Nghién ciru

NGHIEN CUU TIEN XU LY MAU VA LUA CHON PIEU KIEN
THICH HQP CHO QUA TRINH HOA TACH NHOM (AL)
TU TAM PIN NANG LUQNG MAT TROI

Nguyén Thanh Trung’, Trinh Kim Yén
Truong Pai hoc Tai nguyén va Méi truong Ha Noi
Tém tit
Bai bdo nay trinh bay két qua thuwe nghiém vé qud trinh tién xir 1y mdau va hoa tach
kim logi nhom (Al) tir cdc tam pin ndang heong mdt troi. Trong nghién cieu nay, tam pin
nang luong mdt troi dwoc lam sach bé mdt, cdt nhé va tién hanh tién xir ly nham tach
tam kinh cwong lyc ra khéi bé mat pin nang lwong mdt troi. Phan con lai dwoc nung,
nghién nhoé, thu dwege bét min dé tién hanh hoa tach Al. Két qua thwe nghiém cho thay
qud trinh tién xir Iy bang dung méi Toluen ¢ 450 °C da thu dwoc 54,4 % kinh cuong
liee va 12,3 % soi kim logi, phan con lai dang bt chiém 33,3 %. Mau sau khi tién xir
Iy dwoc hoa tach bang dung dich NaOH 5 M theo phwong phdp vé co héa wot. Két qua
nghién civu chi ra rang ty 1é ran/long (R:L) phit hop la 1 g mau/15 mL NaOH 5 M, dat
hiéu sudt hoa tan 65,5 %. Thoi gian hoa tan dwoc lwva chon la 60 phut o nhiét do 60 °C,
cho hiéu sudt hoa tan dat 76,2 %.
Tir khéa: Pin niang luong mat troi; Hoa tach nhom (Al); Tién xir Iy.
Abstract
Study on sample pre-treatment and selection of optimal conditions for aluminum
(Al) leaching from solar panel modules
This paper presents the experimental results on the sample pre-treatment process
and aluminum (Al) extraction from solar panel modules. In this study, the solar panel
modules were cleaned, cut into small pieces, and pre-treated to separate the tempered
glass from the surface of the solar panel modules. The remaining material was then
heated, ground into fine powder, and used for aluminum extraction. Experimental
results show that the pre-treatment process with Toluene solvent at 450 °C resulted in
54.4 % tempered glass and 12.3 % metal fibers, with the remaining powder accounting
for 33.3 %. The pre-treated samples were then subjected to aluminum extraction using
a NaOH 5 M solution through wet inorganic dissolution. The research indicates that
the optimal solid-to-liquid (S:L) ratio is 1 g sample/15 mL NaOH 5 M, achieving a
dissolution efficiency of 65.5 %. The chosen dissolution time was 60 minutes at 60 °C,
yielding a dissolution efficiency of 76.2 %.
Keywords: Solar Panel Modules; Aluminum extraction; Pre-treatment process.
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Nghién cuu
1. Pit van dé

Trudc tinh trang 6 nhiém mdi truong
va thiéu hut nang luong, nhiéu qudc gia
uu tién phat trién cdc cong nghé ning
lugng sach va tai tao, vi thé cong ngh¢
san xuat dién tur nang luong mat troi1 dugc
coi 1a mdt trong nhiing cong nghé san
xut nang luong day htra hen va phat trién
trong nhitng nam gan day [1]. Trong thap
ky qua, cong ngh¢ dién mat tro1 (BDMT)
da tré thanh moét giai phdp quan trong
trong chién lugc phat trién ning luong
bén vimng cua nhiéu qudc gia. Viée xay
dung cac nha may PMT quy mo 16n da
dan dén su gia tang s6 lugng tim pin ning
lugng mat troi (PMT) cii bi thai bo khi
khéng con hiéu qua st dung. Diéu nay tao
ra mot luong 16n chét thai rén, trong do
) lugng PMT hét han st dung hodc bi hu
hong dang ngay cang gia tang. Tudi tho
trung binh cua tAm pin mat troi 1a khoang

2. Phwong phap nghién ciru

2.1. Tién xir Iy méu

d. Méu sau khi nung

e. Méu sau khi tich

25 - 30 nam, chinh vi vay luong chét thai
tao ra tr nha may DMT la rat dang ké [2].
Nhiéu nghién ctu di chi ra rang, thanh
phan chinh cua tim PMT thai bao gdm:
Kinh cuong luc (61 - 63 %); Hop kim
nhom (11 - 13 %); Hop ndi, day dan dién
(10 - 13 %); EVA (6 - 8 %), nhua nén (xap
xi 3 %) va té bao quang dién (3 - 4 %) [3,
4]. Trong té bao quang dién c6 chita nhiéu
kim loai cé gia tri nhu Al, Ag, Cu, cling
nhu cac kim loai d§c hai nhu Pb, Cr, As.
Céc kim loai nay c6 thé gy anh huong
nghiém trong dén moi trudng néu khong
duoc quan 1y va xir Iy dung cach [5]. Xuét
phat tir nhitng vin dé néu trén muc dich
clia nghién ctru ndy nham dua ra quy trinh
tién xir Iy PMT va xac dinh diéu kién phu
hop dé hoa tach nhom (Al) trong PMT.
Két qua nghién ctru s& cung cap thong tin
khoa hoc va co s& dit liéu can thiét cho
qua trinh tai ché va thu hdi kim loai tir céc
tAm pin ning lwong mat troi

f. Mdu bt min

Hinh 1: Mdu pin ndng lwong mdt tréi sau qud trinh tién xir Iy
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Tam PMT ban dau c6 kich thudc
1,2 x 1,5 m da duoc boéc tach khung bao
vé, duoc lam sach bé mat, sau d6 cét
thanh c4c tim nhé c6 kich thude 5 x 5 cm.
Cac mau nay dugc ngam trong dung dich
Toluen, tiép theo d6 duoc nung & nhiét do
450 °C trong thoi gian 60 phut.

Sau qua trinh nung, mau duoc tach
riéng 16p kinh cuong luc, thu hdi cac soi
hop kim nhom, phén con lai la ban mach
dugc nghién nho bang thiét bi nghién cdi
dén kich thuéc hat nho hon 0,25 mm.
Mau bot dugce str dung cho cac thi nghiém
khao sat nham t6i uvu héa qua trinh hoa
tach nhom [6, 7]. Cac bude tién xtr Iy mau
dugc trinh bay trong so d6 (Hinh 1).

2.2. Bé tri thi nghi¢m hoa tach nhom

- Khao sat ham lwong mot 6 kim loai
trong mdu ban dau

Mau bot PMT sau khi dugc nghién
nhé dén kich thude hat < 0,25 mm dugc
str dung dé phan tich ham luong mot sd
kim loai nhu Al, Ag, Cu va Pb. Phép phan
tich dugc thuc hién bang ky thuat pho tan
sic nang luong tia X (EDX) [8].

- Khao sat lva chon n5ng do NaOH
trong qua trinh hoa tan Al

+ Qua trinh khéo sat duoc thuc hién
vO1 5 muc néng do dung dich NaOH: 0,1
M; 0,5 M; 1 M; 5 M va 10 M. Mdi mau
dugc hoa tan trong 10 mL dung dich, gia
nhiét & 90 °C trong 45 phit va khudy déu
lién tuc. Sau phan tmg, hon hop duoc loc,
trang rira va dinh muc bang nudce khi ion.

+ Ty 18 giita khdi luong mau ran (gam)
va thé tich dung dich (mL) duogc khao sat
véi bon mue: 1:5, 1:10, 1:15 va 1:20. Mdi
ty 1& duoc sir dung dé danh gia anh huong
dén hiéu suit hoa tan nhom trong diéu kién
giit nguyén céc thong sb khéc.

Nghién ciru

+ Thoi gian phan tng dugc khao sat
Vo1 cac muec: 15 phat, 30 phut, 45 phut, 60
phtt va 90 phiit, nham xéc dinh thoi diém
t6i wu cho qua trinh hoa tach.

+ Qua trinh hoa tan dugc thuc hién
& bbén mirc nhiét do: 45 °C, 60 °C, 90 °C
va 120 °C dé x4c dinh nhiét do t6i wu cho
phan ung.

Trong mdi thi nghiém, mot lugng mau
duoc can chinh xéc véi sai s6 = 0,0001 g,
sau d6 thuc hién qua trinh hoa tan theo
phuong phap vé co hoéa uét. Hon hop sau
phan tng duogc loc chan khong bang gidy
loc chiu axit ¢6 kich thudc 16 45 pm.

- Xac dinh ham luong nhom (Al)

Dung dich thu dugc sau qua trinh loc
trong thi nghiém hoa tan dugc sir dung dé
phan tich ham lugng nhom (Al) tai Phong
thi nghiém Moi trudong, Truong Pai hoc
Tai nguyén va Moi truong Ha N1, phép
phan tich dugc thuc hién bang k¥ thuat
quang pho phat xa plasma cam Gng cao
tan (ICP-OES - Inductively Coupled
Plasma Optical Emission Spectrometry)
theo EPA Method 6010D [9].

2.3. Phwong phdp xir Iy so liéu
* Ham luong nhom (Al) co trong PMT:
Y = 22 %100 (%)

trong d6: - Y 1a ham luong Al trong mau
phén tich (%)

- C landng do Al c6 trong miu (g/L)

-V 1a thé tich dung dich loc (L)

- W 1a khéi luong ciia mau dem hoa
tach (g)

* Hiéu sudt hoa tdch nhom (Al):

M

H=E %X 100 (%)

trong do: - H 1a hiéu suit hoa tach
kim loai Al ra khoi PMT (%)
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Nghién cuu

- M, 1a khéi lugng kim loai thu dugc
sau khi hoa tach (g)

- M, 1a khéi lugng kim loai c6 trong
mau ban dau (g)

3. Két qua va thio luin

3.1. Két qua tién xiv Iy phin tich
mot so thanh phin trong pin nang luong
mdt troi

Khi ngdm mau trong dung méi
Toluene, 16p nhya EVA (Ethylene Vinyl
Acetate) bi phdng 1én, 1am suy yéu lién
két gitra 16p kinh cudng luc va bé mat tim
PMT. Nho d6, qua trinh tién xir ly da tach
duoc 54,4 % kinh cuong lyc va 12,3 % soi
kim loai. Phan con lai, chiém 33,3 %, bao
gdém dé ban mach, té bao quang dién va
phan nhya EVA chua loai bo hoan toan.
Két qua cho thay cac kim loai co gia tri
chu yéu tap trung trong phan té bao quang
dién. Do d6, dé tach nhom (Al), phan con
lai sau tién xir ly duoc nghién min dén
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kich thuée hat < 0,25 mm va tién hanh
hoa tan trong dung dich NaOH. Dung
dich sau hoa tan dugc dem phan tich ham
luong Al bang ky thuat ICP-OES.

3.2. Khdo sdt lwa chon nong dé
NaOH dé hoa tan Al trong PMT

Hiéu suit hoa tan nhom (Al) phu
thuoc dang ké vao nong do6 dung dich
NaOH st dung. Két qua thi nghiém cho
théiy, tai néng dd NaOH 0,1 M, kha nang
hoa tan Al rét thap, hiéu suit thu dugc chi
dat 16,8 %. Khi nong d6 NaOH tang, hiéu
sudt hoa tan ciing tang theo ty 1& thuan.
Gi4 tri hiéu suét hoa tan Al dat cao nhat
13 59,9 % tai nong d6 5 M. Tuy nhién, khi
tiép tuc tang néng d6 1én 10 M, hiéu suit
hoa tan khong tang thém ma c6 xu hudng
giam nhe. Nguyén nhan c6 thé do sy hinh
thanh mot 16p mang mong trén bé mit
nhém, can tré sy tiép xtc gitta dung dich
va vat liéu, [am chdm qua trinh hoa tan
(Hinh 2).

NaOHO.1M NaOHO035M

NaOH1M

NaOH5M  NaOHIOM

Hinh 2: Két qua khdo sdt anh huéng ciia nong dp NaOH dén khd ning hoa tan Al

3.3. Khao sat anh hwong cua ty 1¢
ran/long (R:L)

Két qua thuc nghiém cho théy, hiéu suét
hoa tan nhém (Al) ting 1én khi ty 1& rén/long
(R:L) dugc diéu chinh. Khi ty 16 R:L 14 1:5,
hiéu suat hoa tan Al dat 13,7 %. Khi ting ty
16 R:L 1én 1:10, hiéu suat hoa tan dat 56,8 %.
Tai ty 16 R:L 1a 1:15, hiéu suét hoa tan ting
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1én 65,5 %. Hiéu suat hoa tan Al cao nhat dat
68,7 % tai ty 1¢ R:L 1a 1:20.

Tuy nhién, sy khac biét vé hiéu suét
gitta ty 1¢ R:L 1a 1:15 va 1:20 l1a khong
dang ké. Do d6, dé dam bao phan g o6n
dinh va hi€u qua, ty 1€ R:L thich hop cho
nghién ctru dugc chon 1a 1:15 (Hinh 3).
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Hinh 3: Anh hwéng ty I¢ R:L dén higu suit hoa tan Al

3.4. Khao sdt anh hwong cua thoi

gian dén hiéu sudt hoa tan

Két qua khao sat cho thdy hiéu suét
hoa tan nhom (Al) ty 1€ thuan vdi thoi
gian hoa tan mau. Sau 15 phut, hiéu suat
hoa tan chi dat 46,7 %. Sau 45 phut, hiéu
sudt ting 1én 72,2 %. Tiép theo, sau 60
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Higu suit héa tan (%)

phut, hidu suét dat 73,2 %, va sau 90 phut,
hiéu suat cao nhét 1a 78,6 %.

Mac di hiéu sut hoa tan tang theo thoi
gian, tuy nhién, dé t6i wu hoa qué trinh va
giam thiéu thoi gian, chi phi va nang luong
tiéu thy, thoi gian hoa tan 45 phut dugc
chon 14 t6i uu cho nghién ctru (Hinh 4).

15 phitt 30 phit

15 phit 60 phit 90 phit

Hinh 4: Anh hwéng cia thoi gian dén hiéu sudt hoa tan Al
3.5. Khdo sdt anh hwong ciia nhiét dp dén higu sudt hoa tan

o0
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45°C 60°C

20°C 120°C

Hinh 5: Anh hwong ciia nhiét dp dén hiéu suit hoa tan Al
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Tur céac két qua thuc nghiém cho théy,
tai nhiét do 45 °C hiéu suit hoa tan Al chi
dat 64,9 %. Khi nhiét do tang lén 1a 60 °C
hiéu suat hoa tan ting dang ké dat 76,2 %.
Tai 90 °C hi¢u suat chi ting khong dang
ké dat 79,7 % va & nhiét d6 120 °C higu
suit hoa tan Al dat 81,1 %. Nhu vy, c6
thé thay rang khi nhiét do cang cao, téc do
phan tng cang nhanh, dan dén luong Al
trong mau dugc hoa tan cang nhiéu. Tuy
nhién, vi¢c sir dung nhiét d6 cao ciing [am
tang ndng luong ti€u hao va chi phi, do dé
nhiét d§ 60 °C duogc chon 1a phu hop cho
nghién ctru (Hinh 5).

4. Két ludn

Nghién ctru da xay dung quy trinh
tién xa ly tim PMT bing dung moi
Toluen, nung mau & 450 °C trong 60 phit.
Két qua thu dugc 54,4 % kinh cuong luc;
12,3 % soi kim loai va 33,3 % 1a té bao
quang dién va EVA.

T mau bot PMT, nghién ciu da
khéo sat va lua chon duogc diéu kién thich
hop dé hoa tan nhom (Al) ¢6 trong PMT.
Hoa chit hoa tan dugc chon 1a NaOH 5
M, véi hiéu sudt hoa tan dat 59,9 %. Ty 1é
ran/long (R:L) phi hop duoc chon 1a 1g
mau/15 mL dung dich NaOH 5 M, mang
lai hiéu suat hoa tan 65,5 %. Thoi gian
hoa tan t6i uu 1a 60 phut ¢ nhiét d6 60
°C, v6i hiéu suit hoa tan dat 76,2 %. Két
qua thu dugc cua nhom nghién ctru ciing
tuong dong véi cong bd cua nhém tic
gia Punathil et al., khi st dung dung dich
NaOH 10 M ¢ nhiét d 63 °C dé hoa tach
nhom (Al) trong pin nang lugng mat troi,
v6i hiéu suat dat khoang 76 % [10].

Véi céc két qua thuc nghiém trén, cé
thé khang dinh ring quy trinh xtr ly va hoa
tan kim loai nhom trong PMT la phu hop,
phuc vu hi€¢u qua cho céc nghién ctru tinh
ché va thu héi kim loai nhom tir dung dich
hoa tan.
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