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Tém tit. Bun thai nha may bo mach dién tr c6 Cu 19,5 %, can thu hdi. Phuong phap dién phan dugc
thuc hién dé khao sat cac thong s6 anh huong dén tdc do thu hdi dong. Két qua phan tich Cu, pH, clorua
trong bun thai 1an luot 14 19,5 %, 10,1 va 20,2 %. Dung dich ngam chiét ding cho dién phan co Cu2 la
19,6 g/L, pH=3,0, clorua la 20,1 g/L. Cac dir li¢u thyc nghiém v& anh huong cua khoang cach, toc do
khudy, mat d6 dong 1én van tdc thu hdi dong bang phuong phap dién phan tir bun thai nha may bo mach
dién tir da dugc thyc hién. Két qua nghién ctru da cho thiy voi khoang cach khdo sat 12, 25, 40 mm cho
thiy khong anh hudng dang ké dén hang s6 van tdc, cu thé k; dao dong 0,0059 — 0, 0060 phat”, k; 1a
0,0004 L/(g.phit). Vi van toc khudy khao sat 200, 300 va 400 vong/phut cho thay khi tbc do khudy ting
thi k giam, véi k, tir 0,010 vé 0,007 phut”, véi k, tir 0,0010 vé 0,0006 L/(g.phat). Véi mat do dong tang
thi hang s6 k tang; véi k, ting 0,0038 1én 0,0059 phit” tmg véi mat do dong 262, 430 A/m?, véi k, ting
tir 0,0002 1én 0,00067 L/(g.phut) voi mat do dong 262, 430, 524 A/m*. Két qua ciing x4c dinh hing s toc
d9 ko cho phan tmg bac 2 1a 0,00007 L/(g.phut).

Tir khéa: dién phéan; hiang sé van téc; mat d6 dong, thu hoi dong.

KINECTIC OF THE PROCESS OF METAL COPPER RECOVER FROM THE
ELECTRIC CIRCUIT BOARD WASTE BY ELECTROLYSIS METHOD

Abstract. The electric circuit board waste has a high content of Cu (19 %), which has a very high
recoverable value. Electrolysis method is preferred because of its environmental friendliness and lower
cost. Therefore, the study to survey the parameters, which affects the copper recovery kinetic by leaching
in acid solution and electroplate has been done. Results of analysis of copper, pH, and chloride
components in waste sludge are 19.5 %, 10.1 and 20.2 %, respectively. The result of analyzing the extract
solution for electroplate with the content of Cu*" is 19.6g/L, pH = 3.0, chloride is 20.1 g/L. Experimental
data on the effects of electrodes distance, stirring speed, and the current density on copper recovery
kinetic by electrolysis method from waste sludge of the electric circuit board factory was presented. The
study results showed that with the survey distance of 12, 25, 40 mm showed no significant effect on the
first & second order reaction rate constant, specifically, k; ranged from 0.0059 to 0.0060 minute™”, k, was
0.0004 L/(g.minute). With the survey stirring speed of 200, 300 and 400 rpm, it shows that when the
stirring speed increases, k; decreases from 0,010 to 0,007 min”', with k, from 0.0010 to 0,0006 L/(g.
minute). With increasing current density, the reaction rate constant k increases; with k; increasing from
0.0038 to 0.0059 minute” for current density of 262, 430 A/m’, with k, increasing from 0.0002 to
0.00067 L/(g.minute) with current density of 262, 430, 524 A/m”. The result also determines the reaction
rate constant k, to be 0.00007 L/(g.minute).

Key words: electrolysis; speed constant; current density, copper recovery

1. GIOI THIEU

San xuat bo mach in ting ty 1& ting trung binh 8,7% trén toan thé gidi voi tong tri gia 51,5 ty USD trén
toan thé gidi, ti 1¢ ting & Dong Nam A 10,8% [1]. Chat thai sinh ra tir san xuit ctia cac nha may bo mach
hau hét c6 ham lugng Cu > 18% [2]. Do vay viéc thu hdi dong trong bun thai ctia qua trinh san xuét bo
mach dién tir khong chi c6 y nghia vé mit moi truong ma con gia tri kinh té va tan dung tai nguyén.

C6 nhiéu phuong phéap duoc st dung dé thu hdi kim loai dong nhu héa hoc (két tua, tich bang dung moi
chon loc, tao phtic, trao ddi ion, vv), vat 1y (nghién, tach bang dién truong, tach tir trudng), dién hoa, két
hop (trao d6i ion — dién phan) trong d6 phuong phap dién phan than thién v6i moi truong hon va chi phi
thip hon [1,3,4]. Bun thai sau thu dugc hoa tach bang dung dich axit sulfuric 1a giai doan dau cua phuong
phap thu hdi bang dién phén [3]. Co ché dong hoc qua trinh dién phan thu héi kim loai ddng, néi chung,
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bao gom kiém soat van chuyen electron va klem soat truyén khoi [5]. Trong truong hop kiém soat van
chuyén dién tu, phan trim dong thu hdi ting tuyén t1nh theo thoi gian, trong khi do, klem soat truyén khoi
thi hi¢u suat dong giam theo thoi gian va sy giam ndng d6 ctia kim loai s& theo cAp s6 nhan theo thoi gian
[6]. Theo Khattab va cong sy bdo cao rang cic duong cong mo ta dong hoc cua viée giam nong do dong
trong chat dién phan 13 tuyén tinh sau d6 chuyén thanh theo cip sb nhén theo thoi gian [5].

Véi mat do dong catdt nho, su két tua dién hoa theo phan ung Cu** + 2¢” — Cu bi khéng ché boi su
chuyén dién tich, nhung khi tang mat d6 dong cao thi dong hoc qué trinh két tia trén lai bi khdng ché boi
su chuyén chat — dong hoc khuyech tan [7]

Tuy nhién, cac nghién ctru vé dong hoc qua trinh thu hoi dong kim loai tur bun thai ddng ¢ Viét Nam con
han ché, do do, khao sat cac yeu t6 nhu khoang cach ban dién cuc, tdc do khuay, mat d6 dong anh huong
dén van tc thu hoi dong bang phurong phap dién phén 1a can thiét.

2. VAT LIEU VA PHUONG PHAP NGHIEN CU'U
2.1 Phwong phip thu miu
Mau bun thai tir nha may bo mach dién tir thong qua don vi thu gom xir Iy mdi trudng trong thang 10 nim
2018. Mau bun ¢ dang bd nhdo, mau xanh bién, chtra trong cac phuy nhwa xanh 100 lit. Mau dwgc 13y tir
3 thung ngau nhién 2kg/thing. Mau sau khi 1y dugc cho qua sing bang nhya ¢ kich ¢& 1 mm (press
seiveing). Mau duoc 1am cho dong nhat va sau d6 dugc bao quan. Mau sau xir Iy dwoc bao quan trong thi
PE kin va tranh anh sang. Thanh phan Cu, clorua, pH dugc xéc dinh [8].
2.2 Phuwong phap phan tich
Mau bun dong dugc can, hoa tan bang axit sulfuric 1M, dinh mirc, loc dé x4c dinh ham luong clorua bing
phuong phap Morh theo TCVN6194:1996, xac dinh ham luong ddng theo TCVN 3291-80 [8], pH theo
ASTM D1293-95 bang may do pH ciia Trans Instruments HP 9010.
2.3 Dung cu va héa chit thi nghiém
Dung cu thily tinh sir dung trong thi nghiém dugc ngdm trong HNO; 1M it nhat 24 gio va xa sach bang
nudc khir khoang trude khi stir dung. Hoa chat sir dung gdm: KI, KSCN, NaOH, HNO; dam dic, 6ng
chuan Na,$S,0; 5H,0 0.IM dugc cung cap boi hing Merck (Pirc). Nude st dung trong qué trinh thi
nghiém duoc loc bang may loc nude sidu sach Model: EASYpure II RF (Thermo Scientific — USA) [8].
2.4 BO tri thi nghiém
2.4.1 B tri thi nghiém hoa tan miu
B6 sung tir tir 150 gam méu bun dong vao cdc thiry tinh loai 1000 mL chtra 500 mL dung dich axit
sulfuric 1M dugc khudy lién tyc trén may khudy tir gia nhiét Stuart CB162. Lugng bun dong chua hoa tan
hét s& bd sung thém axit, két hop didu chinh pH vé 3,0£0,1. Ling, loc trude khi phan tich hay sir dung
cho dién phéan.
Céc phan tng ngam chiét:

Cu(OH)2 + HzSO4 — CUSO4 + Hzo

CuCO; + H,80, — CuSO, + H,0 + CO,T
Cac phan tng thu hdi dong bang phwong phap dién phan [9].

Catbt:

Cu®" +2¢ > Cu° E’=034V
2H" +2¢ > H, E'=0V
Anbt:

2H,0 —4e > 0, +4H" E’=-1229V
40H - 4¢ — 0, +2H,0 E’=-0,401V
2CI —2¢ - Cl, E’=-1,356 V

2.4.2 B tri thi nghiém dién phan

BG tri thi nghiém thu hdi dong bang phuong phap dién phan duoc md phong theo Giannopoulou va cong
su [9,10]. Thi nghiém dugc thuc hién ¢ nhiét do phong. Thé tich dung dich dién phan 1a 800mL, cac cuc
am (catt) duge st dung 13 cac tam ddng hinh chir nhat c6 kich thudc: chiéu dai 140 mm, rong 60 mm va
day 2 mm (phan chim trong dung dich 1a 70mm x 60 mm), cic cuc duong (andt) 1a cac tAm inox 316 va
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c6 kich thu6e tuong tu nhu cua catdt, dung dich dién phan dugc khudy tron bang may khudy tir, nguén
mot chiéu dugce cap tir DC: 0 — 12 V &0 20 A Hinh 1.

Hinh 1. M6 hinh thi nghiém
Ba thong s6 da duoc khao nghiém lan luot dé xac dinh dong hoc qua trinh dién phan ddng gdm khoang
cach dién cuc (12 25; 40 mm), téc do khudy (200, 300, 400 vong/phut) va mat do dong dién (262, 430,
524 va 786 A/m®) [11]. Trong qua trinh dién phan cac mau dwgc thu nhan sau mdi 15 phit dé phén tich
ddng bang phuong phap chudn d, cac thong sé dién thé ciing dugc ghi nhan [11] .
2.5 Xirly dir liéu thi nghiém
2.5.1 Tinh toin két qua
Phuong trinh ddng hoc bac 1 [12,5]

LnC = —k,t+ LnC, Cong thirc 1
Phuong trinh dong hoc bac 2 [13]:
1 1
i = kot + C_o Cong thirc 2

k; (1/phiit) va k, (L/g.phut)la hiang s6 van téc bac 1, 2 (1/phut)

Co 14 ham lugng Cu*" trong dung dich dién phan tai thoi diém t, (g/L)

C 1a ham luong Cu®" trong dung dich dién phan tai thoi diém t (g/L)

t 1a thoi gian dién phan (phut).
2.5.2 Xirly s6 liéu
Cac s liéu thu thap dugc tap hop va xir Iy thong ké bang phan mém c6 trong Exel. Dé giam thiéu cac
ngudn dan dén sai s6, mau lap di dugc st dung trong cac phan tich dé danh gia do chinh x4c va sai 1éch.
Cac thi nghiém va phan tich déu dugc lap lai 3 1an [8]. SPSS 20.0 duoc sir dung dé xac dinh tinh déng
nhét cta phuong sai, sau d6 xac dinh sy sai khac cac gi tri trung binh giira cc thi nghiém véi gi tri p <
0,05 b:%mg Tukey’s test post hoc khi Sig>0,05 hoac Tamhane khi Sig<0,05 [14].
3. KET QUA VA BAN LUAN
3.1. Pic tinh héa Iy miu bun dong
Mau bun df)ng duoc ngam chlét bang axit dé xac dinh ham lugng Cu, clorua va dé diéu ché dung dich
dién phan. Ket qua phan tich mau bun va thanh phan dung dich dién phan, Bang 1, cho thay ham luong
ddng trong mau Ia cao, bén canh d6 ham lugng clorua cling rat cao.

Bang 1 Két qua x4c dinh cac thong sb hoa 1y bun va dung dich dién phan

STT | Céc thong s6 | Ponyvitinh Két qua SD
Thanh phan ban thai (dang biin)
1 |pH 10,1 0,1
2 Ham lugng Cu % 19,5 0,2
3 Ham lugng Clorua % 20,2 0,2
Thanh phan dung dich dién phin qua loc
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1 | pH 3,0 0,1
2 | Ham luong Cu** g/L 19,6 0,2
3 Ham lugng Clorua g/L 20,1 0,2

Két qua ciing twong dong v&i nghién ciru cua Ribeiro va cong su, mau bun dong trong san xuét bo mach
dién ti c6 ham lugng Cu > 18% [2].
3.2. Khdo sat khoang cach cac dién cuc
Két qua nghién ctru (Bang 2, Hinh 1), cho thdy khi mat d¢ dong 1a 262 A/m? t6c d6 khudy 200 vong/phiit
khong thay dbi, voi cac khoang cach 12; 25; 40 mm, thi cac duong biéu dién dong hoc qué trinh dién
phan thu hoi Cu déu tuan theo mé hinh dong hoc béc 1 v6i moi twong quan rt chat, R? dao dong 0,96 —
0,99, két qua tinh toan C, dao dong 18, 3 -19.3 g/L, x4p xi véi gia tri thyc nghiém 18,1 g/L va hing sb tdc
d6 k, thay doi tir 0,006 vé 0,0059 phuat 'a rat nho (Bang 2). Dir liéu nghién ctru cling hoan toan phu hop
v6i md hinh dong hoc bac 2 véi két qua wéc tinh hang s k, =0,004 L/(g.phut) khong thay ddi va ndng do
C, tinh toan dao dong 18,8 — 20,0 g/L. Két qua nghién ctru ciing phu hop vé6i cac nghién ciru trude d6 1a
khoang cach anh huong khong 16n dén van toc thu hoi dong [15,16,9]. Cac két qua nghién ctru da xac
nhan khoang cach dién cuc 25 mm cho C, gan véi két qua thuc nghiém hon so véi cac khoang cach khac.
Khi so sanh dién thé, két qua nghién ciru cho thiy khoang cach 40; 25; 12 mm cho dién thé tuong ung
2,5, 1,1; 1,2V, diéu nay duogc ly giai do dién trd binh dién phéan giam khi giam khoang cach, tuy nhién, tir
25 mm vé 12 mm c6 sy ting nhe do hién twong phong dién [17]. Tir két qua nghién ctru c6 thé khiang dinh
khoang cach 25 mm 1a Iya chon t1 uu vé toe do va dién nang ti€u thy (dién thé nho nhét).

Bang 2 Céc thong sé dong hoc theo khoang cach

Pong hoc bac 1 Pong hoc bac 2
Khoéng cach k (TB) k (TB)
1 2 2 2
phit” RY(TB) | C,gCu/L L/(¢.phut) R%(TB) Cy gCu/LL
12mm 0,0059 0,96 19,29 0,0004 0,93 19,97
25mm 0,0059 0,99 18,26 0,0004 0,96 18,83
40mm 0,0060 0,97 18,60 0,0004 0,95 19,19

K&t qua phan tich thong ké sy sai khac cac gia tri trung binh cho thay khi thay d6i khoang cach 12, 25, 40
mm, hang so0 toc d9 ky, k, su sai khac khong c6 y nghia thong ké Hinh 1.
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Khoang cach cac dién cuc, mm

Hinh 1 Biéu db biéu dién hing s6 k1 va k2 theo khoang cach, cdc chir gbng nhau thé hién sai khac khéng cé ¥ nghia
thong ké
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3.3. Khio sat toc d9 khuiy

Két qua dir liéu nghién ciru, (Bang 3, Hinh 2) cho théy vo6i khoang cach cac ban dién cyc 1a 25 mm va
mat d6 dong 14 262 A/m” khong ddi, khi thay d6i toc do khudy 200, 300, 400 vong/phiit, cac duong biéu
dién dong hoc qua trinh dién phan thu h6i Cu déu tuan theo mé hinh dong hoc bac 1 VO‘l moi tuong quan,
dao dong 0,94 — 0,96, hang s6 van toc k; giam 1an luot 13 0,010, 0,007 va 0,007 phat”, thay di khong
16n, két qua ude tinh Cy dao dong 15,5 — 17,7 g/L, thap hon gia tri thuc nghiém. Két qua nghién cuu cling
cho thiy mé hinh dong hoc bac 2 phu hop hon dé gii thich dong hoc qua trinh dién phan thu hdi dong
khi thay dbi tbc do khudy 200, 300 va 400 vong/phut vai k, giam 1an luot 1an luot 14 0,0010, 0,0006 va
0,0006 L/(g.phut), R* 14 0,91 va 0,95 va C, udc tinh dao dong 16,2 — 18,8 g/L xép xi két qua thuc nghiém
(Bang 3). Nhu vay ca k; vak, déu giam khi ting toc do khudy, két qua nghién ctru phu hop véi nghién
ctru ctia Ngo & Nguyén [3]. Theo Giannopoulou va cong su dé hé théng dién phan hoat dong hiéu qua,
diéu kién khudy thich hop can duoc duy tri nham cai thién diéu kién truyén khéi trong hé dién phan.
Khqu lam tang dién tich bé mit dién cuc catdt va tranh phan cyc dién cyc [9]. Tuy nhién, khi toc do
khqu cang nhanh thi cac hat déng két tinh & dang rit min, 1am bé mit catdt bi che s& tang mat d dong
trén catdt gop phan lam giam higu suat dong, giam téc do thu hoi [3,9]. Qua két qua thuc nghiém ciing
cho thay toc do thu hdi Cu phu thude rat 16n vao tde do phan tng trén bé mit catot thong qua cac bude
hap phu va tao mam [18].

Bang 3 Céc thong s6 dong hoc theo toc do khudy

Tée & khuéy, s Pong hoc bac 1 o Pong hoc bac 2
vong/phut 1 2 2 2
gp ohit R*TB) | CoCugl | | {e.phit) RXTB) | CogCu/L
200 0,0103 0,96 16,66 0,0010 0,91 18,79
300 0,0070 0,94 17,68 0,0006 0,94 17,56
400 0,0070 0,96 15,51 0,0006 0,95 16,20
Téc d9 khudy, vong/phut
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00,000 ! b ! ! ! 00,000
g =1 Hang s6 k1 _
5 00,000 | g o Hiing s6 k2 - 00000 §
: 5
00,000 - - 00,000 <
- =
8 e
'; 00,000 - - 00,000 }E
<c§- =
© <
300,000 . - 00,000 o
r)g =]
) =
00,000 - - 00,000 "‘=‘
00,000 T T 00,000
200 « .. 300 . ) 400
Toc d¢ khuay, vong/phut

Hinh 2 Anh hudng tbc do khqu Ién héng s6 vén tdc, cac chit khac nhau thé hién sai khac ¢ y nghia théng ké
Két qua phan tich thdng ké cho thiy khi ting toc do tir 200 vong/phit 1én 300 vong /phit hing sé toc do
k; va k, déu giam, khac biét co y nghia thong ké, trong khi tir 300 dén 400 vong/phut, do giam khong c6 ¥
nghia thong ké (Hinh 2). Toc d6 khudy 200 vong/phit 1a téc do khudy pht hop nhit véi k; va k, 16n nhét.
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3.4. Khdo sat mat do dong ,

Véi khoang cach cac ban dién cuc 1a 25 mm va tdc d6 khuay 200 vong/phut khong doi, cac két qua
nghién ciru (Bang 4, Hinh 3), cho thiy khi thay d6i mat d¢6 dong thi cic duong biéu dién dong hoc qua
trinh dién phan thu hdi Cu theo mé hinh dong hoc bac 1 véi mdi twong quan rét chat, R? dao dong 0,96 —
0,99, v6i hang sb k, ting theo mat do dong, két qua tuong ddng v6i nghién ciru trude d6 cua Khattab va
cong su [5], tuy nhién, két qua udc tinh C, cho thdy chi véi mat do dong 262 va 430 A/m* 1a xap xi voi
két qua thyc nghiém, do vdy, md hinh dong hoc bac 1 chi phii hop & mat do dong 262 va 430 A/m’. Déi
v6i md hinh dong hoc bac 2, két qua nghién ciru cho thdy 1a phi hop véi mat do dong 260, 430 va 524
A/m* v6i R* dao dong 0,97-0,99, k, ting lan luot 0,0002, 0,0004 va 0,00067 (L/g.phit), két qua nghién
ctru dugc 1y giai nhu trong trinh bay cua Holze, ting mat d6 dong cao thi dong hoc qua trinh két tia trén
lai bj khéng ché boi su chuyén chit — dong hoc khuyéch tan [7], tuy nhién khi mat d6 dong qué cao 786
A/m’* cho C, udc tinh rat khac so vai két qua thyc nghiém.

Béng 4 Céc thong s6 dong hoc theo mat do dong dién

Mat 6 dong, . Pong hoc bac 1 o Pong hoc bac 2
A/m> 1 2 2 2
yphat | RTB) | Cogll ) gy | RAB) Co g/l
262 0,0038 0,96 18,18 0,00020 0,97 18,34
430 0,0059 0,99 18,26 0,00040 0,97 18,83
524 0,0082 0,99 0,99 0,00067 0,99 18,97
786 0,0144 0,98 1,08 0,00150 0,92 27,19
00,000 - - 00,000
00,000 - - 00,000
E=A Hing s6 k2 L feur
7 00,000 - ang sb 00,000 g
2 =©=Hing s6 k1 00000 &
:500,000 1 U3
g - 00,000 '
< 00,000 - 8
& - 00,000 £
<«Q
© 00,000 - -
2 - 00,000 @
el a w
= 00,000 - - 00,000 E
00,000 { 2 - 00,000
00,000 T T S LE— 00,000
0 200 400 600 800 1000
Mit d§ dong CD, A/m2

Hinh 3 Anh hudng mat d6 dong 1én hﬁng s6 vén toc, cac chit khac nhau thé hién sai khac c6 y nghia théng ké
Két qua phan tich thong ké cho thay khi mat d6 dong tiang cac hang sb toc do k, ting, khac biét c6 ¥ nghia
thdng ké, trong khi k, ting c¢6 ¥ nghia thong ké v6i mat do dong 262, 524 va 786 A/m’, trong khi su thay
dbi giira 262 va 430 A/m” hay giita 430 va 524 A/m’ 1 khong c6 y nghia thong ké.

Khi v& biéu dd hing sb van toc bac 2 (k,) theo mat do dong (CD), duong biéu dién cho thay hing sb van
tc k, thay doi theo mat d6 dong c6 dang ham mii (Hinh 4), két qua ciing twong tu nhu trong nghién ciru
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trudc d6 ctia Khattab va cong sy [5]. Hang s6 van tdc cho qua trinh thu hoi dong bang dién héa c6 thé
dugc mo ta theo phuong trinh sau:
k = kge™**¢P
hay
Lnk = Lnky — (x* CD)
Véi CD 1a mat d¢ dong A/m® va o 14 hé s6 do doc ctia duong thang InK theo CD.

0.0007 - - -007
0.0006 - —A—Haing s6 k2 O Lnk2 L -007
5
= 0.0005 - L -008
e
0
= 0.0004 - - -008
o 0.0003 - - 008 ~
v
on
.5 0.0002 - L -008
T
0.0001 - - -008
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Gia tri ctia ko (14 gid tri cta k khi CD = 0) dudng nhu doc 1ap véi ndng do ban dau ciia dong trong dung
dich [5], (Hinh 4), cho thay hé s6 a 1a d6 dbc ctia duong thang InK theo CD la (-0,0042), két qua ciing
tuong dong voi nghién ctru ciia Khattab va cong su xac dinh gia tri o =-0,0041v6i Co > 250mg/L [5] va
tinh toan cho gia tri ko 14 0,00007 L/(g.phat). Két qua cho thay hang sb van tbc tang 1én khi mat do dong
tang, két qua phu hop véi cac nghién ctu trude [5]. Két qua cung cho thay hang s6 van toc theo mat do
dong phu hop v6i mo hinh loai Arrhenius (k=A.e FRTY v6i mbi tuong quan rt chit R?= 0,999 [5].

Két qua quan sat thyuc nghiém cho thdy khi ting mat do dong bé mat dong bam vao catdt cang tho, kha
nang bam dinh kém, diéu nay duoc ly giai do khong c6 du thoi gian dé phat trién cdu truc tinh thé khi toc
dd tao mam cao [19] va c6 thé dan den cac hat min va glam cAu trac mang tinh thé [20]. Do d6, mot lva
chon mét do dong t61 wu duoc yéu cau dé thlet 1ap su can bang giita chit luong dong dinh bam 1én bé mat
va téc d6 thu hoi, tiy thude vao mong mudn ctia ngudi van hanh.

4. KET LUAN

Tir cac két qua nghién ctru trén, cho phép rat ra mot s két luan nhu sau:

Két qua phan tich thanh phan trong bun thai c6 dong 19,5%, pH 10,1, clorua 1a 20,2 %. Két qua phan tich
dung dich ngam chiét c6 ham luong Cu®' la 19,6g/L, pH=3,0, clorua la 20,1g/L. Cac dir liéu thyc nghi€ém
vé anh huong cua khoang cach, toc do khudy, mat do dong 1én van tdc thu hoi dong bang phuong phap
di€n phan tr bun thai nha may bo mach dién tr dya trén cac mo hinh dong hoc bac 1, bac 2. Véi khoang
cach khao sat 12, 25, 40 mm cho thdy khong anh huong dang ké dén hang s6 van toc, cu thé k; dao dong
0,0059 — 0,0060 phut™, k, 1a 0,0004 L/(g.phat). Vi van toc khudy khao sat 200, 300 va 400 vong/phit
cho thay khi toc do khudy tang thi k giam, v6i k; tir 0,010 vé 0,007 phut”, véi k, tir 0,0010 v& 0,0006
L/(g.phat). Véi mat d6 dong tang thi hang sd k ting; véi k; tang 0,0038 1én 0,0059 phat” tng véi mat do
dong 262, 430 A/m’, véi k, tang tir 0,0002 1én 0,00067 L/(g.phut) véi mat do dong 262, 430, 524 A/m’.
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