau (Yang 2012). Yang
vannk. (2013) d4 tiép tuc st dung nhiéu chat chiét
ly khac nhau bao gom TBP, DEHPA, va Cyanex 923
hodc Cyanex 272 dé chiét tach indi trong dung
dich hoa tach bang axit clohydric va axit sulfuaric.
Két qua la trén 99% indi dwoc chiét taich va dé
sach indi trong dung dich chiét dat 90% (Yang va
nnk.,, 2013). Mot nghién ctru twong tw cho qua
trinh chiét ly indi trong dung dich hoa tach indi ti
ITO bang H,S04 v6i ty 1€ 16ng/ranla 1: 1. Qua trinh
chiét str dung chat chiét 1a D2EHPA 30% v&i ty 1é
0/A1a 1/5. Qua trinh chiét hoan thanh chi trong 5
phut. Sau dd, pha hitu co chira indi dwoc dem di
giai chiét bang HCl 4M. Hiéu suit chiét indi d6 sach
cao vao dung dich HCl 4M dat trén 97% (Ruan va
nnk, 2012).

Trao dé6i ion: Quy trinh cong nghé thay luyén
truyén thong thwong tach indi trong dung dich
bang phwong phap chiét ly. Tuy nhién, phwong
phap nay c6 nhuwgc diém 1a phai xt ly lwvgng dung
moi thai lém cé chiva ion kim loai tap sau giai doan
chiét. Ngworc lai, 4p dung phwong phap trao déi
ion dé tach indi khoi LCD thai 1a mét trong nhirng
ky thuat tich méi hiéu qua va tiét kiém nang
lwong. Ban chit cia phwong phap trao doi ion la
st dung mot loai ionit, thwong la nhwa hitu cor (la
chatrin cao phan tit) c6 kha ning trao d6i ion ctia
né voi ion kim loai trong dung dich hoa tach.
Phwong phap nay ngay cang tré nén phd bién vi
kha nang trao ddi ion trong dung dich v&i dung
lwong lén va thoi gian phéan (g ngén. Inoune va
cong sw da nghién ctru hoa tach cac tim LCD bang
axit HCl ddm dic hodc nwédc cwdong toan, va chiét
tach bang tri-alkyl phosphine oxide (TRPO). Sau
d6, dung dich hoa tach chira indi dwoc chay lan
lwot qua hai cot ionit: cot thir nhit chira Cyanex
923 va cot thir hai chira Al-iquat 336. K&t qua XRD
cho thay Cyanex 923 hip phu indi trong cdt mét
cach chon loc, trong khi Al-iquat 336 hap phu cac
kim loai tap chat con lai, chang han nhu Fe, Zn va
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Sn. Dung dich sau trao déi ion dwoc khir hoan toan
ion kim loai nén c6 thé tuan hoan lai cho qua trinh
hoa tach hodc trung hoa roi thai bo. Cot Cyanex
923 ¢6 chira indi dwgc dem di gidi chiét bang dung
moi axit HSO4 va dwa thu hoi indi. Nhwa Cyanex
923 dwoc rira nwdc va st dung lai cho qua trinh
trao do6i (Inoune va Nishirua, 2008).

2.3.1.3. Thu héi indi tir dung dich sach

Sau qua trinh chiét ly hodc trao déi ion, thu
dwoc dung dich sach chira indi ham lwong cao.
Dung dich nay dwgc dem di thu hoi indi bang cac
phwong phap pho bién nhw két tia hodc xi mang
héa. Qua trinh két tda indi ttr dung dich thwong
thuc hién & diéu kién pH = 6+7 trong khodng thoi
gian 60 phut. Khi dé indi sé két tia dang hydroxit
theo phan (rng (4) v6i hiéu suit két tha dat trén
97% (Jiang va nnk. 2011).

In** + 3H;0 = In(OH)sd + 3H+  (4)

Qua trinh xi mang hoda cling hay dworc sir dung
dé thu hoi indi kim loai trong dung dich sach. Chat
xi midng hoa dwoc duing 1a bot kém kim loai & diéu
kién pH = 3, nhiét do 25°C va thoi gian xi mang hda
7 gio. Trong diéu kién nay, thu dwoc bot indi kim
loai d6 sach cao véi hiéu sut thu héi indi dat 97%
(Debabrata Pradhan va nnk., 2018).

2.3.2. Phirong phdp clorua hoa

Clorua hoa la mdt phwong phap théng dung
dé thu hoi cac kim loai c6 gia tri tir quang hay vat
liéu phé thai (Jung va Osako, 2007; Murase va
nnk., 1996). San pham ITO thu dwgc sau khi nhiét
phan man hinh LCD phé thai sé dwoc dwa vao binh
c6 hai ngan, trong méi treong chan khéng. Ngan
thir nhat chira ITO, dwoc suc khi HCI dé€ clorua héa
trong thoi gian 90 phat & 9739 K. Khi d6 indi bi
clorua héa tao ra clorua indi thang hoa va dwoc
mé van din sang ngan thit hai. O day natri hydrat
dwoc str dung dé hap phu thu hoi indi clorua. San
pham clorua indi thu dwoc sau ngung tu ¢6 do tinh
khiét cao v&i hiéu suit thu hoi indi dat 96%.

Ma va nnk. (2012) da str dung mot tac nhan
clo méi la amoni clorua (NH4Cl) thay vi khi hydro
clorua. Piéu kién t6i wu cho phan tng clorua héa
la & 6739K va ty 1€ mol clo trong NH4Cl so véi indi
c6 trong nguyén liéu ITO ban dau la 6:1 (Cl/In)
trong thoi gian 10 phit va moi triedng chan khong
dwoc kiém soat & khoang 0,09 MPa. Két qua, trén

98,02% indi dwoc thu héi, trong d6 do tinh khiét
cta indi clorua (InCls) dat t&i 99,50 %.

2.3.3. Phwong phdp hoan nguyén

Nam 2014, Trung Qudc da phat trién mot
phwong phap hoan nguyén oxit indi bang carbon
trong moi trwong chan khéng (He va nnk., 2014).
bay 1a phwong phap don gian va than thién véi
moi tredng, Trwde tién d€ mo phong, tinh toan vé
mat nhiét déng hoc va dong hoc, qua trinh thi
nghiém hoan nguyén dworc thuce hién véi oxit indi
tinh khiét. Cac két qua chi ra rang indi c6 thé dwoc
hoan nguyén ra ttr oxit indi khi st dung carbon
lam chit khir trong moi triedng chin khong. biéu
kién thi nghiém dién ra & nhiét do 1.223°K, 50%
trong lwong carbon, thoi gian hoan nguyén 30
phut va moéi trweong chan khéng & 4p suat 1 Pa
dwoc xac nhan 1a diéu kién t6i wu cho phan rng
hoan nguyén oxit indi nguyén chit nhw phan tng
(5) va san pham indi thu dwgc trong viing ngung
tu ¢ do tinh khiét cao.

In203 + 3C — 2In(s) + 3CO(g)

AG1223K = -79 k] /mol 5)
Sn0; + 2C — Sn(s) + 2C0(g)
AG1223K = -4 x 105 kJ /mol (6)

Vé mat nhiét déng hoc, trong qua trinh nay
oxit thiéc cling dwoc hoan nguyén theo phan rng
(6). Tuy nhién, 4p sudthoi ctia thiéc chi bang 0,002
Pa; thap hon nhiéu so véi indi (khoang 1 Pa) &
1.223°K. Do d4, thiéc dwoc hoan nguyén ra nhung
khong bay hoi, ndm lai trong nguyén liéu dau. Ty
1 thu hoi cta thiéc thap, khodng 15% (vi ap suit
hoi bdo hoa thap). Do d6, sdn pham indi thu dwoc
c6 d6 sach cao, 14n it tap chat thiéc.

Trong thi nghiém thuc t€, sdn pham ITO dwoc
nghién véi kich thwéc hat nho hon 0,3 mm va tron
déu véi 30% trong lwong bot than cbc, cho vao
thuyén sir dat trong 6ng thach anh ctia 10 6ng. Tiép
theo, nung néng 6ng thach anh dén 1.223°K trong
30 phit & diéu kién 1 Pa trong moi treong chan
khéng. Két qua thu dugc indi kim loai véi hiéu
sudt thu hoi dat 90%. Qua trinh nay khac véi qua
trinh clorua héa chan khéng, vi né khéng tao ra
bét ctr thir gi nguy hiém va indi kim loai thu dworc
c6 thé dwoc str dung truc tiép.

2.3.4. Phwong phdp vi sinh

Higashi thu héi indi tir cAc tAim LCD phé thai
bang cach str dung mdt loai vi sinh vat goi 1 to
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Shewanella c6 thé hap thu indi. Cic tdim LCD phé
thai dwgc hoa tach béi HCI trong 5 phuat & 373°K
va & ap suit 198 MPa. Sau do, tdo Shewanella
dwoc dwa vao dung dich dé hap phu indi. Khoang
10x 10-6+100 x 106 % In dwgrc tap trung trong 30
mm tdo Shewanella. Mirc d0 lam giau indi dat 680
l4n. Phwong phap vi sinh dé tai ché indi tir man
hinh LCD phé thai da phat trién hoan thién véi mot
quy trinh ngin hon so véi cac phwong phap phan
tdch khac trong phong thi nghiém. Tuy nhién,
phwong phap nay khong thich hgp ap dung quy
mo 1ém vi vi sinh vt kho ton tai thoi gian dai
(Higashi va nnk., 2011).

2.3.5. Uu nhwoc diém clia cdc phwong phdp thu hdi
indi ttr tdm ITO

Qua téng hop nhirng phwong phap thu héi
indi tir tAm ITO, c6 thé dwa ra mét s6 wu nhwoc
diém chinh sau:

- Phuong phap thay luyén c6 wu diém 1a dé
tién hanh, chi phi thap, hiéu suit thu héi indi cao
va da dwoc ing dung trong thwec té tai ché indi cia
cong ty Sharp Corporation theo quy trinh céng
nghé: Hoa tach - Trao d6i ion - Két tiia. Tuy nhién,
phuwong phap nay ciing ¢ nhwgc diém la cong
nghé kéo dai qua nhiéu khau xtr 1y.

- Phwong phép clorua héa véi wu diém ngin
gon it khau cong nghé, hiéu suat thu héi indi cao;
nhung trong qua trinh tai ché sinh ra khi doc (clo)
cin phai xtr ly. Hon nira, san phdm thu dwoc la
clorua indi nén phai c6 bwdc xtr 1y tiép theo dé thu
indi kim loai.

- Phwong phap hoan nguyén bang carbon
trong moi treomg chin khong c6 nhiéu trién vong
véi nhitng wu diém: quy trinh ngin gon, thoi gian
tai ché nhanh va it 6 nhiém méi trwomg. Tuy nhién,
phwong phap nay c6 nhuwgc diém la hiéu suat thu
hoi indi thap va doi héi yéu cau cao vé nguyén liéu
ITO dwa vao hoan nguyén nhw: chat lwong cao,
chira it tap chat.

- Phwong phap vi sinh mac du don gian trong
quy mo phong thi nghiém, nhwng gdp nhiéu khé
khan khi trién khai vao thuc tién. Dac biét1a sw ton
tai ctia vi sinh trong diéu kién thwc, do d6 thoi gian
tién hanh thwong kéo dai, khdng phu hgp quy mo
l6m.

3. bé xudt mdt vai quy trinh cong nghé tai
ché indi ttr man hinh LCD cho Viét Nam

Tai Viét nam lwong chat thai dién tlr m6i nim

phat sinh khoang 100.000 tin, nhw viy rac thai
dién tir ton dong trong nuwére 1a khong hé nhé. bay
c6 thé coi la ngudén nguyén liéu tai ché quy gia. Tuy
nhién, hé thong quan ly va thu gom rac thai dién
tlr con nhiéu bat cip. Cac co s& tai ché rac thai dién
tir chd yéu hoat dong tai cac lang nghé véi cong
nghé thu cong, lac hau. Gay anh hwéng nghiém
trong dén moi treong, hiéu qua thu hoi cac chit cd
ich thap, bo di nhiéu kim loai va vat liéu quy. Cong
nghé thu hoi indi tr man hinh LCD khéng qua
phrc tap, ma khé khan nhat 1a khau thu gom rac
thai dién tir d€ du cong sudt hoat déng. Sau khi
nghién ctru cac ky thuat trong tirng cong doan tai
ché indi ttr man hinh LCD phé thai, nh6m tac gia
dé xuit hai quy trinh c6ng nghé thu héi indi tir
man hinh LCD phé thai dé ap dung cho thuec té tai
Viét Nam.

3.1. Quy trinh két ho’p giiva nhiét phan va clorua
héa trong chdn khéng

So d6 cong nghé tai ché indi tir man hinh LCD
phé thai két hop gitra qua trinh nhiét phan va
clorua héa trong méi trwedng chin khéng (xem
Hinh 4). TAm LCD phé thai dwgc x ly bang
phwong phap nhiét phan chan khong trong 10 &

Man hinh LCD

Nhiét phéon chan khong
300 C; 50Pa
\ 4 +_ A\
Diau Ba Khi

Rira

\{
Bun thai chra
chdt hiru co

A\
Té'rllTO

Nghién xudng -0,16mm

i:

Clo héa trong chan khéng,
450°C, 50% khdi lwgng NH,4CI

Y. \j
Khi Thuy tinh

Ngung tu & 186°C

Y y_NH,C
Khi >

Ngungtu & 112°C

InCl,

Hinh 4. Quy trinh tdi ché¢ man hinh LCD phé
thdi bdng cong nghé nhiét phdn va clorua
héa trong méi trwong chdn khéng.
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3000C véi ap sudt 50 Pa. DAu tién, cac vatliéu hiru
co dwoc chuyén hoa thanh dau va khi nhiét. Phan
con lai cia qua trinh nhiét phan dwoc riva va loc
dé thu dugc thiy tinh ITO lam nguyén liéu dé thu
héi indi. Sau d6, tim ITO dwoc nghién nhé hon
0,16 mm dé chuén bi cho qua trinh clorua hoéa
trong moi tredng chan khong. Qua trinh clorua
héa dwoc thue hién & nhiét d6 450°C va cho thém
50% NH4Cl theo khéi lwong. Trong qua trinh
clorua héa, indi bi chuyén sang dang InCls va & pha
khi, pha ran con lai 1a thay tinh. Khi clorua héa
chira InCl; va NH4Cl, dwgc dem ngung tu & nhiét
d6 186°C dé thu hoi NH4Cl va ngung tu & nhiét do
1120C dé thu hoi InCls. Dién phan InCls sé thu hoi
dwockimloai indi. Quy trinh nay ¢6 wu diém la tiét
kiém ning lwong, thoi gian thwe ngin, NH4Cl dwoc
tai sir dung, ngoai ra con thu h6i dwoc nhién liéu &
dang long va khi. Tuy nhién, quy trinh méi chi cho
ra InCl; va khi thai cda qua trinh clorua héa van
chi¥a clo va nhiét cao nén can phai xtt ly truée khi
thai ra moi trueong.

3.2. Quy trinh két hop giiva tién xiv ly héa hoc két
hop véi hoa tach bang axit va dién phéan

Céng nghé nay cho phép khong can nghién
nat cac tdim LCD va loai bd bit ct thi gi c6 gia tri
trong qua trinh thu héi tim ITO, so @6 cong nghé
& Hinh 5. DAu tién, cac tAim LCD dwoc ngdm trong
axéton trong 4 gio' d€ hoa tan 16p keo dé mang
phén cuc bi bong ra dé dang. Lép nén thay tinh
phia trén dwoc tach roi voilép nén phia dudi bang
cach thu céng hodc co hoc. Sau d6, dé thay tinh
chira hai 16p ITO va xen giita 1a 16p tinh thé 16ng,
dwoc ngdm trong axéton trong 15 phut dé hoa tan
tinh thé 16ng. Thu dworc ba chira thiy tinh ITO sach
va dung dich chira tinh thé 16ng dwoc dem di tai
ché. Thuy tinh ITO dwoc ngdm 3 gi¢ trong dung
dich axit sulfuric (200 g/L) v&i sw c6 mat mangan
dioxit. Tiép theo, bé sung vao dung dich chit chiét
xudt c6 tinh axit dé gitt In3+ trong dung dich, roi
thay thé In3+ bang thanh kém. Dién phan thanh
kém sé thu dwoc indi kim loai. Pu diém cda
phwong phap nay la toén it ning lwong hon so véi

Man hinh LCD

i Théo do thi cong

T4m LCD

Ngam trong dung dich |«
axéton trong vong 4 gio

Loai bo mang phan cuc

Ngam trong dung dich axéton trong vong 15 phut

\
T4m ITO
Hoa tach bing H2S0,va
MnO2, & 90°C
\) \
Dung dich chira In Ba thuy tinh

'

| Xi mang hda va dién phan

v

Kim loai indi

Y

Chat 1ong tan trong axétoén

Y

Chung cat

axéton

\j
Tinh thé l6ng

Y

Hinh 5. Quy trinh tdi ché man hinh LCD phé thdi bdang céng nghé tién xir ly héa hoc, thuy luyén va
dién phdn
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phwong phéap nhiét; qua trinh tai ché ngoai viéc
thu héi dwoc indi con thu dworc cic vat liéu co gia
tri bao gom tinh thé 16ng, chat nén thuy tinh;
khong chira khi thai doc hai. Tuy nhién, axéton dé
bay hoi va c6 doc tinh nén viéc st dung can phai
dam bao an toan.

4.Két ludn

So sanh cac ki thuat trong tirng cong doan tai
ché indi tir man hinh LCD phé thai, trén nhirng mat
wu nhwoc diém, nhom tac gia, dé xuat nhirng ky
thuat dang duoc quan tim dé co6 thé ap dung vao
thuc té san xudt.

Thao d&1a budc dau tién dé tai ché indium tir
man hinh LCD phé thai. D€ thiét ké mot cong nghé
thdo d& phu hop, trueéc hét can cha y loai b cac
vat liéu doc hai va nguy hiém. Vi du, Hg trong dén
nén, 1am 6 nhiém cac thanh phan c6 thé tai ché
khac khi dwoc xtr ly khong ding cach. Mat khac,
can gidm thoi gian thao d& va cai thién lgi nhudn
kinh té ctia viéc tai ché. Cong nghé thao d& tw dong
c6 thé dworc thiét ké trén co s& xtr Iy co hoc va tai
ché tit ca cac thanh phin c6 thé tai ché. Phuwong
an nay, c6 vé phu hgp hon vi hiéu qua cao va tiét
kiém chi phi lao dong d6i véi quy mo 1én cia cac
man hinh LCD phé thai.

Téch indi khoi LCD thai la phan quan trong
nhat dé tai ché indi c6 do tinh khiét cao. Nhw da dé
cap & trén, qua trinh khitr cacbon trong chan khong
thu dwoc oxit indi truec tiép, thay vi clorua indi thu
dwoc bang phwong phép clorua héa trong chan
khong dang phat trién manh. Qua trinh xt 1y cac
tdm LCD phé thai bang phwong phap hda va hoa
tach indi bang axit, hién dang dwoc quan tim
nhiéu hon vi mic tiéu thu nang lwong it hon.

Cacnghién ctru hién nay, hau hét chitip trung
vao mot trong nhirng vat liéu cé gia tri nhw mang
phén cuc, tinh thé 16ng va indi. Hon nita, cac bién
phap phong nglra twong &ng dé tranh ro ri thay
ngin hau nhw khéng dwgc dé cip va viéc tai ché
tinh thé 16ng con bi bd s6t trong mot s6 quy trinh.
Trén thuc té€, mét quy trinh tai ché thich hop cin
tai ché dwoc cang nhiéu vat liéu c6 gia tri cang tét
bao gbm: viéc thao d& bong dén huynh quang, tai
ché ban mach, ciing nhw tii ché tinh thé long
nguyén chit va chit nén thuy tinh.

T nhitng nghién ctru trén, nhém tac gia nhan
thdy: “quy trinh tai ch€ man hinh LCD bing cong
nghé tién xtr Iy hoa hoc, thuy luyén va dién phan”
la quy trinh pht hgp hon ca cho diéu kién tai Viét

Nam. Chuing thich hop cho quy mé nhé, cong nghé
don gian, dé dang dau tw va lip dit day chuyeén,
ngoai indi con thu dwgc nhiéu vat liéu c6 gia tri
khac va than thién véi méi treong.

Trén thuec té, ¢ rat nhiéu kim loai khac c6 thé
dwoc thu héi trong man hinh LCD phé thai. Tuy
nhién, trong thuc té€ va cac nghién ctru hién nay
mai chi tip trung vao mang phan cuec, tinh thé16ng
va indi, do d6, cin c6 nghién clru mé réng sang
viéc thu hoi cic kim loai quy hon nhw: Ge, Ta va Ti.

Péng gop cua tac gia
Tac gia Pham Van Luén tong hop tai liéy, 1én

y twdng va viét cac phan chinh. Tac gia Tran Trung
T6i bién tap lai va viét phan 2.3.
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