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R(M-B)X | _(D)-CnHznCN .
I

trong do R la nhém hydrocacbon bao hoa hoac khong bao hoa, mach théng hodc mach
nhanh, c6 8 dén 26 nguyén tir cacbon,

o R
L PO N
R'= O hoic N hodc N hodc
| | |
T3 H “ \‘x‘
R— R Rﬂwff \E:}

R’’ 1a nhém hydrocacbon bao hoa hodc khong bao hoa, mach théng hoac mach nhanh,
c6 1 dén 26 nguyén tir cacbon hodc nguyén tir hydro hodc nhom (-(D);-CyH2,CN) hoac
nhom R_((A)m_(B))X)

Ala ('O'CHZCHZ'); (-O-CH(CH3)CH2-) hOé:lC (-O-CH(CHQCHg,)CHQ-),

B 1a (-O-C,Hyp-),

D 1a (-CH,CH,-0O-); (-CH(CH;3)CH,-O-) hodc (-CH(CH,CH3)CH,-O-),

X béng 0 hoac 1,

R’’’ 1a nhém hydrocacbon c6 1 dén 4 nguyén tir cacbon,

Y la halogenua hodc metylsulfat,

m, j doc 1ap v6i nhau 1a s6 nguyén tir 0 dén 3,

R’’”” 1a nhém hydrocacbon bao hoa hodc khong bao hoa, mach théng hodc mach nhanh,
c6 1 dén 26 nguyén tir cacbon, va

n va p doc lap véi nhau 1a s6 nguyén tir 1 dén 5.

Sang ché con dé cip dén ché pham tuyén ndi chira hop chit chira nhoém nitril néu trén
va it nhat mot chat tuyén ndi hodc hop chét tao bot.
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Linh vire ky thudt dwoc dé cap

Sang ché lién quan dén quy trinh xt Iy quang kim loai hodc khoang, ching han
nhu quing chtra ddng hodc sulfua, va cac ché pham tuyén ndi duge sir dung phu hop
trong cac quy trinh nay.

Tinh trang ky thuit céia sang ché

Tuyén ndi 1a qué trinh hoa 1y dugc sir dung dé tach hat chét khoang duoc xem 1a
¢6 gié trj kinh té ra khoi phan dugc xem 1a chét thai. Qué trinh nay dwa vao bot khi c6
kha ndng gén mot cach chon lgc vao nhiing hat trudc d6 duoc bién thanh ky nudce. Khi
d6 cac t hop hat-bot ndi 1én di vao pha bot dwgc tach ra tir budng tuyén ndi, trong khi
c4c hat va nudc van nim trong budng tuyén nbi. Tinh chat ky nuéc cia hat 1a do céc
hoa chit dic biét duoc goi 1a chat tuyén ndi gy ra. Trong cac hé thdng tuyén ndi truc
tip, cac chét khoang c6 gia tri kinh té duoc bién thanh ky nuéc duéi tic dung cta chét
tuyén ndi. Tuong tu, trong cac hé théng tuyén nbi nguoc, chit tuyén ndi tao tinh chit
ky nuéc cho nhitng hat khoang dugc xem la chat thai. Hiéu qua cia qud trinh tach
duoc dinh lugng vé kha ning thu hdi va phdm cip. Kha nang thu hdi chi ti 16 phan
trdm san pham c6 gia tri cé trong quing dugc tach ra di vao dong ddm dic sau khi
tuyén nbi. Phdm cAp chi ti 1& phin traim san phim c6 gid tri kinh té trong dong dam dic
sau khi tuyén ndi. Gi4 tri cao hon ctia kha nang thu hdi hoic phdm cép chi ra hé théng
tuyén ndi ¢6 hidu qua cao hon.

Trong qué trinh tuyén ndi, ngoai cac chit tuyén nbi, cic chit tao bot ciing ¢ thé
duoc sir dung. Cac chét tao bot ¢6 3 chirc nang chinh, cu thé 1a ching gitp tao the‘mh
va giit gin bot nhd, chiing giam van toc nbi cta bot va chiing giup tao thanh vang bot.
Theo nghia ndy chung c6 vai tro hoan toan khéc véi cac chit tuyén ndi 1 cac chét noi
chung cin dé truyén tinh wa béo cho cac chat khoang dé 1am ching ndi. Cac chét hoat
dong bé& mit dat duge diu d6 bang cach hdp thu 1én bé mit chét khoang lam cho
chiing ddy nudc, giam do bén cia 16p hydrat hoa tach chat khoang ra khéi bot khi dén
muc d6 ma viéc gan céc hat vao bot khd co thé dugc thuc hién. Vi ly do nay, cac chét

tao bot khac biét & chd can c6 gia tri log P thap hon nhiéu so véi cic thanh phéan chét
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tuyén ndi, hodc noi cach khac 13, céc chét tao bot noéi chung wa nudc hon céc chét
tuyén ndi.

Quing kim loai, ndi bat nhét 13 quing dong cling véi cac kim loai nhém vang,
bac va bach kim (PGM) di kém thudong duoc tuyén ndi véi xantat, dithiophosphat,
thionocacbamat, thiocacbamat, mercaptobenzylthiazol, —monothiophosphat va
dithiophosphinat. Xantat chiém wu thé trong nganh khai khoéang trong hau hét thé ky
hai muoi, nhung khi nhu cdu x4c dinh nhitng quing khé hon tré nén bic thiét trong
thoi gian gin day, cac chét tuyén ndi t6t hon nhu dithiophosphat da dugc phat trién. Vi
du, khi thuc hién qué trinh tuyén néi quing ddng sulfua chtra lugng 16n pyrit, hén hop
propyl etyl thiocacbonat va propyl métyl dithiophosphat 1a vi du cua chit tuyén nbi c6
thé dugc st dung.

Nganh xir ly dong st dung lugng 16n chit d& chim d4 mach (dit phé bo sau khi
da sang loc dé 14y quang) nhu voi dé de chim pyrit (FeS,), sulfua dioxit va sunfit d& d&
chim galena (PbS), mubi xyanua dé dé chim sphalerit (ZnS) va pyrit, natri hydrosulfit
va natri sulfua dé dé chim ddng dé tuyén ndi molybdenit (MoS,).

Khong phai 1a hiém khi cdc nha méy xt Iy thém 1.000g/tAn véi lam chét d& chim
trong qua trinh xr ly quing dong. Nguoi ta da biét rd rang voi loai bod céc ion ddng ra
khéi dung dich, diéu nay c6 thé kich hoat bé mat ctia pyrit va cic chét khoang khong
mong mudn khac. Vi ciing thé hién kha nang lam cho bé mat pyrit va cac chat khoang

khéc tré nén ua nudce hon, nho d6 gidm xu huéng noi 1én.

Pon US 2,166,093 bdc 16 ring cac chit tuyén ndi nitril hidu qua trong tuyén ndi
quing déng nhung tiét 16 viéc st dung hop chét c6 chi mot nhoém chure nitril v6i thanh
phﬁn béo ky nuée ¢ 10 cacbon hodc it hon. Pon US 2,175,093 bde 16 viéc st dung
céc dinitril béo (c6 cong thirc cdu tao tong quat 12 CN-R-CN, trong d6 R 1a nhém
alkylen) lam chit tuyén ndi ndi trong qué trinh tuyén ndi quang dong.

Pon US 4,532,031 bdc 16 quy trinh tuyén ndi dé xir ly quang dong. Quy trinh bao
odm sir dung hop chét tao bot c6 cong thire R-W-Cn(XY)-Z trong d6 R 1a nhém alkyl
c6 tbi da dén 12 nguyén tir cacbon, W ¢6 thé 13, ngoai nhitng nhém khéc, oxy, imino
hodc imino co thé va Z c6 thé 13, ngoai nhimg nhém khac, nhém nitril. Trong céc vi
du, chét tao bot, vi du, c6 thé 13 isobutyl xyanoetylamin hodc isobutyl xyanoetyl ete,

tic 14 cdc hop chit trong d6 mach alkyl 1a isobutyl (nhém alkyl c6 4 nguyén tir
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cacbon). Céac hop chét tao bot nay dugc st dung trong cac vi du c6 gia tri log P duéi 1,
tirc 1 trong cac phuong an thuc hién, cac hgp chét rat wa nu6e dugce sir dung, didu nay
khién ching thich hop dé sir dung véi vai tro chit tao bot.

Cong bé don quéc t& WO 87/032222 (WO 222) boc 16 cée ché pham tuyén ndi
dé tuyén ndi cac chat khoang c6 gid tri. Cac chét tuyén ndi duoc cho 1a duge chon tir
nhém 16n cia céc hop chit bao g&‘)m (dugc goi 1a nhdm Q), bén canh tat cé‘ cac loai
amin, imin va amit, cac nitril, trong d6 cic hop chit c6 thé c6 mach alkyl ngin tham
chi ca alkyl C1 (dugc goi 1a nhém R1), va cac hop chét nay c6 thé chira vi loai nhém
chirc ¢6 nguyén t khéac loai (dugc goi la nhom X). Céc thanh phin chét tuyén nbi
duoc wu tién trong tai liéu WO 222 nay dugce cho la cdc amit va amin (nhém Q) va
trong cac phuong dn dugc vu tién khac, chung 1a amin va amit c6 nguyén tir luu huynh
trong cdu tao (nhém X). Trong céc vi du, quing ddng duoc tuyén ndi nhung ciing
trong d6, khong cé thanh phan chét tuyén nbi c6 nhém chirc nitril ndo duge s dung
ma thay vao d6 1a st dung cac amin va amit c6 nhém chirc thiol.

Cong bd don qudc t& WO 2007/059559 boc 16 quy trinh xt 1y quing dong trong
d6 stt dung ché phim tuyén nbi chua hop chat nitril. Céc hop chat nitril dugc thir
nghiém theo tai liéu nay la hexyl dinitril va mot s6 alkyl mononitril c6 mach alkyl véi
it nhét 4 nguyén tr cacbon. Tai liéu nay cho thiy 11 nguyén tir cacbon hogc nhiéu hon
trong thanh phin ky nuéc duge gin vao nitril hiéu qua hon trong qué trinh tuyén ndi
sulfua déng, Au, Ag va cac nguyén t6 nhém bach kim (PGE). Céc vi du dugc dua ra
vé thanh phan ky nuéc 1a dan xuét cia axit béo dau dira vd m& dong vat.

C6 nhu cau lién tuc vé viéc tim ra cac chét tuyén ndi tét hon cho quang kim loai
hoic chit khoang, ching han nhu quing dong hozc sulfua, d6 1a do nhu ciu xir ly
quang co pham cip thip hon va quing chia cac chét khoang @ mach kho tach ra khoi
kim loai (ddng) hoic chit khoang va bét loi d6i voi cac quy trinh tinh ché va chit
luong ciia thanh pham.

Ban chét k§ thuat ciia sing ché

Sang ché dé xuét quy trinh cai tién dé xur Iy quang kim loai hoic khoéng, ching
han nhu quing déng hoic sulfua, va céc ché phdm tuyén ndi dé st dung trong quy
trinh d6 véi phim cép va mirc do thu hdi tét hon. Sang ché con dé xuét cai thién & chd

¢6 nhu cau it hon doi véi viéc thém chét dé chim nhu chat de chim 1a voi.
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Sang ché & xuét quy trinh xtt ly quing kim loai hodc khoang véi ché phim
tuyén ndi bao gdm hop chét chira nhom nitril c6 cong thirc (I)

R-((A)m-(B))x\ '/(D)J-CnHanN

R M

trong d6 R 12 nhém hydrocacbon bao hoa hodc khong bdo hoa, mach thang hodc

mach nhanh, c6 8 dén 26 nguyén ti cacbon,

‘ ;{?ﬂ
v o N
R'= O hoge N hoic N hodc |
" E;,:as ff \1 )
R wa*’ {)

R’’ 1a nhom hydrocacbon bdo hoa hoac khong bdo hoa, mach théng hodc mach
nhénh, ¢6 1 dn 26 nguyén tir cacbon hoic nguyén t& hydro hoic nhém (-(D);-
CyH2,CN) hodc nhom R-((A)n-(B))x,

A 14 (-O-CH,CH,-); (-O-CH(CH3)CH,-) hodc (-O-CH(CH,CH3)CH,-)

B 14 (-O-CyHyyp-)

D 1a (-CH,CH,-0O-); (-CH(CH;)CH,-O-) hoic (-CH(CH,CH3)CH,-0O-)

x bang 0 hoic 1

R’ 12 nhém hydrocacbon ¢6 1 dén 4 nguyén tir cacbon

Y la halogenua hodc metylsulfat

m, j doc 1ap véi nhau la sé nguyén tir 0 dén 5

R’’*’ 1a nhoém hydrocacbon bdo hoa hoac khong bdo hoa, mach thang hoic mach
nhénh, c¢6 1 dén 26 nguyén tir cacbon

n va p doc ldp véi nhau la sé nguyén tir 1 dén 5.

Sang ché con d& xut cac ché phdm tuyén ndi chira thanh phan (a) tir 1% khdi
lugng dén 99% khéi lugng 14 hop chit chira nhém nitril ¢ cong thuc (I)

R-((A)m-(B D)j-CnH-onCN
((A)m~( ))X\R|/( )i 2

@

trong d6 R 1a nhém hydrocacbon bao hoa hodc khong bao hoa, mach théng hodc

mach nhanh, c6 8 dén 26 nguyén tir cacbon,
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- R™
' lo N
R'= O thosac N  hodc NT hoic £
| |
R’ 0

R’’ 1a nhom hydrocacbon bdo hoa hodc khong bdo hoa, mach thing hodc mach
nhénh, ¢6 1 8én 26 nguyén ti cacbon hodc nguyén tir hydro hoic nhém (-(D);-
C,H,,CN) hodc nhom R-((A)m-(B))x,

A 13 (-O-CH,CH,-); (-O-CH(CH;)CH,-) hodc (-O-CH(CH,CH3)CH,-)

B 1a (-O-C,Hap-)

D 1 (-CH,CH,-0O-); (-CH(CH;)CH,-O-) hodc (-CH(CH,CH;)CH,-O-) x bang 0
hoidc 1

R’’’ 1a nhém hydrocacbon ¢6 1 dén 4 nguyén tir cacbon

Y la halogenua hodc metylsulfat

m va j doc 1ap voinhau la sé nguyén tir 0 dén 5

R’**’ 1a nhom hydrocacbon bdo hoa hodc khong bao hoa, mach théng hodc mach
nhénh, c6 1 d&n 26 nguyén tir cacbon va n va p doc lap véi nhau la sé nguyén tir 1 d&én
5,va

thanh phan (b) tir 1 dén 99% khdi luong 14 it nhat mot trong cac chat tuyén ndi
dwoc chon tir nhém bao gdm cac chit tuyén ndi nitril, xantat, dithiophosphat,
thionocacbamat, thiocacbamat, —mercaptobenzylthiazol, —monothiophosphat va
dithiophosphinat va hydroximat, hodc chét tao bot dwgc chon tir nhém bao gdm céc
phenol, alkyl sulfat, rugu béo, rugu mach vong néi chung tir C5 dén C8, alkoxyalkan,
polypropylen glycol ete, polyglycol ete, polyglycol glyxerol ete, bazo pyridin, dau tu
nhién nhu terpineol (nhu trong dau théng) va cresol, ete hdn hop, dong san phim
aldehyt va xeton cua qud trinh san Xuét ruou oxo, ruou etoxylat hod.

MO ta vin tit cac hinh vé
FIG 1: dudng cong thu hoi, phim cép cua 3 loai nitril va chit tuyén ndi thong

thuong da biét ddi véi quing d6ng c6 ham luong pyrit cao. Khong thém vdi, pH tu
nhién 12 7,5-7,9.
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FIG 2: dudng cong hiéu qua cua 3 loai nitril va chét tuyén ndi thong thuong da
biét dbi véi quang déng c6 ham lugng pyrit cao. Khong thém voi, pH tu nhién 1a 7,5-
7,9.

FIG 3: duong cong thu hdi, phim cip cta 6 loai nitril va chét tuyén ndi thong
thuong dd biét véi sy c6 mit/khong c6 mit cua chét tao bot (MIBC) dbi véi quing

déng ¢6 ham luong pyrit cao. Khong thém voi, pH tu nhién 1a 7,5-7.9.

M6 ta chi tiét sang ché

Trong cac phuong an uu tién, cac hop chét chira nhém nitril c6 gia tri log P 16n
hon 3, wu tién hon 12 16n hon 4. Gi4 tri log P vu tién hon 1a nho hon 10.

P 12 chit viét tit ciia hé sb tach (partition-coefficient) va log P phan &nh ti s6 ndng
d6 ctia hop chét trong hdn hop hai pha khéng tron 14n & diém can bang. Do d6 ti s
nay la thudc do khéc biét vé d6 tan cia hop chét & hai pha d6. Mdt trong c4c dung mdi
12 nudc véi vai trd dung mdi va nude trong khi dung moi thir hai 1a 1-octanol ky nude.
Do d6 hé sb tach do tinh wa nuée hodc ky nude cia hgp chét hoa hoc. Gia tri log P vi
muc dich cia ban mo td nay duoc tinh bang céch st dung phén mém truc tuyén
ALOGPS 2.1 c6 tai trang web http://www.vcclab.org/lab/alogps/ vao thang 02/2018.
Tai liéu ctia R Mannhold, G Poda, C Ostermann, I Tetko, “Calculation of Molecular
Lipophilicity: State of the Art va Comparison of Log P Methods on More Than 96000

Compounds”, Journal of Pharmaceutical Sciences 2009, 98(3), 861-893 cung cp
thong tin khéc vé log P.

Uu tién hon 1a trong hop chit chira nhém nitril, R’ = O hodc N-R*’, va téng cua
m, j cong X bang tir 0 dén 10.

Uu tién hon nita la trong hop chit chita nhém nitril, R> = O hodc N-R”’, va téng
ctia m, j va x bang tir 0 dén 5. Uu tién hon nita 1a m va j doc 14p v6i nhau 1a 0, 1 hodc
2. Uu tién nhit 1a x bng 0.

A trong phuong &n uu tién 1a (-O-CH,CH,-) hodc (-O-CH(CH3)CH,-), va uu tién
nhét 1a (-O-CH,CH,-). Trong phuong 4n uu tién khac, p bang 3. D wu tién 14 (-
CH,CH,-0-) hoic (-CH(CH3)CH,-O-) va uu tién nhét 1a (-CH,CH,-O-).

Uu tién hon nita 12 hop chit chta nhém nitril c¢6 cdng thic R(R’’),-N-
(C,H,,CN),, trong d6 R nhu dugc dinh nghia trén day la nhém hydrocacbon bdo hoa

hoic khong bdo hoa, mach thing hoic mach nhénh, c6 8 dén 26 nguyén tir cacbon, R*’
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nhu duoc dinh nghia trén diy 1a nhom hydrocacbon bao hoa hodc khdng bdo hoa,
mach thing hodc mach nhéanh, c6 1 dén 26 nguyén tir cacbon hodc nguyén ti hydro, z
bang 1, 2 hoic 3, y bang 0 hogc 1, tdng z +y = 2 hodc 3 va n nhu dugc dinh nghia trén
day la s6 nguyén tir 1 dén 5.

O phan mo ta trén day, néu tong z+y bang 2, hop chit 14 hop chit amin; néu tong
z+y bang 3, hop chét 12 hop chat amoni.

Quy trinh theo sang ché c6 thé 1a quy trinh tuyén ndi truc tiép hoic tuyén nbi
nguoc. Vi du, véi quing chira ddng sulfua va kém sulfua, k&m bi d¢ chim va dong
duoc day ndi tach ra khoi kém sulfua. Quy trinh trong mét phuong 4n la tuyén nbi
nguoc kém sulfua. Khi quang ddng dugc day ndi, quy trinh trong mot phuong 4n 1a
tuyén nbi truc tiép.

Uu tién hon 13, R va R*” doc 14p v6i nhau 12 nhoém alkyl hodc nhom alkenyl ¢6 tur
0 dén 3 lién két chua bdo hoa, wu tién hon nita 1a R hodc R** ddc 1ap véi nhau 1a nhom
alkyl hodc alkenyl mach thénga wu tién hon nfta 1a alkyl hodc alkenyl C10-C20, hodc
wu tién hon 1a nhém C13-C20; vu tién nhét 1a R va R>’ ddc 14p v6i nhau 1a mach allyl
béo chéng han nhu mach cé thé c6 xuét x tir dau dira, m& dong vét, dau co, dau hat
co, dau db tuong, dau hat cai, dau hat bong, dau ngo.

Trong phuong én wu ti€n khac, z bang 1 hodc 2, wu tién hon 1a z bang 2.

Trong phuong an uu tién khéc, gia tri cia n bang 2 hoic 3.

Néu thanh phan (b) trong cac ché phim tuyén néi theo sang ché 13 chét tuyén nbi
nitril, cAn phai hiéu ring d6 1a hop chét nitril khac v6i hop chét chira nitril déng vai trd
thanh phan (a). Uu tién hon 13, thanh phin (b) 12 chét tuyén nbi xantat, dithiophosphat,
thionocacbamat.

Quang kim loai hodc chit khoang trong mdt s6 phwong 4n c6 thé 1a quing sulfua
kim loai chira déng, vang, bach kim, bac, niken, molypden, asenic sulfua, coban, kém,
chi, thiéc, antimon, wu tién hon 13, deng, kém, chi, vang, bach kim, hodc bac.

Quy trinh theo sang ché c6 thé lién quan dén céc chét phu gia va vit liéu b sung
khac thuong cé mit trong quy trinh tuyén ndi, ching c6 thé dugc thém vao dong thoi
hodc, wu tién hon 13, riéng biét trong quy trinh. Cac chét phu gia khac c6 thé c6 mat
trong quy trinh tuyén nbi 1a cac chét tuyén ndi khac (ching han nhu céc chét tuyén ndi
géc thiol, | nhu  xantat, dithiophosphat, thionocacbamat, thiocacbamat,

mercaptobenzylthiazol, monothiophosphat va dithiophosphinat va hydroximat hogc
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céc chét tuyén ndi nitril khéc), cac chit d& chim (chellng han nhu voi, tinh bdt, cromat,
xyanua, natri sulfua, kém sulfat, luu huynh dioxit, natri hydrosulfua, polysulfua, dong
sulfat, natri hydrosulfua, polyphosphat, cromat, tinh bdt, cac chit gdc xenlulo), cac
chat d& chim (ching han nhu natri silicat va axit polyacrylic (PAA)) va cac chét hoat
hoa (nhu déng sulfat, natri sulfua, natri hydrosulfua), cac chét tao bot/chét khuéy tiép
xtic véng/chit bién ddi vang/chét khir bot (ching han nhu rugu béo nhu MIBC, Flottec
FX120-01 va etyl hexanol, polypropylen glycol va ete ciia chung nhu Dowfroth 200,
Dowfroth 250, Dowfroth 1012, Flottec FX160-01, FX160-05, F160, F150; polyetylen
glycol va ete ciia chung nhu FlottecFX120-02, Nassaco MasFroth240 va Sasol
NovelFrother 234), va chit diéu chinh pH (ching han nhu natri hydroxit, voi hodc
natri cacbonat). Trong cac phuong an uu tién, voi dugce sit dung v6i luong tir khoang
10 dén khoang 1.000g/tAn quing véi vai trd diéu chinh pH va chét d& chim pyrit sit.

Theo khia canh khéc, sang ché lién quan dén bun vat liéu chira quang da nghién
va tan, ché phim tuyén ndi nhu dugc dinh nghia trong ban mé ta nay va tuy y c6 thém
cac chét trg tuyén ndi. Bun vat liéu nay cé thé dugc diéu ché trudce tién béng cach
nghién quing, sau d6 thém ché phim tuyén ndi hodc thém it nhit mot phin ché phim
tuyén ndi vao quing va nghién quing thanh bun vat liéu véi sy c6 mit cua it nhét mot
phan ché phim tuyén ndi.

Quing sulfua kim loai c6 thé dugc sir dung trong quy trinh theo séng ché c6 thé
bao gém cac quing chura stibnit, arsenopyrit, bismuthinit, greenockit, cobanit, carolit,
linnaeit, chalcopyrit, chalcoxit, bornit, cocelit, tenantit, tetrahedrit, enargit, argyrodit,
pyrhotit, pyrit, galena, jamesonit, cinnabar, molybdenit, penlandit, millerit,
heazelwoodit, argentit, acanthit, patronit, sphalerit, wurtzit va marmatit.

Luong chét tuyén ndi dugc sir dung trong quy trinh tuyén ndi nguoc theo séng
ché s& phu thudc vao lugng tap chét ¢ trong quing va hiéu qua tdch mong mubn,
nhung trong mét s6 phuwong an sé nim trong pham vi tir 1 dén 500g/tAn tinh trén quing
kho, wu tién hon la trong pham vi tr 5 dén 100g/tn quing kho, wu tién hon nita 13 5-
30g/tan tinh trén quing kh.

Vi du thye hién sang ché
Vidul

Quy trinh tuyén nbi
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500g quing ddng chira sit pyrit chita khodng 20% khéi lugng 13 pyrit duoc
nghién khong c6 véi hodc chit d& chim d4 mach bat ky. Thoi gian nghién dugc diéu
chinh dé tao ra san phim c6 80% di qua rdy c& 45 micron (Pgy = 45pm).

Quing nghién dugc dua vao buén‘g tuyén ndi Denver 1,41. Nuéc mdy (ty nhién
chira khoang 22g canxi/l) dugc thém vao dén mirc duge danh déu trong khoang (1,41)
va qua trinh trdn dugc bat diu. Mau quang dugc dé & pH cén béng tu nhién cuia né
trong qué trinh nghién va tuyén néi. Chét tuyén nbi nhu dugc trinh bay trong bang 1
dudi day (thiocacbomat/dithiophosphat, alkyl-nitril (ddu dira), alkyl-nitril (m& dong
vat) hodc N-alkyl-N-((di)xyanoetyl)amin) (m& dong vét) v6i luong 20g/tAn quing, va
chét tao bot (metyl isobutyl carbinol (MIBC)) véi lugng 20 g/tin quing duoc thém va
khué'ly tiép xuc trong 3 phut. Cac thi nghiém duogc thyc hién ¢6 (vi du tir A dén C) va
khong ¢ (vi du tir D dén G) voi lam chit d& chim. Cac qua trinh tuyén ndi tho hon sau
d6 12 ba cong doan 1am sach dugc thuc hién. Moi phan doan (dudi thai, trung gian va
quing tuyén) dugc thu thap va phan tich.

Bang 1-Xur ly quing ddng chira sit pyrit véi mot s& chit tuyén ndi c6 va khong

¢d chat deé chim

Vidu Chét tuyén nbi Liéu Liéu Liéu pH
luong | lugng lugng bién
chét chit tao | chit de dbi
tuyén nbi, | bot chim
o/thn (MIBC), | (vbi),

g/thn g/thn

A (so sanh) | Thiocacbomat/dithiophosphat | 20 20 600 10,4

B (so sanh) | Alkyl-nitril (Dau dira) 20 20 600 10,4

C N-alkyl-N- 20 20 600 10,4

((di)xyanoetyl)amin (m& dong

vat))
D (so sanh) | Thiocacbomat/dithiophosphat | 20 20 0 7,5-7,9
E (so sanh) | Alkyl-nitril (dau dura) 20 20 0 7,5-7.9
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F (so sanh) | Alkyl-nitril (m& dong vét) 20 20 0 7,5-7,9
G N-alkyl-N- 20 20 0 7,5-7,9
((di)xyanoetyl)amin (m& dong
vat)
Két qua

Két qua duoc trinh bay trong bang 2 va duge thé hién bang hinh anh trén FIG 1
va 2

Bang 2: % Cu dugc thu hoi déi voi quing dong, c6 va khong c6 voi thém vao.

Vidu Chét ‘tuyén nbi % thu hdi Cu
A (so sanh) Thiocacbomat/dithiophosphat 67,7
B (so sanh) | Alkyl-nitril (Dau dira) 65,0
C N-alkyl-N-((di)xyanoetyl)amin (M& dong vat) 71,4
D (so sanh) Thiocacbomat/dithiophosphat 64,5
E (so sanh) | Alkyl-nitril (Dau dira) 57,6
F (so sanh) Alkyl-nitril (M& dong vét) 35,2
G N-alkyl-N-((di)xyanoetyl)amin (M& dong vat) 81,4

N-alkyl-N-((di)xyanoetyl)amin hoat dong t6t hon chat tuyén ndi théng thuong da
biét trong viéc loai ra céc chit khoang dong trong d6 c6 hodc khong thém véi véi vai
trd chat d& chim. FIG 1 cho thiy N-alkyl-N-((di)xyanoetyl)amin c¢6 dudng cong thu
hdi phém cAp tét nhét, sau d6 1a alkyl-nitril (nitril dau dira).

Hiéu ning cta chét tuyén ndi cling c6 thé duoc chimg minh bing cach vé& dudng
% thu hdi Cu so vé6i tbng % thu hdi moi vt liéu trong quing tuyén. % thu hdi moi vét
lidu 1a két hop cua df”)ng va da mach khong mong mubn. Do d6, d6 thu hdi khéi lugng
gidm di va ddng thoi d6 thu hdi Cu ting 1a tinh huéng dugc mong mubn nhét. Khi

khong thém voi, N-alkyl-N-((di)xyanoetyl)amin 16 rang la ¢ hiéu nang t8t nhét. Khi
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voi dugce thém vao va pH duogc kiém soat & 10,3, N-alkyl-N-((di)xyanoetyl)amin dat %

thu hdi tét nhit. Moi miu c6 cing % phim cip trong quing tuyén cubi ciing.
Vidu?2

Quy trinh tuyén nbi

500g quing ddng chira sit pyrit chira khoang 7% khéi lugng 14 pyrit dugc nghién
ma khong c6 voi hodc chit dé chim d4 mach bit ky. Thoi gian nghién duge didu chinh
dé tao ra san phim véi 80% qua ray 33 micron (Pgo = 33um).

Quing nghién dugc dua vao budng tuyén ndi Denver 1,41. Nudc may (ty nhién
chira 22 g canxi/l) dugc thém vao dén mirc dugc danh diu trong khoang (1,41) va qua
trinh tron bit diu. MAu quing dugc d& & pH can bang ty nhién cia né trong qué trinh
nghién v tuyén nbi. Cac chéit tuyén nbi (N-alkyl-N-((di)xyanoetyl)amin (m& dong
vat), 3-(2metylpropoxy)propanenitril (“isobutyl  xyano etylete”), 3-
((2metylpropyl)amin)propanenitril (“isobutyl Xyano etylamin™), 2-
(hexylthio)ethanamin + 2-(metylsulfanyl)hexan (ti 1€ khéi lwong 50:50), N-alkyl-N-
((di)xyanoetyl)amin (m& dong vat) + 2-(metylsulfanyl)hexan (ti 1€ khéi lwong 50:50)
v6i lugng 20g/tén quang, va khong cé chét tao bot hoic chét tao bot (metyl isobutyl
cacbinol (MIBC)) v6i lugng 20g/tn quing dugc thém vao va khudy tiép xuc trong 1
phut.

Céc thanh phan chét tuyén ndi c6 gia tri log P nhu sau:

(N-alkyl-N-((di)xyanoetyl)amin (m& dong vat) 6,4

3-(2metylpropoxy)propanenitril 0,99

3-((2metylpropyl)amin)propanenitril 0,46

2-(hexylthio)etanamin 2,96

2-(metylsulfanyl)hexan 3,75

Céc qua trinh tuyén th6 sau do 1a hai cong doan lam sach da dugc thuc hién. Moi
phéan doan (dudi thai, trung gian va quing tuyén) dugc thu thap va phan tich.

Két qua

Két qua duoc trinh bay trén bang 3 va dugc thé hién bang hinh anh trén FIG 3.
Bang 3: % df‘)ng duoc thu hdi dbi voi quang dﬁ”)ng, chét tao bot dugc st dung la
MIBC
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Vi du (Céc) chét tuyén ndi % thu hdi Cu | % pham cip Cu
(quang tuyén | (quing tuyén
cudi cing) cudi cling)

A N-alkyl-N-((di)xyanoetyl)amin (md& | 96 28

dong vat)

B (so sanh) | 3-(2metylpropoxy)propannitril 78 34

khong chét tao bot

C (so sanh) | 3-(2metylpropoxy)propannitril + | 89 26

chét tao bot

D (so sanh) | 3-((2metylpropyl)amin)propannitril | 87 27

+ chét tao bot

E (so sanh) | 3-((2metylpropyl)amin)propanenitril | 45 34

khong chit tao bot

F (so sanh) | 2-(hexylthio)etanamin + 2-195 12

(metylsulfanyl)hexan
G N-alkyl-N-((di)xyanoetyl)amin (m& | 96 17

dong vat) + 2-(metylsulfanyl)hexan

Céc ché phdm tuyén ndi chira hop chit theo sang ché hoat dong t6t hon cac chét

tuyén ndi da biét trong viéc tach loai khoang ddng, nhu c6 thé thiy trong cac Vi du A

va G khong chi vé % thu hoi bang hodc cao hon ma con vé % pham cap Cu. Céc ché

phém tuyén ndi theo sang ché c6 hiéu qua tét hon sir dung hop chat khong c6 du tinh

ua béo nhu trong cac vi du so sanh tu B dén E, va chung con hoat dong tét hon cac

hop chét nitril thudc trinh d6 cong nghé hién nay, la céc chét wa béo hop ly nhu céc

chét trong vi du so sanh F. Vi du A cho két qua tét nhét khi hau nhu hqp chét nitril

theo sang ché duoc st dung.
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YEU CAU BAO HQ
1. Quy trinh xtt Iy quang kim loai hodc quing khodng véi ché phim tuyén ndi bao gdm
hop chat chira nhém nitril ¢6 cong thirc (I)
R-((A)m-(B))x\ ‘ /(D)j-CnHZnCN
R @)
trong d6 R 1a nhém hydrocacbon bao hoa hodc khong bao hoa, mach thang hodc

mach nhéanh, c6 8 dén 26 nguyén ti cacbon,

e ;{»FH
Y g N
R'= O hoic N hodc N hoac |
| )
# R* ~ 3”1
R R 0

R’’ 12 nhém hydrocacbon bdo hoa hodc khong bdo hoa, mach thiang hodc mach
nhanh, c6 1 d&n 26 nguyén tir cacbon hoic nguyén ti hydro hoic nhém (-(D);-
C,H,,CN) hodc nhom R-((A)m-(B))x

A 12 (-O-CH,CH,-); (-O-CH(CH;3;)CH,-) hodc (-O-CH(CH,CH3)CH;-),

B 1a (-O-C Hap-),

D 1a (-CH,CH,-0-); (-CH(CH;)CH,-0-) hoéc (-CH(CH,CH;)CH,-0O-),

X béng 0 hodc 1,

R’’’ 1a nhém hydrocacbon c6 1 dén 4 nguyén ti cacbon,

Y la halogenua hodc metylsulfat,

m va j doc 1ap voi nhau la sé nguyén tir 0 dén 5,

R’’*” 1a nhém hydrocacbon bdo hoa hodc khong béo hoa, mach thing hoic mach
nhanh, c6 1 dén 26 nguyén tir cacbon, va

n va p doc 14p véi nhau la sé nguyén tir 1 dén 5.

2. Quy trinh theo diém 1, trong @6 R’ = O hoic N-R>*, va tbng ciia m, j va x bang tir 0
dén 10.

3. Quy trinh theo diém 1 hodc 2, trong d6 téng ctia m, j va x bang tir 0 dén 5.

4. Quy trinh theo diém bét ky trong sb cac diém tir 1 dén 3, trong d6 hop chat chia
 nitril ¢6 cong thirc R(R*’),-N-(C,H,,CN),, trong d6 R la nhom hydrocacbon bdo hoa
hodc khéng bao hoa, mach thing hoic mach nhénh, c6 8 dén 26 nguyén tir cacbon; R*’

12 nhém hydrocacbon bdo hoa hogc khong bdo hoa, mach théng hodc mach nhanh, cé
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1 dén 26 nguyén tir cacbon hodc nguyén tir hydro; z bang 1 hoic 2;y bang 0 hoic 1;
tdng z+y =2 hoic 3 vanla s6 nguyén tir 1 dén 5.
5. Quy trinh theo diém bt ky trong sb cac diém tir 1 dén 4, trong d6 R va R>* doc lap
v6i nhau 12 nhém alkyl hodc nhom alkenyl ¢6 tir 1 dén 3 lién két chua bdo hoa.
6. Quy trinh theo diém bét ky trong s6 céc diém tir 1 d&én 3, trong d6 R va R>> ddc lap
véi nhau 1a nhom alkyl hodc alkenyl mach théng, dugc uvu tién hon 1a c6 10 dén 20
nguyén ti cacbon.
7. Quy trinh theo diém bat ky trong sd céc diém tr 1 dén 6, trong d6 quing kim loai
ho#ic quang khoéang 1a quang sulfua kim loai chira dong, Ve‘lng; bach kim, bac, niken,
molypden, cac asen sulfua, coban, kém, chi, thiéc, antimon, déng, vang, bach kim,
hodc bac.
8. Quy trinh theo diém bat ky trong sb cac diém tir 1 dén 7, trong d6 ché pham tuyén
ndi con chira it nhat mot trong sb chat tuyén ndi dugce chon tir nhém bao g?)m céc chét
tuyén ndi nitril, xantat, dithiophosphat, thionocacbamat, thiocacbamat,
mercaptobenzylthiazol, monothiophosphat va dithiophosphinat va hydroximat, hodc
chét tao bot duoc chon tir nhdm bao gf‘)m phenol, alkyl sulfat, cac rugu béo gém ruQu
mach vong C5-C8, alkoxyalkan, polypropylen glycol ete, polyglycol ete, polyglycol
glyxerol ete, pyridin bazo, diu tu nhién gdm terpineol va cresol, ete hdn hop, aldehyt
va céc ddng san phdm xeton ciia qua trinh san Xuét rugu oxo, rugu etoxylat hoa.
9. Quy trinh theo diém bét ky trong sb cac diém tir 1 dén 8, trong d6 quy trinh nay bao
g0m céc cong doan:

a) khudy tiép xtc quing kim loai hodc quing khoang dang bun, tuy y trong dung
dich nude, tuyén lic huyén phii v6i qua trinh tach bang tir tinh;

- tuy v, b sung chét tao bot;

- tuy v, khudy tiép xtc hdn hop véi chit @& chim tuyén ndi hodc chét kich dong
tuyén néi;

- tuy ¥, diéu chinh d6 pH

b) bd sung ché phdm tuyén ndi nhu duge md ta trong diém bét ky trong sb cac
diém tir 1 dén 8;

¢) tuy y, bo sung céac chat trg tuyén noi khac vao bun vét ligu, va
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d) thuc hién qué trinh tuyén ndi bang cach dua khong khi vao hdn hop quing-
nudc da duoc khuéy tiép xuc, va hdt bot duoc tao thanh dé thu hodi chét khoang

va/hodc cac kim loai.

10. Ché phém tuyén néi chira thanh phan (a) 6 tir 1% dén 99% khéi lugng 1a hop chat

chira nhém nitril ¢ cong thirc (I)

R-((A)m-(B))x _(D)-CnHnCN

N
R 1)

trong d6 R 1a nhém hydrocacbon bdo hoa hodc khong bio hoa, mach thing hoic

mach nhénh, c6 8 dén 26 nguyén i cacbon,

{:} i{?h‘
R'= O hoic N hoac N hodc
;L R R

R / ) {:}

R’’ 14 nhom hydrocacbon bao hoa hodc khong bdo hoa, mach théng hodc mach
nhénh, c¢6 1 dén 26 nguyén ti cacbon hodc nguyén ti hydro hodc nhom (-(D);-
CyH2,CN) hodc nhém R-((A)m-(B))x.

A 13 (-O-CH,CH,-); (-O-CH(CH;3;)CH,-) hoac (-O-CH(CH,CH3)CH,-),
B 1a (-O-C Hyp-),

D la (-CH,CH,-0-); (-CH(CH;)CH,-0O-) hoéc (-CH(CH,CH3)CH,-O-),
X béng 0 hodc 1,

R’>> 1a nhém hydrocacbon ¢6 1 dén 4 nguyén tir cacbon,

Y 1a halogenua hodc metylsulfat,

m va j doc 1ap véi nhau 1a sd nguyén tir 0 dén 5,

R’’’ 1a nhém hydrocacbon bdo hoa hodc khong bao hoa, mach théng hodc mach

nhanh, c6 1 dn 26 nguyén tir cacbon, va

n va p doc 14p vdi nhau 1a so nguyén tir 1 dén 35; va
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thanh phan (b) véi luong tr 1% khdi lwong dén 99% khdi lugng it nhat mot chat
tuyén ndi duge chon tir nhém bao gom céc chét tuyén ndi nitril, xantat, dithiophosphat,
thionocacbamat, thiocacbamat, mercaptobenzylthiézol, monothiophosphat  va
dithiophosphinat va hydroximat, hodc chit tao bot dugc chon tr nhém bao gf‘)m
phenol, alkyl sulfat, rugu béo gdm ruou mach vong C5-C8, alkoxyalkan, polypropylen
glycol ete, polyglycol ete, polyglycol glyxerol ete, bazo pyridin, dau thién nhién gdm
terpineol va cresol, ete hdn hop, aldehyt va cac ddng san phim xeton clia qua trinh san

Xuat rurou oxo, ruou etoxylat hoa.

11. Ché phédm tuyén néi theo diém 10, c6 tir 20% dén 80% khdi lugng 14 thanh phén
(a) va tir 20% dén 80% khéi lwong 1a thanh phan (b).

12. Ché phim tuyén nbi theo diém 10 hodc 11, trong d6 R’ = O hoac N-R*’, va téng
clia m, j va x bang tir 0 dén 5.

13. Ché phédm tuyén ndi theo diém bt ky trong sb cac diém tir 10 dén 12, trong d6 hop
chét cha nitril ¢6 cong thire R(R*)y-N-(C,H2,CN),, trong d6 R 1a nhém hydrocacbon
bdo hoa hodc khéng bdo hoa, mach théng hodc mach nhanh, c6 8 dén 26 nguyén tu
cacbon; R’ 12 nhom hydrocacbon bdo hoa hodc khong bdo hoa, mach thfmg hodc
mach nhénh, c6 1 d&n 26 nguyén tir cacbon hodc nguyén t hydro; z bang 1 hodc 2;y
bang 0 hodc 1; téng z+y =2 hodc 3 vanla sd nguyén tir 1 dén 5.

14. Bun vat liéu chira quang dong hoic sulfua da nghién va tan va ché phdm tuyén néi

bao gdm hop chit chira nhém nitril ¢6 cong thire (1)

R-((A)m-(B))x (D)j-CnHonCN

e
S @

trong d6 R 12 nhom hydrocacbon bao hoa hodc khéng bao hoa, mach thing hoic

mach nhanh, c6 8 dén 26 nguyén tu cacbon,

R*ii
oo N
R'= O hoic N hoic  N°  hoic :
| J
Ry R L N
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R’ 1a nhom hydrocacbon bdo hoa hodc khong bdo hoa, mach théng hoac mach
nhénh, c6 1 dén 26 nguyén tir cacbon hodc nguyén tir hydro hoic nhém (-(D)j-
C,H2nCN) hoac nhom R-((A)p-(B))x

A 13 (-O-CH,CH,-); (-O-CH(CH;)CH,-) hoéc (-O-CH(CH,CH;)CH,-),

B 1a (-O-C,Hy,-),

D 14 (-CH,CH,-0O-); (-CH(CH3)CH,-0-) hodc (-CH(CH,CH;)CH,-O-),

x bang 0 hoic 1,

R’’’ 1a nhém hydrocacbon c6 1 dén 4 nguyén tir cacbon,

Y 14 halogenua hoac metylsulfat,

m, j ddc 14p véi nhau la sd nguyén tir 0 dén 5,

R’>*’ 1a nhom hydrocacbon bdo hoa hodc khong bdo hoa, mach théng hoidc mach
nhénh, c6 1 dén 26 nguyén tit cacbon, va

n va p doc lap v6i nhau la sé nguyén tir 1 dén 5.
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