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Tom tit. Bui thai tir cac co so gia cong danh bong dong thau c6 ham lugng dong cao, cé gié tri kinh té can
phai thu hoi. Hoa tan dong tir byi thai trong gia cong dong thau dua trén phan tng Fenton 1a mot giai phap
thay luyén rat dang quan tm vi lgi ich kinh té va méi truong. Phuong phap thiét ké thi nghiém duoc sir
dung dé xac dinh céc thdng s phu hop bao gém pH, ham luong Fe?*, téc d khudy va ham luong H,0; cho
qua trinh hoa tan dong tir bui ddng thau. Cac mé hinh dong hoc va cac cac thong sé dong hoc ciing da duoc
xac dinh. Két qua cho thiy hiéu suat hoa tan dong dat 97%, cliing véi cac hang sé van toc hoa tan Ion nhat
trong qua trinh phan tng xay ra tai pH 1, [Fe?*] 0,1M, téc d6 khudy 60 vong/phut, ham lugng H.0; 1,8%
Vi luu lwgng 1 mL/ph(t, trong 2 gid khao sét. Dix liéu dong hoc da cho thay c6 thé sir dung mé hinh dong
hoc bac 1 dé giai thich dong hoc qua trinh hoa tan dong tir bui dong thau va co ché cua qua trinh dugc kiém
sdo theo co ché phan tng hoa hoc bé mat. Két qua nghién ctru da cho thiy qué trinh Fenton c6 thé sir dung
dé hoa tan ddng tir bui déng thau 1am co s& cho cac nghién ctu tiép theo nhu dién phan thu hoi déng kim
loai hay san xuat héa chét.

Tir khoa: Qué trinh Fenton, dong, ngam chiét, bui déng thau, thu hdi.

1. GIOI THIEU

Dbdng (Cu) la kim loai mau quan trong thir hai (sau nhom) va dang dugc su dung trong nhiéu nganh tir xay
dung, may moc dén dién tir va vién thong [1]. Céc chat thai chira ddng c6 gié tri cao can phai thu ho| theo
ca quan diém kinh té va bao vé méi trudng. Cac phuong phap duoc sir dung dé thu hdi dong chi yéu dua
trén cac quy trinh co hoc, nhiét luyén va thity luyén. Cac phuong phap thay luyén chi phi it hon, dé du doan
va d& kiém soat hon so v6i phuong phap xir Iy khéc [2]. Cong nghé thuy luyén (hoa tach hay ngam chiét)
lai cho thiy wu diém vuot troi khi ty 18 thu hoi cao, nang luong tiéu thu thap, dung dich sau thu hdi c6 thé
san xuat hoa chat (dong sulfat) hay thu hoi dong kim loai bang phuong phap dién phén [3, 4].

Céc lang nghé gia cong, danh bong, gia cong kim loai ddng thau (bui danh bong san phiam m§y nghé trong
thd cing, van, co ndi, T ndi trong nganh nuéc) da cé tir lau & GO Vap, TpHCM va céc tinh Ian can nhu cac
lang nghé & Bén Lirc - Long An, & Long Dinh - Tién Giang. Qué trinh san xuat gia cong kim loai ddng
thau dan dén cac dong thai nhu bui, xi c6 ham lugng déng cao nhung thu hdi bang phuong phép nhiét luyén
gay 0 nhiém méi trudng va hiéu suat thu hdi thap do bui qua min, d& bi oxy hoa trong khéng khi; do do,
chiét xut dong, kém bang céc qua trinh ngam chiét ¢6 vé hiéu qua hon. Cac quy trinh luyén kim thiyy luyén
ciing linh hoat dé xur ly cac chat thai kim loai do dé dang kiém soét cac muc do tap chat khac nhau [5].
Nghién ciru qua trinh thay luyén st dung Fe* dé hoa tan dong kim loai, trong d6, Fe3* c6 xu hudng hoat
dong nhu mot chat oxy héa dong mét vai trd rat quan trong trong viéc ddy nhanh qua trinh hoa tan ddng
kim loai [2]. Tuy nhién, theo nghién cua Ferron, dung dich sau ngam chiét cho ham luong Fe tong (~ 41
g/L) cao s& dit ra nhitng thach thie nhét dinh can giai quyét vé van dé lam tinh khiét Cu va méi truong [6].
Nghién ciru sir dung chét & xy hoéa ciing di dwoc xem xét nhu str dung ngam chiét tuan hoan nhu hdn hop
SO, /O, trong qué trinh ngdm chiét Cu [6], ngdm chiét trong véi hé H,0, — HCI [7], hay ngdm chiét chi six
dung H20: [8], tuy nhién hi¢u qua hoa tan khong nhu mong doi.

Qua trinh Fenton dua trén viéc tao ra cac goc hydroxyl hoat héa bang su két hop cuaa peroxit (chu yéu la
hydro peroxit) va c4c ion sét trong diéu kién axit. Cac goc hydroxyl c6 thé cho mot dién tir vi bt ky chét
nao c6 trong dung dich dé tao thanh anion va ciing c6 thé ldy mot dién tir & bu dap cho nguyén ti bi thiéu
ctia chdng [9]. Géc tu do hydroxyl 1a chat 6xy hda manh véi thé 6xy hoa 2,80 V so véi 6z6n (2,07 V) va
clo (1,36 V) [14], va c6 thé 6xy hoa d& dang kém (-0,76 V) va dong (0,34 V) [8]. Céc phan tng trong qua
trinh bao gom:
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2+ * 3+ - AN T,
H.O; + Fe** - HO™ + Fe** + OH" Phan tng Fenton (Phan ting 1)

* 2+ 3+ -

H.0, + Fe** — Fe** + HOO* + H* (phan (ing giéng nhu Fenton) (Phan tng 3)

H.0; — 2HO (Phan ting 4)
Ham lugng H.0; cao gy that thoét gdc tu do [9]: (Phan tng 5)
HO" + H,0, — H,O + HOO"
HOO" + HO" — H,0 + O, (Phan (tng 6)
Viéc tang nhanh toc d6 nap H20, giam hinh thanh HO* (Phan &ng 7)
2H,0, — 2H,0 + O, ) )

Fe3* + HOO" — Fe?* + O, sé& lam giam toc do san sinh goc tu do [11] (Phan ung 8)
2HO" — H0; (Phan ttng 9)

HO™+ HOO" — 2H,0 + O,

2HOO" — H,0,+ O, tai lién két [14].

HO" + Cu — Cu? + OH' (Phan (ing 10)

Fe** + Cu — Cu** + Fe*

HO" + Zn — Zn* + OH
Céc ion sit anh huong dén hiéu qua cua qua trinh Fenton, néu khdng c6 ion sat, cac goc hydroxyl khdng
duoc hinh thanh. Nong d6 cta céc ion st ¢d tac dung khir kim loai ca lam tang hinh thanh cac gdc hydroxyl
nhung bén canh do, ciing tao ra hién twong keo tu, két tua Ia giam hiéu suét khir [10]. Do d6, cac thong sb
(pH, H20,, toc do khuay, va Fe?*) cd I& 1a nhirng yeu t6 quan trong vi khdng chi 1a diéu kién tao hiéu qua
chung cua phan tng ma con ca chi phi. Cac thong s6 t6i wu chi c6 thé xac dinh bang cac nghién ctru thuc
nghiém bao gdm xac dinh hiéu suat thu hdi va téc d phan tng hoa tan dua trén cac md hinh todn dong hoc
[11, 10]. Nghién ctru dong hoc hda hoc c6 thé hd tro kiém soat cac diéu kién phan @ng va nang cao toc do
phan tng chinh, déng thoi 1am giam hozc 1am cham tde d6 cac phan ung phu, qua d6 Iya chon cac diéu
kién van hanh pht hop nhit [12]. Nghién ciru dong hoc ctia qué trinh Fenton dé hiéu dung hon vai tro cua
cac yéu té khac nhau trong d6, 1am 1 thém co ché phan tng cia no, danh gia anh huéng cua cac yéu to
dén qué trinh phan ung [13].
Tuy nhién, nghién ciu st dung phuong phap Fenton phd bién van st dung trong xu Iy chat hitu co bén
trong nudc thai, nudc ngam [14]. Trong khi, céc nghién ctu sir dung ngam chiét dong kim loai trong bui
ddng thau van con thiéu thong tin. Hon nita, thanh phan khong ddng nhat cua phan wng ngam chiét va sy
phtic tap cua cac chit trung gian dugc hinh thanh trong qué trinh oxy héa Fenton, hiu nhu khong thé thuc
hién mot nghién ctru dong hoc chi tiét voi tirng phan tng riéng I¢ [15]. Do do, muc dich cua nghién cau
nham xéc dinh cac yéu t6 anh huong dén hiéu suat hoa tan dong va dong hoc qué trinh hoa tan dong trong
bui dong thau bang hé Fenton di duoc thuc hién. Cac yéu té nhu pH, ham luong Fe?, toc d6 khudy, ham
lwong H20, dé hoa tan bui ddng thau di duoc khao sat. Su ph hop ciia cdc md hinh va cac gié tri thong sb
dong hoc da duoc xac dinh. Cac mé hinh dong hoc thich hop bao gém mé hinh dong hoc bac 1 (1) va mo
hinh dong hoc cai bién tich hop cua Dickinson va Heal (5) s& duoc lya chon dé giai thich co ché hoa tan
ddng tir bui dong thau dwa trén cac két qua thuc nghiém.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1 Phwrong phap thu miu

Bui dong thau dugc str dung 1am nguyén ligu trong nghién ciru ndy duoc ly tir cic co so gia cong danh
bong Iu, van, co, ndi T & mét lang nghé thugc huyén Bén Lic, tinh Long an, vao thang 10 nam 2021. Mau
thu tir 20 bao chira bui ddng thau, mdi bao 0,5 kg. Tron déu ldy mau dai dién. Mau dugc chira trong tdi PE
(poly etylen). MAu sau khi thu, qua rdy 2 mm dé loai bo céc soi day 1an trong bui déng thau. Luu giit noi
kho réo trong phong thi nghiém dé sir dung cho cac nghién ctru. Thanh phan Cu, Zn, Fe dugc xac dinh.
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2.2 Phuong phap phén tich

Ph& mau dong thau: bui dong thau, 1,000g da duoc cho phan @ng trong ~5 mL axit nitric dam dac (70%)
trong ta hat. Sau khi hoa tan hoan toan dong thau, dung dich axit thu dugc duoc pha lodng trong binh dinh
muc 100 mL va dugc dung dé xac dinh Cu, Zn, Fe bang ICP-OES (Inductively coupled plasma - optical
emission spectrometry).

2.3 Dung cu va hda chit thi nghiém
Hoa chat sir dung gom: FeSOs 7H,0, H20,30%, NaOH, HNOs dam dac (loai tinh khiét phan tich) va ong
chuan NazS;03 5H,0 0,1M déu dugc san xuat bai hang Merck (Puc) va Trung Quoc. Nudc st dung trong

qua trinh thi nghiém dugc loc bang may loc nuée siéu sach Model: EASYpure |1 RF (Thermo Scientific —
USA).

2.4 B tri thi nghiém

M@ hinh thi nghiém dwoc md phong theo nghién cuu Popescu et al, [2]. Cac thi nghi¢m dugc thuc hi¢n
trong c6¢ 1000 mL phan tng duoc khudy & nhiét 6 phong (28 - 31°C). Trong moi thi nghiém, 900 mL
dung dich FeSO4 ¢ cac ndng do khac nhau da duoc dua vao trong coc phan tng. Hé théng khuiy Jatest cO
kich thuéc canh khudy 25 mm x 65 mm duoc st dung. Khi dat dén toc do khudy cai dat, 30 gam mau bui
ddng thau dugc thém vao céc phan tng. Lugng H202 cung cép lién tuc véi téc d6 1 mL/phat bang bom nhu
dong nham lam giam sy phan hity cia H,0; thanh oxy va nuéc hay do phan tng két hop cia cac gbc
hydroxyl lam giam hiéu suat hinh thanh cac goc hydroxyl [10]. Duy tri pH ban ddu (theo cai dit) khong ddi
trong subt qué trinh bang cach cung cip dung dich axit sulfuric ddm dic. Tai cac khoang thoi gian cu thé
(10; 20; 30; 40; 60; 120 phat), 5 mL mau duoc lay ra. Tat ca cac mau duoc phan tich xac dinh ham lugng
Cu?* hoa tan. CAc thi nghiém duoc I3p lai 3 lan.

Ba bién sé khao séat duoc cai dat bao gom thay d6i pH (1, 3 va 5, str dung axit sunfuric dé diéu chinh do
pH); thay doi ham lwgng Fe?* (0,025; 0,05 va 0,1 M); téc d6 khudy (30, 60 va 120 vong/phtit) va ham lugng
H202 (0,9; 1,8 va 3,6 %). Cac thong sb tinh toan bao gdom hiéu suat thu hdi déng, cac théng sé dong hoc
bao gdm hing sb tc do k, hé s6 twong quan R? dugc xac dinh. Tiéu chi lya chon cac diéu kién phu hop cua
qua trinh dua trén hiéu suat thu hdi va cac thong s6 dong hoc. Cac mé hinh dong hoc bac 1 va cai bién tich
hop da dugc sir dung trong nghién ctru dong hoc tir két qua thuc nghiém [7, 17].

2.5 Xir ly dir liéu thi nghiém

2.5.1 Tinh toan két qua

M hinh ddng hoc bac 1: M6 hinh nay dic trung cho hé déng nhat, mac di khong phai 1a mé hinh cho cac
phan tmg hoa tan nhung da dwoc st dung rong réi khi chip nhan riang cac phan ting xay ra ¢ bé mat kim
loai hoa tan [2]

kit = Ln(1 — X) (1)

Véi X 1a phan phan tng hoa tan caa dong (0<X<1), ks 1 hing s6 toc do bac 1 t 1a thoi gian phan ang (phut)
Cu trong dung dich, g
XCu = Tw x W~ (2)
ong Cu trong mau ban dau, g

M6 hinh 16i thu nhé (xem xét dong hoc qua trinh khuéch tan)

Co ché hoa tan cua chat ran dia trén ba mé hinh dong hoc chinh: mé hinh phan @ng hda hoc bé mat, md
hinh khuéch tan qua mang chét long (hoic qua I6p san phdm) va mé hinh dong hoc hdn hop chira cac thanh
phan phan ing khuéch tan va phan ang bé mat, dién ra dong thoi [7]. Trong d6, md hinh cai bién theo béo
cdo Dickinson va Heal, 1a mot bién thé mai cia mo hinh 18i thu nho theo bao cao cua Dickinson & Heal
[18]

kcbt=%ln(1—X)+(1—X)_%—1 3

Trong dé: ke 12 hang s6 toc d6 md hinh cai bién.
Ap dung phuong phap thir - sai, dé lya chon mé hinh dong hoc. Panh gia mé hinh cin cir vao gia tri d6 déc
va R? clia phuong trinh duong thang V=k.t [4]. Trong nghién ciru da sir dung mé hinh dong hoc bac 1 va
mé hinh cai bién tich hop dé khao sat co ché dong hoc cta qua trinh hoa tan dong trong bui déng thau.
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2.5.2 Xir ly s liu

Céc sb lieu thu thap duogc tap hop va xtr ly thng ké bang phan mém cd trong Exel. Bé giam thiéu cac ngudn
dan dén sai s6, mau lap da duoc sir dung trong cac phan tich dé danh gia d6 chinh xac va sai léch. Céc thi
nghiém va phan tich déu dugc 1ap lai 3 1an. SPSS 20.0 duoc sir dung dé xac dinh tinh ddng nhét cua phuong
sai, sau d6 xac dinh su sai khac cac gié tri trung binh gitra cac nghiém thirc vai gia tri p < 0,05 bang Tukey’s
test post hoc khi Sig>0,05 hogc Tamhane khi Sig<0,05.

3. KET QUA VA BAN LUAN

3.1. Thanh phan cia mac déng thau

Két qua phan tich mau bui dong thau dong thau duoc thu tir co s¢ gia cong tai Huyén Bén Lirc, Bang 1,
cho thay ham lugng Cu, Zn cao, cu the 1a 41% véi Cu va 45% cho Zn. Ket qua cho thay bui dong thau co
chtra nhiéu béng, vai, cé xt ly thu cac manh dong 1on.

Bang 1 Két qua xac dinh ham lwong bui dong thau

STT Céc thong sb Két qua SD
Ham lugng Cu, % 41
Ham lwong kém, % 45
Ham luong sit, % 5,5 0,9

Ham luong sit trong mau cao cho thay qua trinh niu ddng thau da co phdi tron tap chat st, diéu nay co thé
nham muc dich giam gia thanh san pham dong thau. Chat luong dong thau trong nghién ciru twong duong
V6i céc loai ddng thau dang luu thong trén thi trudng Viét Nam [19]. Két qua ciing cho thiy mau bui déng
thau c¢6 ham luong ddng rat cao, c6 gia tri can phai thu hdi.

3.2. Khao sat anh hwang pH I1én quéa trinh ddng hoc hoa tan bui ddng thau

Két qua khao sat anh hudong pH dén qua trinh ngam chiét dong ra khoi bui déng thau, Hinh 1, cho thy
luong ddng ngam chiét & pH 1> pH 3> pH 5 va sau 120 phut khao sat. Hiéu suat hoa tan dong lan luot la
36, 42 va 97% tuong wng véi pH 5, 3 va 1. Didu nay c6 thé duoc ly giai khi ¢ pH cao, Fe?* chuyén thanh
Fe3* va két tua dudi dang Fe(OH)s va ban than Fe?* ciing bi két tua, thoat ra khoi chu trinh ngam chiét va
diéu ndy ciing gbp phan ting phan huy H,O. thanh O, va H,O (Phan &ng 6) lam giam hiéu qua cua qua
trinh. Ly giai twong tu ciing duoc tim thay trong nghién ciru ciia Vasquez-Medrano va cong su [11]. Nhung
néu mirc pH thap, st tao phuc bén véi H20,, chat ndy vo hiéu hoa chat xdc tac sat va lam giam dang ké
hiéu suat oxy héa [10]. Bén canh do, theo nghién ciru Vasquez-Medrano va cong su, khi méi trudng phan
{rng c6 pH<1,0 thi tdc do tao ra cac gbc HO™ bi han ché do tinh chat dién li caa cac ion [HzO,]* dugc hinh
thanh tir H,0, [11] va ton tai cac dang phuc sit [Fe(H20)s]?* ciing lam giam kha ning phan ng gitta Fe?*
va H,0; [12]. Khi pH ting qua trinh hoa tan Cu giam, c6 thé Iy giai do thiéu Fe?* hoat dong, do hinh thanh
céc oxit sit khdng hoat dong va két tua sit hydroxit. Ly giai tuong tu ciing duoc tim thay trong bao céo cia
Bustillo-Lecompte [12] va trong nghlen cuu cua Azhdarpoor va cong su [10]. Ngoai ra, cac nghién ctru da
chi ra rang tiém ning oxy hoa cua cac géc OH giam khi tang d6 pH [10], twong tw nhu trong nghién ctru
cuia Bustillo-Lecompte cho rang kha niang oxy hoa ciia *OH lién quan dén pH cta dung dich. Thé oxy hoa
cua *OH tang Ién va kha nang oxy hoa dugc tang cucyng khi pH giam [12]. pH dong mot vai tro quan trong
trong viéc kiém soat hoat dong cua chat OXy hda va chat nén, sy hinh thanh cac dang sat va sy On dinh cua
H.0,. pH ciing anh hudng dén viéc tao ra cac gdc hydroxyl va do d6, anh huéng dén hiéu qua cua qua trinh
oxy hoa [10]. Ngoai ra, trong mdi truong pH thap (~ 2), phan ung Fenton va quang Fenton dugc wa chudng
hon va on dinh hon do céc ion Fe?* va Fe®* hoa tan va hoat dong hon [14]. Tir két qua nghién ctu cho thiy
& pH 1, vdi cac didu kién di kém nhu Hinh 1 cho hiéu suét hoa tan Cu cao nhit 97% sau 120 phut thyc hién
phan tng, Hinh 1.
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Hinh 1 Anh huong caa pH dén ti 1é Cu hoa tan (Bui dong thau 30g, Fe?* = 0,1M, H,021,8 % véi luu luong

ImL/phat, v=60 v/p va t = 120 phat)

Bang 2 Cac thdng s dong hoc khi thay d6i pH

M0 hinh kiém soat Bac 1 Khuéch tan cai bién

Céc thong sb R? ki R? Keb
pH 1 0,94 0,0285¢ 0,82 0,00902
pH 3 0,92 0,0099° 0,99 0,00074
pH 5 0,89 0,00742 0,98 0,00044

Cac chiz cai khac nhau trong cuing 1 cét thé hién su sai khdc cé ¥ nghia thong ké

Két qua tinh toan cac théng s6 dong hoc duoc trinh bay chi tiét trong Bang 2. Két qua cho thidy mé hinh
dong hoc bac 1 ¢6 R? dao dong 0,89 — 0,94 dugc xem la phu hop, véi hiang sb van tdc ki ting co ¥ nghia
thong ké khi pH giam, cu thé, ki giam lan luot 12 0,0285; 0,0099 va 0,0074 twong tng véi pH 1; 3; 5, Bang
2. V6i md hinh khuéch tan cai bién R? dao dong 0,82 — 0,98 va hing sb ke ciing ting ¢ ¥ nghia théng ke
khi pH giam, cu thé ke giam lan lugt 0,00902; 0,00074; 0,00044 twong tng véi pH 1; 3; 5. Cén cir vao moi
tuong quan R? thi md hinh bac 1 phii hop hon dé giai thich co ché dong hoc cua phan g hoa tan dong ¢
pH 1. Diéu nay cd thé ly giai do nong do Fe™ cao, khi pH ting s& ¢6 hién tuong két taa lam cho dic trung
qua trinh dong pha it phui hop hon so véi di pha. Ly giai twong tu ciing da duoc tim thy trong bao céo cua
Mirzaei et al. [9]. Trong khi d6, mé hinh khuyéch tan cai bién thi phti hgp hon cho truong hop pH 1a 3 va
5. Két qua trong ty ciing da dugc tim thay trong béo céo cua Liu et al., cho rang co ché dong hoc la chuyén
dién tir vao bén trong s& phu hop hon khi ting pH [13] va nguoc lai co ché duoc kiém soét vé mat hda hoc
giam dan [20].
Céc théng sb tiép tuc dugc lya chon dya trén véan téc ngam Chlet thu hoi dong tir bui dong thau bao gom
Fe?* 0,1M, H20; 1,8% cung cip lién tuc vai tbe d6 1 mL/phdt, téc do khudy 60 vong/phit va pH 1 1a ti vu
cho céc khao sét tiép theo.
3.3. Khao st anh hwéng ham lwgng Fe?* 1én quéa trinh hoa tan bui déng thau
Céc thi nghiém tiép tuc duoc tién hanh vai o pH 1, téc do khudy 60 vong/phat, H,02 1,8 % cung cap lién
tuc véi luu lwong 1 mL/phat, ham lugng Fe?* dugc thay doi & cac gié tri 0,025; 0,05; 0,1M. Két qua nghién
ctru, Hinh 2, cho thay sau 2 gio thi nghiém luong dong hoa tan tang 1an luot 1a 57, 51 va 97% tuong ng
VGi cac nong do ion Fe thay d6i. Két qua da cho thiy rang hiéu qua ngdm chiét dong ting manh & ham
luong ion st 1a 0,1M, diéu nay 6 thé dugc Iy giai & pH 1, ham lwong Fe?" ti I¢ thuan vi su hinh thanh

gdc ty do OH". Két qua va ly giai twong tu cling duoc tim thay trong nghién ctru cua Giwa va cong sy [21].
Tuy nhién, viéc tang tiép nong do sit khong thé thuc hién do c6 hién tuong két taa va tich liy cao luong
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ion sit trong dung dich. Nhan dinh tuong tu ciing duoc tim thay trong nghién ctiu ciia Azhdarpoor, et al.,
cho rang, nong do cao cua ion Fe?* ¢ thé phan ng véi cac goc OH” duoc tao ra nhu mot chat 1am mét géc
tu do (phan ung 2) va viéc sir dung Fe?* cao sé ting nhiém ban dung dich ngam chiét [10]. Tir két qua
nghién ctiru cho thay ¢ ham luong Fe?* = 0,1M, véi cac diéu kién di kém nhu Hinh 2 cho hiéu suat hoa tan
Cu cao nhat 97% sau 120 phut thyc hién phan ung, Hinh 2.
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Hinh 2 Anh huéng ctua ham lugng Fe?* dén ti 1& Cu hoa tan theo thoi gian (Piéu kién thi nghiém bui ddng thau
30g, pH =1, H20, 1,8 ¢g/L véi luu lugng ImL/phat, v=60 v/p va t = 120 phat)

Két qua tinh toan cac thong s6 dong hoc duoc trinh bay chi tiét trong Bang 3. Két qua nghién ciu cho thay
khi ham luong Fe?* ting, véi md hinh dong hoc bac 1 déu c6 mdi twong quan cao R? dao dong 0,94 — 0,98,
tdc do phan tng ting tng vai cac hang sb van toc lan luot 13 0,0065; 0,0057 va 0,0285 tuong ng v6i ham
lwong Fe?* 120,025; 0,05 va 0,1 M. V6i md hinh khuéch tan cai bién thi ciing cho thay hing sb van téc ting
va moi tuong quan R? dao dong 0,82 — 0,99 Vi c4c gia tri ke lan luot 1a 36.10°%; 28.10°° va 902.10°° twong
rng v6i ham lugng Fe?* 14 0,025; 0,05 va 0,1 M. Gia tri hang sé van téc ki, ke tng véi Fe?* 0,025M va
0,05 M ¢6 giam nhe & ca hai mé hinh. Biéu ndy ¢ thé do viéc ting ham lugng Fe?* vira cling san sinh nhom
OH* (phan ung 1) ciing vira lam giam hiéu qua H.O, (phan tng 3 va 8). Két qua ciing phu hop véi phan
tich tinh dong nhat trén SPSS cho thiy su khac biét 1a khong c6 y nghia thong ké, Bang 3. Nhung khi ham
ham luong Fe?* tiép tuc tang 1én 0,1M thi téc d6 ngdm chiét dong ting manh cé y nghia, c6 thé do lwong
Fe?* ¢6 trong dung dich lam giam hiéu qua mat Fe®* (phan wng 8). Nghién ctu cho thdy ham luong Fe?* ti
ké thuan véi van toc phan ung. Két luan tuong tu ciing dwoc tim thiy trong béo céo cia Bustillo-Lecompte
cho rang téc d6 phan tng phu thudc vao lidu lwong sit [12]. M6 hinh bac 1 va mé hinh khuyéch tan cai
bién déu phu hop dé giai thich dong hoc qua trinh hoa tan dong trong bui déng thau. Khao sét ding lai &
ham lugng Fe?* 0,1M dé tranh nhiém ban qua nhiéu dung dich ddng ngam chiét va hon nita, 1a tranh tang
ndng d6 tong chét rin hoa tan cao c6 thé gay khé khin cho cac budc xi ly tiép theo [11].

Céc thong s tiép tuc duoc lya chon dya trén van téc ngam chiét ddng tir bui ddng thau bao gdbm pH 1,
H,0. 1,8% cung cap lién tuc vai toc do 1 mL/phdt, toc do khudy 60 vong/phut va ham lugng Fe** 0,1M Ia
t6i wru cho cac khao sat tiép theo.

Bang 3 Cac thdng s6 dong hoc khi thay d6i ham lwong Fe?*

M5 hinh kiém soét Bac 1 Khuéch tan cai bién
Céc thong sb R? kq R2 Kep
Fe?* 0,025M 0,98 0,0065? 0,96 0,00036%
Fe?* 0,05M 0,94 0,00572 0,99 0,000282
Fe?* 0,1M 0,94 0,0285P 0,82 0,00902°

Cac chi cai 2P khac nhau trén cang 1 cét thé hién su sai khdc c6 y nghia thong ké
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3.4. Khao st anh hwéng tée d9 khudy 1én qua trinh hoa tan bui dong thau

Két qua nghién ciru anh huong tée do khuay (30, 60 va 120 v/p) dén qua trinh hoa tan dong trong diéu kién
thi nghiém buyi dong thau 30g, pH = 1, H,0, 1,8 g/L= 1mL/phdt, [Fe**] 0,1 M va t = 120 phut duoc trinh
bay trong Hinh 5. Két qua cho thy khi toc do khudy thay d6i 30, 60, 120 vong/pht, sau 2 gio hiéu suat
ddng ngam chiét duoc lan luot 1a 64, 97 va 81%. Két qua cho thay truong hop téc d6 khuay cham 30
vong/phut thi hiéu suat hoa tan Cu rat thap, hiéu suit ting manh 97 %, khi ting téc do khudy lén 60
vong/phat nhung khi tiép tuc ting téc do khuay thi hidu suit lai giam. Diéu nay c6 thé dugc ly giai khi ting
téc do khudy s& ting qua trinh thoat O, tao diéu dién cho phan ung 4 xay ra, phan ng phan hiy H,O, thuan
loi va lam giam hiéu suat hinh thanh OH*. Ly giai tuong tu ciing dugc tim thay trong bao céo cua Sokié va
cong su [20]. Tir két qua nghién ctiu cho thiy & téc d6 khuay 60 v/p, [Fe?*] 0,1M, pH 1, bui dong thau 30
g, H2021,8 % v&i luu lwong 1mL/phat cho hiéu suat hoa tan Cu cao nhat 97% sau 120 phdt thuc hién phan
ung, Hinh 3.
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Hinh 3 Anh huong caa van toc khudy dén ti 1é Cu hoa tan theo thoi gian (Piéu kién thi nghiém bui ddng thau
30g, pH =1, H,02 1,8 g/L véi lwu lugng 1mL/pht, [Fe?*] 0,1 M va t = 120 phiit)

Két qua tinh toan cac thong s6 dong hoc qua trinh hoa tan dong khi thay dbi toc do khudy duogc trinh bay
trong Bang 4. Két qua cho thay khi tang toc d6 khudy, vai moé hinh dong hoc bac 1 thi moi tuong quan R?
dao dong 0,91 - 0,94, hing s6 van toc do bac 1 (ki) thay doi lan luot 2 82.10; 285.10* va 137.10*. Két
qua cho thay mo hinh dong hoc bac 1 phu hop dé giai thich co ché qua trinh hoa tan dong, qua trinh dugc
kiém soat bang phan wng hoa hoc bé mat. Khi dé tdc d6 khudy chi co thé 1am tang van téc phan tng dén
mot gidi han nao d6 thi khong ting dwoc nira. Ly giai twong tu ciing duoc tim thay trong nghién ctiu cua
Zhou va cong su [22]. Do do, khi ting tbc do khudy 1én 120 vong/phut thi tbc do hoa tan dong lai giam,
diéu nay cd thé ly giai tdc do khudy da tang qua trinh giai phong O, trong dung dich, thiic day phan ang 6,
8 va 9 lam giam hiéu qua qué trinh.

Véi mo hinh khuéch tan cai bién thi ciing cho thiy hang s6 van tdc ting, giam tuong tu va méi twong quan
R2 ciing giam lan luot 0,99; 0,82 va 0,83 tuong wng Vi hang s6 ke 12 5,6.10; 90,2.10 va 15,8.10*, Bang
4. Piéu nay c6 thé duoc ly giai do khi van tdc khuay tang tir 30 1én 60 vong/pht téc do phan ung dugc
kiém soét chu yéu bang qua trinh khuéch tan nhung khi tiép tuc ting toc do khudy I&n 120 vong/phit qué
trinh lai c6 th& dién ra theo cac phan tng 6, 8, 9 lam giam toc d6 qua trinh.

Nhin chung, khi thay ddi tbc d6 khudy, d6i véi mé hinh dong hoc bac 1, dugc kiém soat boi co ché phan
g hoa hoc bé mat 1a pht hop hon dé giai thich co ché cua qua trinh hoa tan dong tir bui dong thau. Phan
tich su khéc biét cac gia trj trung binh cia hing sé van toc ki va ke cho thiy céc gid tri sai khac 1a co y
nghia thong ké khi thay doi téc do khuay, Bang 4. Cac thong sé tiép tuc dugc lya chon dya trén van toc
ngam chiét thu hoi dong tir bui dong thau bao gom pH 1, Fe?* 0,1M, H,0, 1,8% cung cap lién tuc vai toc
d6 1 mL/pht, tc do khudy 60 vong/phut 1a ti wu cho cac khao sét tiép theo.
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Bang 4 Céc thong s6 dong hoc khi thay doi téc do khudy, cac chi cai khac nhau trén ctng 1 cot thé hién sy sai
khac c6 ¥ nghia thong ké

M5 hinh kiém soét Bac 1 Khuéch tan cai bién
Céc thong s6 R2 K1 R2 Keb
V 30 vong/phat 0,91 0,00822 0,99 0,000562
V 60 vong/phut 0,94 0,0285¢ 0,82 0,00902¢
V 120 vong/pht 0,94 0,0137° 0,83 0,00158P

Céc chir cai 2° khac nhau trén cuing 1 cét thé hién si sai khdc cé y nghia thong ké
3.5. Khao sat anh huéng ham lwgng H,O: 1&n qua trinh hoa tan bui déng thau

Céc thi nghiém duoc tién hanh véi & pH 1, Fe?* 0,1M, téc do khudy 60 vong/phut, luu lwong H.0; 12 1
mL/phit véi cac ham lugng 0,9; 1,8 va 3,6 %, két qua dugc trinh bay trong Hinh 4. Két qua cho thay sau 2
gio thi nghiém, hiéu suat dong hoa tan lan luot 12 84, 97 va 60 %. Két qua cho thay ham lugng H20, 0,9 %
thi hiéu suat hoa tan Cu thap, khi tang 1én 1,8% thi hiéu suét tang 1én 97%, c6 thé do su gia tang sb luong
cac goc hydroxyl (phan tng 1) [10]. Tuy nhién, khi tiép tuc tang thi hiéu suat lai giam manh con 60 %.
Diéu nay c6 thé Iy giai: viéc ting nhanh ham luong nap Hz20; lam that thoat géc tu do dya theo cac phuong
trinh 4, 5 va 7, 1am giam san sinh géc ty do, gian tiép lam giam hiéu suat phan ung. Ly giai tuong tu ciing
c6 trong cac nghién ctru trusc do cho rang luong H.0, phan hay s& tang manh khi H,0; ting [11, 9, 10].
Tir két qua nghién ciu cho thay & ham luong H20, 1,8 % véi luu lugng 1mL/pht véi cac didu Kién di kém
nhu Hinh 4 cho hiéu suat hoa tan Cu cao nhat 97% sau 120 phut thuc hién phan @ng, Hinh 4.

Két qua nghién ciru tinh toan cac thdng sb dong hoc dugc trinh bay torng Bang 5. Két qua cho thiy khi nap
v6i luu lugng 1 mL/phdt & cac ham lugng H20, 0,9; 1,8 va 3,6%, véi md hinh dong hoc bac 1 thi mdi tuong
quan, lan luot 12 0,96; 0,94; 0,96 va hang s6 van toc do lan luot 12 151.10%; 285.10* va 70.10*. Vi mod
hinh khuéch tan cai bién thi ciing cho thay hang s van tc ting, sau d6 giam twong tu va mbi twong quan
R? ciing 1an luot 0,96; 0,82 va 0,91. Két qua twong tu ciing dugc tim thay trong nghién ciru cua Sokié, va
cong su cho rang co ché phan &g bé mat hda hoc [20]. Phan tich su khac biét cac gia tri trung binh cua
hang sb van toc ki va ke, cho thiy cac gia tri sai khac 1a ¢6 ¥ nghia thong ké khi thay doi ham lugng H,O,
Bang 5.
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Hinh 4 Anh huéng caa ham lwong H20; véi luu lwong 1 mL/phit dén ti 16 Cu hoa tan (bui déng thau 50g, pH =
1, Fe?* 0,1M, v = 60 v/p va t = 120 pht)
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Bang 5 Cac thong sé dong hoc khi thay d6i ham lugng H,02 nap vao 1mL/phdt

MBS hinh kiém soat Bac | Khuéch tan cai bién
Céc thong s6 R2 K1 R2 Keb
H,0, 0,9% 0,96 0,0151° 0,96 0,00202°
H,0, 1,8% 0,94 0,0285¢ 0,82 0,00902¢
H,0, 3,6% 0,96 0,00702 0,91 0,000422

Céc chir cai 2P khac nhau trén cung 1 cét thé hién sir sai khdc cé y nghia thong ké
Céc thdng sb hoa tan dong tir bui ddng thau dua trén hang sé dong hoc cua cac nghién ciru thuc nghiém
cho thay qué trinh ngam chiét ¢ khéi lugng bui déng thau 30g, pH 1, Fe?* 0,1M, téc d6 khudy 60 vong phat
va ham lugng H202 1,8% Véi luu lugng 1 mL/phdt 12 ti wu trong diéu kién thuc nghiém khao sat. M6 hinh
dong hoc bac 1 1a phu hop dé giai thich co ché hoa tan dong trong bui dong thau va co ché kiém soét tbc
d6 theo co ché phan tng héa hoc bé mit.

4. KET LUAN

Két qua nghién ctru cho thay thi nghiém tién hanh ¢ pH 1, [Fe**] 0,1M, téc d6 khudy 60 vong/phit, ham
lugng H202 1,8% véi luu lwong 1 mL/phit cho hiéu suit hoa tan ddng cao nhét dat 97 % sau 2 gio khao
sat. Tai diéu kién thi nghiém nay mé hinh d6ng hoc bac 1 va mé hinh dong hoc cai bién tich hop phi hop
dé md ta qua trinh dong hoc hoa tan bui ddng thau dé thu hoi dong, trong d6 mé hinh déng hoc bac 1 1a phu
hop hon. Co ché kiém soat qué trinh dong hoc 13 co ché phan tng hoa hoc bé mat. Két qua nghién ctu cho
thay hé Fenton c6 thé sir dung dé hoa tan thu hdi dong tir bui dong thau cta cac co so gia cong dong thau
lam co s& cho cac nghién cau tiép theo nhu dién phan thu hoi dong kim loai, san xuat hda chét.

LO1 CAM ON

Chuing t6i chan thanh cam on nhém sinh vién DPHMT 13, Vién KHCN & QL Mai truong, truong DPHCN
Tp HO Chi Minh da ho trg. Chiing t6i cling xin cam on cdc nha khoa hoc dé phan bién, gop y dé ching toi
hoan thién hon bai viét ctia minh.
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USING THE FENTON PROCESS TO DISSOLVE BRASS DUST: A KINETIC STUDY
OF COPPER DISSOLUTION
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Abstract. Waste dust from brass polishing facilities, which has a high copper content, has economic value
that needs to be recovered. Dissolution for copper from brass waste dust based on the Fenton process is one
of the hydrometallurgical solutions of great interest because it has economic and environmental benefits.
Experimental design method was used to determine suitable parameters including pH, Fe?* content, stirring
speed and H,O- content for copper dissolution from brass dust was carried out. Kinetic models and kinetic
parameters have also been determined. The results showed that the copper dissolving efficiency reached
97%, along with the largest dissolution rate constants during the reaction at pH 1, 0.1M [Fe?'], stirring
speed 60 rpm, H20- content 1.8% with flow rate of 1 mL/min, in 2 hours survey. Kinetic data have shown
that a first-order kinetic model can be used to explain the kinetics of copper dissolution from brass dust and
that the mechanism of this process is controlled by the above surface chemical reaction. Research results
have shown that the Fenton process can be used to dissolve copper from brass dust as a basis for further
research such as electrolysis to recover metallic copper or chemical production.
Key words: Fenton process, copper, leaching, brass dust, recovery
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