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(57) Séang ché d& cap dén phuong phip loai bé cac kim loai ning, dic biét la
cadimi, ra khoi hdn hop long chira axit phosphoric, trong d6 chat két tia kim loai
ning organothiophosphoro va chat hoat dong bé mat polyme dang ion, t6t hon néu
1a chét hoat dong bé mat copolyme polyacrylamit dang cation, cung duoc b6 sung
vao hon hop chuta axit phosphoric, t6t hon néu dudi cac diéu kién khue”ly tron manh,
nhu tir 500 va 700 vong/phut. Chét hoat dong bé mit polyme dang ion nay thiic day
qué trinh két tia cac kim loai nang. Cu thé hon, hdn hop chua axit phosphoric nay
1a hén hop thu duge tir qua trinh phan huy da phosphat bang axit, tt hon la bang

axit nitric, axit sulfuric, hodc hon hop cua chung.
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Linh vue ky thuat dwoc dé cap

Sang ché thudc linh vuc loai bo cac ion kim loai ndng, bao g61n nhung
khong chi giéi han & cadimi, tir hon hop axit trong quy trinh u6t. Cu thé hon, sang
ché dé cap t6i phuong phap loai bo céc ion kim loai ning, nhu cadimi, tir hdn hop

chua axit phosphoric.

Tinh trang k§ thuit cha siang ché

Céc kim loai nang nhu cadimi, d@)ng, niken, chi, k€m va thuy ngan chi duoc
chép nhan & mdt ham lugng nhét dinh, tuy thudc vao tng dung cu thé, do chung cé
ddc tinh va do vay ching cin phai dugc dugc loai bo hoan toan hodc ham lugng
cta ching can phai duogc giam dang ké. Nhidu quy trinh di duoc phat trién trong

nhling nam qua de loai bo cac kim loai nay.

Vé mat nay, d4 phosphat khai thac tir cic mo phosphat thudng chita céc tap
chét kim loai nang, nhu cadimi, déng, arsen, hoac thuy ngan. Vi du, cadimi thuong
c6 mat véi luong tir 0,15 dén 507 mg/kg da phosphat c6 ham luong phospho (P,05)
trung binh khoang 30% khéi lugng (Swe Swe Mar & Masanori Okazaki,
Microchemical Journal 104 (17-21), September 2012). Néu cic kim loai ning nay
khéng dugc loai bo khoi da phosphat trude hodc trong qua trinh phan héa ching
bang axit, nhu trudc hodc trong quy trinh nitro-phosphat, thi cac san pham gbc
phosphat va phan bon thu duge s€ chira cadimi va cac kim loai nang khac. Mot s6
dang cta kim loai nang, nhu cadimi, c6 thé duoc thuc vat hép thu va, do do, lot vao
chudi thire an. Vi du, cadimi c6 thé gay tén hai cho phéi, than, va xuong. Do d6,
can phai han ché ham luong cac kim loai ndng, nhu cadimi, trong phan bon. Lién
minh chau Au hién dang xem xét gidi han & muc 60 mg cadimi trén 1 kilogram

phospho (tinh theo P,Os). Tuy nhién, Phan Lan dang ap dung mot gid1 han tham chi
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con thép hon, nhu 21,5 mg cadimi trén 1 kilogram P,0s. Do vay, néng do cac tap

chat kim loai nang can phai duoc lam giam dang keé.

D3 biét cach két tha cac kim loai ning, nhu cadimi, trong quy trinh nitro-
phosphat hoic trong cic quy trinh khic, bao gdbm c4 quy trinh phan huy déa

phosphat bang axit.

US 4,378,340 bdc 16 phuong phap loai bo cac kim loai ndng tir qua trinh
dung axit dé phan héa da phosphat bang cach trung hoa mét phan céac axit dugc

dung va tiép d6 két tiia cac kim loai nang dudi dang sulfua.

US 4,986,970 bdc 10 phuong phap loai bo cac kim loai nang, dac biét 1a
cadimi, chu yéu 13 tir nudce cai thu duge tir quy trinh Odda, bang cach st dung cic
mudi kim loai cua cac dithiocacbonic axit-O-este, con dugc goi la xantat, ¢ d6 pH

nam trong khoang tir 1,4 dén 2,0 va ¢ nhiét d6 nam trong khoang tlr 5 dén 40°C.

US 2004/0179984 boc 16 quy trinh va hén hop dé loai bo cac ion kim loai
nang, nhu cac ion cadimi, déng, chi, niken, arsen, mangan, ké€m, va thiy ngan tu
quy trinh axit phosphoric wét. Quy trinh nay bao gom viéc xt 1y axit phosphoric
trude khi hoac sau khi loc thach cao béng axit diorgano-dithiophosphinic (hodc cac
mudi kim loai kiém hodc mudi amoni ctia chung), axit diorgano-dithiophosphoric
thir nhét (hodc cac mudi kim loai kiém hodc mudi amoni ciia chiing) va tuy ¥ axit
diorgano-dithiophosphoric thir hai (hodc cac mubi kim loai kiém hoic mudbi amoni
cua chung), két tua cac kim loai nhu cadimi, déng, chi, niken, arsen, mangan, kém
va thiy ngan & nhiét d6 ndm trong khoang tir 10 dén 85°C va t6t hon néu tir 50 dén
80°C, va phén tach phan loc béng cach loc hodc tuyén ndi. Trong tai lidu d6, cac vi
du thwe hién chi cho thiy rang céc hop chét nay c6 hiéu qua trong axit phosphoric,
cu thé & nhiét d6 ndm trong khodng tir 60 dén 80°C.

EP 0091043 bdc 10 viéc st dung céac chét loai bo kim loai ning twong tu nhu
cac chét da boc 1 trong US20040179984 dé loai bo cadimi bang cach két tia tir
quy trinh Odda.

W02019071108 boc 16 vide st dung dong thoi cac hop chét

organothiophosphoro va chét hoat dong bé mat, cu thé 1a cac hop chét sulfosuxinat
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va céc este polyetylenglycol dé loai bo cac ion kim loai ning tir cac dung dich nuéc
chira axit phosphoric, cu thé trong cac giai doan khac nhau cua quy trinh w6t dé san

xuét axit phosphoric.

Tuy nhién, mic du trong tinh trang k¥ thuat da biét nhiéu cach khac nhau,
nhung viéc loai bo cac kim loai ndng, nhu cadimi, tor qua trinh phan hoa da
phosphat bang axit ddm dic, nhu axit nitric, van con nhiéu thach thiic do chinh céac
diéu kién axit va oxy hoa trong nudc cai, va sy c6 mat cia canxi cling co thé anh
huong to1 viée két tua kim loai nang. Ngoai ra, sy nhiém tap kim loai nang, dac biét
1a cadimi, vAn 12 mot mbi lo ngai cho stc khoe cong ddng. Trong hoan canh nhu
vay, nhu d4 néu trén, cic co quan quan 1y tiép tuc ap dat gioi han thap hon déi véi
muic ndng d6 co6 thé chip nhan duoc cia céc kim loai nang, dic biét la cadimi. Do
vay, van c6 nhu ciu ddi vdi cac phuong phéap 5t hon dé loat bé mot cach co hiéu

qua cac kim loai nang, nhur cadimi, tir hon hop chira axit phosphoric.

Ban chit k§ thuit ciia sing ché

Sang ché d& cap dén cac phuong phap cai tién dé loai bo cac kim loai ning,
dac biét 1 cadimi, ra khoi hdn hop long chira axit phosphoric, nham dap img nhu
cdu néu trén. Trong phuong phéap theo sang ché, cac kim loai ning duoc két tua
bing cach bd sung chit két tia kim loai ning organothiophosphoro két hop v&i chat

hoat dong bé mit polyme dang ion vao hdn hop long chira axit phosphoric.

T6 hop cia chat két tua kim loai nang organothiophosphoro va chét hoat
dong bé mat polyme dang ion, dac biét la chat hoat dong bé mat copolyme
poly(meth)acrylamit cation, c6 thé két tia va loai bo mét cach c6 hiéu qua kim loai
nang tir hdn hop chtra axit phosphoric. Phuong phdp theo sang ché nay dic biét
thich hop dé loai bo cac kim loai nang, nhu cadimi, tur hdn hop 16ng cua quy trinh
nitro-phosphat, chita ca axit phosphoric 1an axit nitric, ma khong tao ra hydro
sulphua hodc NOx tir cac phan tng phu ctia chit két tia kim loai ning dugc dung.

Theo mdt khia canh, sang ché dé xuit phuong phap loai bd cac kim loai
ning, dic biét 1a cadimi, hoa tan trong hdn hop chira axit phosphoric, bao gbm cac

budc:
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(a)  chuén bi hén hop chita axit phosphoric bao gdm cac kim loai ning

hoa tan, nhu cadimi;

(b)  két tha cac kim loai ning hoa tan nay bang cach bd sung chét két tua
kim loai nang va chét hoat dong bé mat vao hdn hop thu dugce ¢ budce (a), 6 do pH
bang it nhit 1,6, duoc do sau khi pha lodng bang 13 lan thé tich nudc, nho d6 thu
duoc két tia kim loai nang trong hdn hop chira axit phosphoric, trong d6 chat két
tia kim loai ning nay bao gdm axit diorgano-dithiophosphinic hoac mubi kim loai

kiém hodc muoi amoniac ctua chung, c6 Cong thtc 1

Cong thtrc 1

trong d6 R 1a gc hydrocacbon mach thang hodc mach nhanh dugc chon tur
alkyl, aryl, alkylaryl, hodc aralkyl, va trong d6 gc hydrocacbon nay c6 tir 3 dén 20

nguyén tu cacbon, va M 1a H, kim loai kiém hodc amoniac; va

(¢c)  phan tach két tua kim loai nang nay tir hén hop chira axit phosphoric

thu dugc & budc (b);

trong do chét hoat dong bé mat 1a chat hoat dong bé mat polyme dang cation
trong dé tir 20% dén 80%, t6t hon néu tir 20% dén 60%, tot hon nita néu tir 20%
dén 50% cac gdc cAu thanh chét hoat dong bé mit polyme dang cation la cic gbe co
dién tich cation, chit hoat dong bé mit polyme dang anion trong dé tr 1% dén 10%
cac géc cau thanh chat hoat dong bé mat polyme dang anion la cac géc co dién tich

anion, hodac hon hop cua chung.

Theo mdt phuong 4n cua sang ché, chat hoat dong bé mat la polyacrylamit
dang cation hoac polymetacrylamit dang cation, véi cac gbe ¢o dién tich cation
nam trong khoang tir 20% dén 80%, t6t hon néu nam trong khoang tir 20% dén
60% hodc 20% dén 50% hodc tir 30% dén 50%, tot hon nita néu ndm trong khodng
flr 35% dén 45%.
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Theo mdt phuong 4n cua sang ché, chit hoat dong bé mit 1a copolyme cua
(meth)acrylamit, t6t hon néu 13 copolyme cua (meth)acrylamit, va monome clo-

metyl héa, nhu dimetylaminetyl (met)acrylat.

Theo mot phuong an cua sang ché, phéan tir luogng (molecular weight, MW)

ctia chét hoat ddng bé mat polyme nam trong khoang tir 3x10° dén 14x10° Dalton.

Theo mdt phuong an cua sang ché, chat hoat dong bé mat duoc bo sung vdi
lidu lwong tir 5 dén 30 g/m® hdn hop axit, tot hon néu véi liéu lugng tir 5 dén 20

g/m?® hdn hop axit hodc tir 10 dén 20 g/m® hén hop axit.

Theo mdt phuong 4n cua sang ché, ty 1¢ giira chit két tha va chit hoat dong
bé miat ndm trong khoang tir 1:1 dén 10:1, tot hon néu niam trong khoang tir 3:1 dén

6:1.

Theo mdt phuong an cua sang ché, R trong Cong thirc 1 duoc chon tir nhém
chi bao gdm xyclohexyl, isopropyl, isobutyl, n-propyl, octyl, hexyl, phenyletyl va
2,4,4-trimetylpentyl, t6t hon néu trong d6 chat két tua kim loai nang la natri
diisobutyldithiophosphinat. C6 loi néu cac chat két tia c6 Cong thire 1 ¢6 hiéu qua
chiét xuét cadimi t6t va it nguy hiém hon so véi cac sulfua vé co va xantat. Cu thé,
cac chat két tia co Cong thuc 1 s€ tao ra luong khi thai (néu c6) H,S, COS hoic

CS, it hon so véi cac sulfua vo co va xantat.
Theo mot phuong an cta sang che, budc (a) con bao gom cac budce sau:

(i)  diéu chinh d6 pH cua hdn hop chira axit phosphoric bao gbm cac kim
loai nang hoa tan téi d6 pH béng it nhat pH 1,6 dugc do sau khi pha lodng bé“mg 13
14n thé tich nuéc, nhu d6 pH tr 1,6 dén 2,2 duogc do sau khi pha loing béng 13 lan
thé tich nudce, tét hon néu béng cach bd sung amoniac; nhd do thu duoc hdn hop

chira axit phosphoric bao gém phén doan cin bun;

(i)  tuy ¥ bd sung chét tao keo tu thir nhat, nhu chét tao keo tu polyme
dang cation, chit tao keo tu polyme dang anion, hodc hdn hop ctia chung, vao hén
hop thu duogc & budc (i);

(iii) phan tach phan doan c@n bun tur hdn hop thu duoc tir budce (i) hodc
(ii).
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Theo mot phuong an cua sang cheé, budce (c) bao gdbm cac budce sau:

(c1) bd sung chét tao keo tu thir hai, cu thé la chét tao keo tu polyme dang
cation, chét tao keo tu dang anion, hoac hon hop cua chung, vao hon hop thu duogc
& bude (b), nho d6 thu duoc khdi két tu bao g6m két tha kim loai nang trong hon

hop axit phosphoric; va

(c2) phén tach khdi két tu bao gom két tiia kim loai ning nay tir hon hop

chtra axit phosphoric.

Theo mot phuong 4n cua sang ché, hdn hop chita axit phosphoric 1a sén
phim phan hoa da phosphat bang axit, tot hon 1a bang axit nitric, axit sulfuric, hoac
hén hop cuiia chung. Cu thé hon, hdn hop chira axit phosphoric nay 1a hon hop long
chira axit bao gdm tir 6% dén 21% khéi lwong axit nitric, tir 25% dén 33% khéi
lwong axit phosphoric, tir 3,5% dén 5% khéi lugng canxi va céc kim loai ning hoa

tan, nhu cadimi, tinh theo tdng khéi lwong ctia cac thanh phan trong hdn hop.

Do d6, theo mot phuong an cua sang che, cac kim loai nang nay duoc chon
tur cadimi, dong, niken, chi, kém va/hodc thuy ngan; tot hon néu cac kim loal ndng

nay la cadimi, dong va/hodc kém; tot hon nira néu kim loai ndng nay la cadimi.

Sang ché ciing mé ta viée str dung chat hoat dong bé mat polyme dé két tha
cac kim loai nang trong hdn hop chira axit phosphoric bang cac dung axit diorgano-
dithiophosphinic hodc mudi kim loai kiém hodc mudi amoniac ctia chung, c6 Cong
thie 1 néu trén, lan chét két tha kim loai nang, trong do chéat hoat dong bé mat
polyme nay 1a chét hoat dong bé mat polyme dang cation, chat hoat dong bé mat
polyme dang anion, hodc hén hop cta ching. Tét hon néu chat hoat dong bé mat
polyme nay la copolyme dang cation cua (meth)acrylamit. T6t hon nita néu chét
hoat dong bé mit polyme nay la polyme dang cation c6 ty 1& dién tich cation nam
trong khoang tr 10% dén 80%. Tt hon néu chat hoat dong bé mit polyme nay la
copolyme cua (meth)acrylamit, t5t hon nita néu 13 copolyme ctia (meth)acrylamit

va monome clo-metyl hoa, nhu dimetylaminetyl (met)acrylat.
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M6 ta vin tit cac hinh vé kém theo

Fig.1 12 so dd khéi thé hién mét phuong an cu thé cua phuong phap theo
sang ché ndy, bao gdm tudn tu cic budc: diéu chinh d6 pH cia hon hop axit
phosphoric dén 1,6-2,2 duoc do sau khi pha loang béng 13 14n thé tich nuédc, bd
sung chét két tia két hop v6i chat hoat dong bé mat polyme dang ion, va phan tach

phan két tua tir phan loc/dich ndi & trén.

Fig. 2 14 so dd khéi thé hién méot phwong an cu thé khac cua phuong phap
theo sang ché nay, bao gdm tudn tu cac budc: didu chinh d6 pH cua hon hop axit
phosphoric dén 1,6-2,2 dugc do sau khi pha lodng bang 13 lan thé tich nudc, loai
bo phan doan can bun, bd sung chit két tia két hop v4i chit hoat dong bé mit

polyme dang ion va phan tach phﬁn két tua tir phan loc/dich noi o trén.

Fig. 3 1a so d6 khdi thé hién mét phuong an cu thé nita ctia phuong phép
theo sang ché nay, bao gdm tudn tu cac budce: diéu chinh dd pH cua hdn hop axit
phosphoric dén 1,6-2,2 dwoc do sau khi pha lodng bang 13 lan thé tich nudc, budc
bb sung chét tao keo tu, loai bo phén doan can bun, bd sung chit két tua két hop véi
chat hoat dong bé mit polyme dang ion, va phén tach phan két tia tir phan loc/dich

nod1 ¢ trén.
M0 ta chi tiét cac phwong an thuc hién sang che

Trudce khi d& cap t6i hé théng va phuong phép cua sang ché nay, can luu y
rang sang ché nay khong bi giéi han & cac hé thong va phuong phéap hodc cac to
hop cu thé duoc mé ta & day, do cac hé thdng va phuong phap hoic cac t6 hop nhu
c6 thé thay déi. Cling can hiéu rang cac thuat ngit duoc dung ¢ day khong duge du
dinh dé mang tinh gi6i han, vi pham vi ctia sang ché chi bi giéi han bai cac yéu cau
bao ho di kem.

Khi dugc st dung trong ban moé ta nay, cac dang s6 it, nhu "a", "an", va
"the" trong tiéng Anh, bao ham ca nghia s it va sb nhiéu trix khi ngit canh cho thay
c6 nghia ngugc lai.

Céc thuat ngr "bao gom", "duoc bao gom" va "bao gom tu" khi duoc s

"non

dung trong ban mé ta nay c6 cung nghia véi "gom", "gom cé" hodc "chua", "dugc
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chira", va ¢6 nghia bao ham hodac m¢ va khong loai trir sy c6 mdt cia cac thanh

han, nguyén t6 hodc budc bd sung. Can phai hiéu rang cac thuat ngt "bao gom",
p

"bao gom" va " bao gom tu" khi dugc sir dung trong ban mo ta nay cung bao ham

"non

ca cac thuat ngt "chi bao gom", "cau thanh" va "cau thanh boi".

Viée liét ké cac khoang gia tri sb bang cac diém dau-cudi bao gbm tt ca cac
s6 va phan sb duoc gop lai trong khoang twong ung, cling nhu cac diém dau va
diém cubi.

Thuat ngit "khoang" hodc “xép xi” khi duoc st dung trong bdn md ta nay
lién quan t&i cc gia tri do duge nhu thong sb, sb lugng, khoang thoi gian, va tuong
tw, c6 nghia bao gém cac sai khac trong khoang +/-10% hodc it hon, t6t hon néu
trong khoang +/-5% hodc it hon, tot hon nita néu trong khoang +/-1% hoic it hon,
va con tot hon nita néu trong khoang +/-0,1% hodc it hon so véi gia tri duoc néu,
mién 14 céc sai khac nhu vdy 1a thich hop dé thuc hién duogc giai phap theo sang
ché nay. Can phai hiéu ring ban than gid tri ma tir "khoang" hodc “xip xi” dé cap

den cling, va tot hon néu, dugc bdc 10 cu the.

Trong khi cac cum tr “mot hodc nhiéu” hodc “it nhdt mot”, nhu mot hoic
nhiéu hoic it nhat mot thanh vién trong nhém cac thanh vién, c6 nghia o rang per
se, thi bing cach dua thém vi du, thuat ngit nay bao ham, khdng ké nhitng cai khdc,
viéc dé cp t6i bat ky mot thanh vién trong sé céc thanh vién nay, hodc t6i bat ky
hai hodc nhiéu hon thanh vién trong sé cac thanh vién nay, nhu, vi du, bat ky >3,
>4, >5, >6 hoac >7 v.v.. thanh vién trong sd cac thanh vién nay, va cho téi tAt ca
cac thanh vién.

Trur khi ¢6 chi dan khac, tit ca cac thuat ngir duoc sur dung trong ban mo ta
nay, bao gSm cac thuat ngtt ky thudt va cac thuat ngtr khoa hoc, c6 nghia nhu
thuong duge hiéu boi ngudi co hiéu biét trung binh trong linh vuc ma sang ché nay
dé cép téi. Bang cac chi dan tiép thep, dinh nghia cta cac thudt ngt nay duoc dua
vao dé giup hiéu t&t hon ban chét clia sang ché.

Trong phan dudi day, cac khia canh khéc nhau cia sang ché s& duoc xac

dinh mot cach chi tiét hon. Mdi khia canh dugc xac dinh nhu vay c6 thé duoc két

hop véi bét ky khia canh ho#ic cac khia canh khac, trix khi c6 chi dan nguoc lai. Cu
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thé, ddu hiéu bat ky duogc chi dinh la diu hiéu uu tién hodc c6 loi ¢ thé duoc két
hop vé6i déu hiéu hodc cac ddu hiéu bt ky dwoc chi dinh 1a dau hiéu wu tién hodc

c6 loi khéc.

Trong ban mé ta nay, viéc dé cap t6i “mdt phuong an” hogc “phuwong an” cé
nghia 1a céc diu hiéu, cdu trac hodc dic tinh cu thé duoc mo ta lién quan dén
phuong an nay duoc bao gdm trong it nhat mot phuong an clia sang ché. Do do, su
xuét hién cua nhéom tir “theo mot phuong an thuc hién” hodc “theo mot phuong an”
& cac vi tri khac nhau trong toan bd ban mo ta nay khong nhat thiét 1a tat ca lién
quan té1 cung mot phuong an, nhung co thé. Hon nita, cac ddu hiéu, cu tric hoic
dic tinh cu thé nay co thé duoc két hop theo cach thich hop bat ky, nhu ngudi cé
hiéu biét trung binh trong linh vuc ky thuat nay s& hiéu rd tir ban m6 ta nay, trong
mdt hodc nhiu cic phuong an. Hon nita, trong khi mét s6 phuong an duge md ta &
day bao gdm mot sé déu hiéu nhung khéng bao gdm cac dau hidu khac trong cac
phuong an khac, thi t6 hop cac d4u hidu ciia cac phwong 4n khac ciing nim trong
pham vi cua sang ché, va tao thanh cac phuong an khac nhau, nhu s€ duoc hiéu boi
nguoi co hiéu biét trung binh trong linh vuc k¥ thut nay. Vi du, trong phan yéu
cau bao hd kém theo, cac phuong 4n bét ky duoc yéu cau bao ho cé thé duge sur

dung theo t6 hop bat ky.

Trong ban md ta sang ché nay, viéc dé cap dén cac hinh vé di kém tao thanh
mot phﬁn ctia ban mo ta, va trong d6 thé hién cac phuong an cu thé dé thuc hién
sang ché chi nhim muc dich minh hoa. Cén phai hiéu ring cic phuong 4n khac c6
thé duoc sur dung, va céac cAu tric hodc thay ddi logic ¢co thé duoc thuc hién ma
khong vuot ra ngoai pham vi cua sang ché. Phin mé ta chi tiét sau day, do do,
khéng c6 nghia gioi han, va pham vi ciia sang ché dugc xac dinh boi phan yéu ciu
bao ho kém theo.

Trong ban mo ta sang ché nay, ty 1& phan trim la ty 18 theo khéi luong, tr
khi c6 chi dan khac.

Trong ban mé ta sang ché nay, ndng d6 cua cac hop phan c¢6 mit trong hon
hop, khi dwoc biéu thi bang ty 1& phan tram, c6 nghia la ty 1& phan tram theo khéi

lugng so voi téng khéi lwong ctia hdn hop, trir khi ¢6 chi dan khac.
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Trong ban md ta sang ché ndy, trir khi co chi dan khac, cac gia tri do pH
duoc do sau khi pha lodng 13 lan thé tich nudc. Noi cach khac, gia tr1 do pH duoc

do sau khi tron mét thé tich cua mau chua dugc pha lodng véi 13 thé tich nudec.

Trong ban mo ta sang ché nay, trir khi dwoc néu rd rang khac, cac thuat ngit
“polyme dang ion” hodc “polyme c6 dang ion” khi dé cap to1 chét tao keo tu hoic
chit hoat dong bé mat co nghia 1a c4c dai phén tir bao gdm cac tiéu don vi mang
nhidu dién tich hodc c6 dang ion. Cu thé hon, thuit ngit “polyme dang ion” hoic
“polyme c6 dang ion” khi dé cap téi chét tao keo tu hodc chat hoat dong bé mat &
day duoc sir dung dong nghia véi cac thuat ngir “chat polyme dién ly” hoic
“polyme c6 tinh dién ly”, tic 1a polyme, cu thé 1a cac polycation hoic cic
polyanion, trong d6 don vi ldp lai mang nhom dién ly. Trong sang ché, dic biét uu
tién st dung cac poly(meth)acrylamit dang ion, nhu poly(meth)acrylamit dang

cation hodc dang anion.

Sang ché d& xuét cac phwong phap cai tién dé loai bé cc kim loai ning, dic
biét 14 cadimi, ra khoi hdn hop long chia axit phosphoric, trong d6 chét hoat dong
b& mit polyme dang ion dwoc bd sung cing véi chit két tiia kim loai ning vao hon
hop chira axit phosphoric. Trong ban mo ta nay, thudt ngtr "kim loai nang" noi
chung dung dé chi cac nguyén t5 cua Bang tuan hoan cac nguyén t6 hoa hoc c6 ty
trong 1én hon 5 g/cm?®. Cac kim loai ndng (hodc cac ion kim loai nang) nhu vay bao
gém, vi du, mot hoac nhiéu kim loai trong s6 cadimi, déng, niken, thuy ngan, kém,
arsen, mangan va chi. Sang ché dic biét nham loai bo it nhét 1a cadimi tir hdn hop
chira axit phosphoric. Thuat ngit “hdn hop chta axit phosphoric” dung dé chi hdn
hop axit long hodc dung dich chira axit phosphoric chua tinh ché, huyén phu dic
cua qua trinh phin hoéa, axit da duoc loc, va/hodc axit dam dac, s€ dugc md ta cu
thé dudi day.

Theo mot khia canh khéc, sang ché dé xuit phuong phép loai bé cac kim
loai ning, dac biét 1a cadimi, hoa tan trong hdn hop chira axit phosphoric, bao gdm

cac budc sau:

(a)  chuén bi hdn hop chua axit phosphoric bao gbém cac kim loai ning

hoa tan, nhu cadimi;
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(b)  két tia cac kim loai ning hoa tan ndy bang cach bd sung chat két tua
kim loai ndng cung voi chit hoat dong bé mat vao hdn hop thu duoc & bude (a), &
d6 pH bang it nhéat 1,6 sau khi pha lodng bang 13 lan thé tich nuéc, nhy d6 thu
duoc két tha kim loai nang trong hén hop chua axit phosphoric, trong do chat két
tha kim loai ning ndy bao gdm axit organodithiophosphoro, tot hon néu 1a axit
diorgano-dithiophosphinic hoic mubdi kim loai kiém hodc mubi amoniac cua chung;

va

(c)  phén tach két tia kim loai nang tir hon hop chira axit phosphoric thu

dugce & budc (b);

trong d6 chét hoat dong bé mat la chit hoat dong bé mat polyme dang cation
c6 tlr 20% dén 80%, tt hon néu tir 20% dén 60%, tét hon nita néu tir 20% dén 50%
cac gbe cu thanh chét hoat déng bé mit polyme dang cation la cac gbc co dién tich
cation, chit hoat dong bé mat polyme dang anion trong do6 tir 1% dén 10% cac goc
cAu thanh chét hoat dong bé mit polyme dang anion la cac gbc co dién tich anion,

hozc hdn hop ctia ching.

Nhu dugce xac dinh ¢ day, chét hoat dong bé mat 13 hop chat duoc b6 sung

cung voi chit két tia kim loai ning, & budc (b).

Trong giai phap theo sang ché, hdn hop chira axit phosphoric ma tr d6 céc
kim loai nang, dac bi¢t 1a cadimi can duoc loai bo, c6 thé thu duogc tir quy trinh
chuyén hoa da phosphat, quing phosphat hodc khodng vt phosphat bang axit. Da
phosphat nhu vay c6 thé chtra ham lwong cao cac kim loai niing, dac biét la cadimi,
vi du tir 10 dén 300 mg Cd/kg P,0s. Axit dugc sur dung trong quy trinh chuyén hoa

c6 thé 1a axit nitric, axit sulfuric hodc hon hop ctia ching.

Theo mdt s6 phwong an nhit dinh, hdn hop chira axit phosphoric nay bao
gdm tir 1% dén 85% khdi luong axit phosphoric, tot hon néu tr 1% dén 60% khoi
lugng axit phosphoric, t5t hon nita néu tr 10% dén 60% khoi lugng, nhu tr 20%
dén 60% khdi luong axit phosphoric, con tot hon nita néu tr 10% dén 40% khdi
luong axit phosphoric, t6t nhat néu tir 20% dén 35% khdi lwong hodc tir 25% dén

30% khéi lwong axit phosphoric, ciing nhu cac kim loai ning hoa tan, nhu cadimi.
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Hbn hop chira axit phosphoric ndy ¢ thé bao gdm tir 1 dén 500 mg/l, t6t hon néu

tir 1 dén 250 mg/l, tbt hon nira néu tir 1 dén 100 mg/l cadimi hoa tan.

Theo mot s6 phuong 4n nhét dinh, hdn hop chira axit phosphoric nay 1a hén
hop thu dugc tir quy trinh chuyén hoa da phosphat, quing phosphat hodc khoang
vat phosphat bang axit nitric & 65°C. Cu thé, hdn hop chira axit phosphoric nay bao
gdm tir 18% dén 21% khdi luong axit nitric, tr 25% dén 29% khéi lwong axit
phosphoric va cac kim loai ndng hoa tan, nhu cadimi hoa tan. Tét hon néu hén hop
chtra axit phosphoric nay 1a hén hop thu dugc tir quy trinh nitrophosphat. Tt hon
nira néu hdn hop chira axit phosphoric nay 1a nudc cai thu duge trong quy trinh
nitrophosphat. Trong quy trinh nitrophosphat, trong bugc thir nhat hoic buéc phén
hoa, da phosphat dugc phan hda trong axit nitric & nhiét d¢ 65°C, tao ra nudc cai
ctia budce phan hoa. Trong bude thir hai hodc bude két tinh, canxi nitrat tetrahydrat
dwoc két tinh tir nude cii cua budce phan héa ndy tao ra bun tinh thé. Trong bude
thir ba hodc bugc phan tach, canxi nitrat da két tinh dugc tach ra bang cong nghé
nhu loc hodc ly tm, dé thu duoc cac tinh thé canxi nitrat tetrahydrat tr pha long

chira bun tinh the, dugc goi la nudce cai.

Theo mot s6 phuong an nhit dinh, hdn hop chira axit phosphoric nay 1a hon
hop thu duoc bang quy trinh tron axit, trong dé axit nitric dugc st dung dé phan
ung v6i da phosphat, quang phosphat hodc khoang vat phosphat. Axit sulfuric
thudng duoc bd sung dé két tiia canxi dudi dang canxi sulphat (thach cao), chét nay
thuong luu lai trong bun long va ¢6 tac dung nhu chét pha lodng. Axit phosphoric
c6 thé duoc bd sung dé diéu chinh phosphoro tan trong nude, tuy thudc vao cap do

san pham dugc tao ra.

Theo mdt s6 phuong an nhét dinh, chét hoat dong bé mit 1a copolyme cua
acrylamit hodc methacrylamit. Trong ban mé ta nay, thuat nglt “copolyme
acrylamit dang ion”, “polyacrylamit dang ion”, “copolyme methacrylamit dang
ion” hodc “polymethacrylamit dang ion” dung dé chi polyme bao gbm céc tiéu don
vi acrylamit hodc methacrylamit va con bao gdm céc tiéu don vi mang dién tich
ion. Cac copolyme acrylamit dang cation hodc cac copolyme methacrylamit dang

cation bao gom cac ti€u don vi cé dién tich cation, ddc biét 1a bao gom nguyén tur
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nito bac bdn, nhu bao gém cac tiéu don vi ADAM hoic MADAM, tic 1an luot 1a
dimetylaminetyl acrylat hodc dimetylaminetyl metacrylat. Cac copolyme acrylamit
dang anion hodc cac copolyme methacrylamit dang anion bao gdm cac tiéu don vi
c6 dién tich anion, dic biét 1a bao gém nhom chirc carboxylat hodc sulphonat, nhu
bao gdm cac tiéu don vi axit acrylic hodc axit methacrylic, hodc cac tiéu don vi

styren sulphonat.

Trong cac phuong an cu thé, chit hoat dong bé mat 1a polyme dang cation,
dac biét 1a copolyme (meth)acrylamit dang cation, c6 ty 1¢ dién tich cation nam
trong khoang tir 20% dén 60%, t6t hon néu ndm trong khoang tir 20% dén 50%
hoac ttr 30% dén 50%, t6t hon nita néu nam trong khoang ttr 35% dén 45%.

Chét hoat dong bé mit dang cation dugc dac biét uu tién 1a copolyme cua
acrylamit hodc methacrylamit va monome clo-metyl héa, nhu dimetylaminetyl

metacrylat hodc dimetylaminetyl acrylat.

Theo mot s phuong an nhit dinh, chit hoat dong bé mit polyme nay c6
MW nam trong khoang tir 3x10° Dalton dén 14x10° Dalton, t6t hon néu tur 4x10°
Dalton dén 12x10° Dalton, tét hon nita néu tir 4x10° Dalton dén 8x10° Dalton. Chét

hoat dong bé mat nay c¢6 thé 1a phan tr mach thang hodc phén tir phan nhanh.

Theo mdt sb phuong an nhat dinh, chat hoat dong bé mat duoc bo sung voi
lidu lugng tir 3 dén 30 g/m* hdn hop axit, t6t hon néu véi lidu luong tir 3 dén 20
g/m?® hon hop axit, nhu véi lidu lwong tir 5 dén 20 g/m?® hoic 10 dén 20 g/m® hdn
hop axit.

Trong sang ché nay, chat két tua kim loai nang organothiophosphoro bao
gom axit diorgano-dithiophosphinic hodc mudi kim loai kiém hodc mudi amoniac

cta chung, c6 Cong thirc 1

S

I

~
P—5M

o

R

Cong thuce 1

13/34



53419

14

trong d6 R 1a gbc hydrocacbon mach thing hodc mach nhanh duoc chon tir
alkyl, aryl, alkylaryl, hodc aralkyl, va trong d6 goc hydrocacbon nay c6 tur 3 dén 20
nguyén ti cacbon, va M 1a H, kim loai kiém hoac amoniac. Cac vi du duoc vu tién
ctia cadc nhom hydrocacbon R trong axit diorgano-dithiophosphinic (hodc cac mudi
kim loai kiém hodc mudi amoni ctia ching) c¢6 Cong thiic 1 bao gbm, nhung khong
chi giéi han ¢, alkyl, xycloalkyl, alkylaryl, aralkyl mach thang hoic mach nhanh c6
tir 3-20 nguyén tir cacbon. Tét hon nita néu cac nhom hydrocacbon thich hop bao
gdm, nhung khong chi gidi han &, xyclohexyl, isopropyl, isobutyl, n-propyl, octyl,
hexyl, phenyletyl, va 2,4 4-trimetyl pentyl. Con t6t hon nira néu axit diorgano-
dithiophosphinic (hoic mudi ctia ching) dugc st dung trong sang ché voi vai tro
chat két tua kim loai nang la di-isobutyl dithiophosphinat. Theo mét phuong 4n

thuc hién duoc vu tién, chit két tiia nay 1a natri di-isobutyl dithiophosphinat.

N6i chung, chit két tia kim loai ning c6 thé dugc diéu ché theo phuong
phép dugc md ta trong US 4308214 va cac vi du twong (mg bang cach gia nhiét
67,2 phin khdi luong luu huynh véi tir 114,8 dén 284,8 phan khéi lwong nude t6i
nhiét d6 bang khoang 70°C. Sau d6 dwa vao hdn hop nay tir 29,5 dén 64,5 phan
khdi lwong di-phosphin ¢6 ban trén thi truong. Sau khi dua di-phosphin vao, bd
sung tir 67,5 dén 193,5 phin khéi lugng dietyl phosphin véi toc do sao cho trong
khoang can thiét dé bd sung toan bo dietylphosphin, 80,0 phan khéi luong dung
dich natri hydroxit 50% ciing duoc dua vao véi tbe d6 khong dbi dé trung hoa axit

dithiophosphinic twong tng tao thanh.

Theo mot s6 phuong an nhat dinh, chit két tua kim loai ning dugc bd sung
v6i lwong ndm trong khoang tir 10pg dén Img trén mdi gam hon hop chira axit
phosphoric, tét hon néu tir 50ug dén 0,75mg trén mdi gam hdn hop chia axit
phosphoric, t5t hon nita néu tr 0,2 dén 0,6 mg hoac tr 0,3mg dén 0,6mg trén mdi
gam hdn hop chtra axit phosphoric.

Theo mot sé phuong an nhat dinh, ty 1& khoi luong gitra chit két tia va chét
hoat dong bé mat ndm trong khoang tir 1:1 dén 10:1, tét hon néu nam trong khoang

tr 3:1 dén 6:1.
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Trong sang ché nay, chét két tua kim loai nang nhu dugce du tinh trong sang
ché duoc b sung két hop vai chét hoat dong bé mat polyme dang ion nhu dugc du
tinh. Néi cach khac, chat két tua kim loai ning nhu duge dy tinh, dic biét 13 axit
diorgano-dithiophosphinic hoic mudi kim loai kiém hodc mudi amoniac ctia ching
c6 Cong thuc 1, va chét hoat dong bé mat polyme dang ion nhu dugc du tinh dugc
bd sung hau nhw cing lac hoic ddng thoi cing v6i nhau vao hdn hop chira axit
phosphoric bao gSm cac kim loai nang hoa tan, t6t hon néu dudi cac didu kién
khuéy tron manh, nhu véi tde do tron tr 500 dén 700 vong/phut. Theo mot N0
phuong an nht dinh, budc b) twong Gmg véi bude két tia cac kim loai ning hoa tan
bang cach bd sung hén hop gdm chit két tia kim loai nang va chat hoat dong bé
mat vao hon hop thu duoc & bude (a), & 4o pH bang it nhat 1,6 sau khi pha loang
bang 13 1an thé tich nuGce, dic biét 1a duéi cac diéu kién khudy trén manh, vi du véi
tbc d6 tron tir 500 dén 700 vong/phut, nho do thu duoc két tua kim loai ning trong
hén hop chira axit phosphoric, trong d6 chat két tiia kim loai ning nay bao gom axit
organodithiophosphoro, tt hon néu la axit diorgano-dithiophosphinic c6 Cong thirc
1 néu trén, hodc mudi kim loai kiém hoic mudi amoniac cua ching; va trong d6
chét hoat dong bé mat 1 chit hoat dong bé mit polyme dang cation c6 tir 20% dén
80%, t6t hon néu tir 20% dén 60%, tét hon nita néu tir 20% dén 50% cac gbe cau
thanh chat hoat dong bé mit polyme dang cation 1a cac gdc c6 dién tich cation, chit
hoat dong bé mat polyme dang anion co tir 1% dén 10% cac gbc ciu thanh chat
hoat dong bé mat polyme dang anion la cac géc ¢ dién tich anion, hodc hon hop
cua ching. Theo cac phuong 4n wu tién cua sang ché, polyme dang cation, t6t hon
1a cac copolyme gbc acrylamit hoic methacrylamit dang cation, véi ty 1é dién tich
ion nim trong khoang tir 20% dén 60%, nhu tir 20% dén 50%, la dic biét thich hop
dé 1am chét hoat dong bé mat polyme khi str dung két hop véi chét két tha kim loai
nang nhu duoc dy tinh. Tét hon néu polyme cua (meth)acrylamit va monome clo-
metyl hoa c6 thé dugc st dung. Vi du vé polyme dang cation thich hop bao gom,
nhung khong chi gidi han &, polyacrylamit bot mach thang 40% cation (tirc 1a
polyacrylamit ¢ 40% céc gbc cua né mang dién tich duong) c6 phén tir lugng nam

trong khoang tir 7,1 dén 9,5x10° Dalton hodc 20% polyacrylamit bot mach thing
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dang cation (tirc 1a polyacrylamit c6 20% céc gbc clia n6 mang dién tich duong) c6

phan tir luong nam trong khoang tir 8,7 dén 11,0 x10° Dalton.

Theo mdt phuwong an cua sang ché, phan (mg véi chat két tia kim loai ndng va
chét hoat doéng bé mat nhu duoc du tinh c6 thé duoc thuc hién trong khoang thoi
gian tir 3 phit dén 1,5 gio, tir 5 phut dén 1 gio, hodc tir 10 dén 30 phut. Nguoi ¢6
hiéu biét trung binh trong linh vuc nay hiéu rang t6t hon néu phan Gng véi chat két
ta kim loai ning va chat hoat dong bé mit nhu dwoc du tinh dugc tién hanh dudi
cac diéu kién khudy tron manh, vi du vé6i tde d6 tron tir 500 dén 700 vong/phit.
Theo mdt phuong 4n ciia sang ché, phan (mg véi chat két tha kim loai ning va chét
hoat dong bé mat nhu duge du tinh c6 thé duoc thuc hién & nhiét do nam trong
khoéng tir 5°C dén 80°C, tét hon néu & nhiét do tir 5°C dén 50°C, t6t hon nira néu
duoc tién hanh ¢ nhiét do tr 5°C dén 40°C. Do két tia kim loai ning nay c6 thé
kém bén & nhiét do cao hon 40°C, nén mong mubn thue hién phan Ung vo1 chat két
tia kim loai nang va chat hoat déng bé mit trong khoang thoi gian it hon 10 phat ¢

cac nhiét do cao hon.

Theo mét s6 phuong an nhat dinh, hén hop chira axit phosphoric c6 thé
duogc cho qua mét hoac nhiéu budce xu Iy so b, trudce khi duoc bo sung chét két tua
va chit hoat dong bé mit dang ion, nhu duoc thé hién trén Fig.1, Fig. 2 va Fig. 3.
Céc bude xir Iy so bd nhu vy bao gdm diéu chinh d6 pH (Fig.1 - Fig. 3) va phén
tach phan doan khong hoa tan (cin bun) (Fig. 2 va Fig. 3) tr hdn hop chira axit
phosphoric.

Theo mdt sé phuwong an nhat dinh, budc loai bé phan doan khong hoa tan
(can bun) c6 thé bao gdm viéc bd sung chét tao keo tu thw nhat vao hon hop chira
axit phosphoric & d6 pH bang it nhat 1,6 dé tao diéu kién thuén lgi cho viéc phan
tach phan doan khong hoa tan tir hdn hop chira axit phosphoric (Fig.3).
Theo mdt phwong 4n cta sang ché, tot hon néu bude (a) con bao gdm cac
budc sau:
(i) diéu chinh do pH cta hdn hop chira axit phosphoric bao gbm cac kim
loai nang hoa tan t61 do pH bang it nhit pH 1,6, nhy d6 thu duogc hon

hop chtra axit phosphoric bao gbm phan doan cin bun;
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(ii) tuy ¥ bd sung chit tao keo ty thir nhat vao hdn hop thu duge ¢ bude (i);

(ii1) phan tach phan doan cén bun tr hon hop thu duogc tr budc (1) hodce (ii).

Nhu duge xac dinh ¢ day, chit tao keo tu thu nhét 1a hop chét duoc bd sung

trude budc (a)(ii).

Trong sang ché nay, d6 pH cia hdn hop chira axit phosphoric cé thé duoc
diéu chinh, trudc khi bd sung cht két tua kim loai nang, t&i d6 pH bé“mg it nhét 1,6,
t6t hon néu tir 1,6 dén 2,2 hodc tir 1,6 dén 2,0 (do sau khi pha lodng bang 13 1an thé
tich nuwde), nho d6 thu duoc hdn hop chira axit phosphoric bao gdm phan doan can
bun. O do pH nay, viéc két tua kim loai nang, dac biét la viéc két tua cadimy, bé’mg
cach st dung axit organothiophosphoro cé6 Cong thitc 1 nhu duoc du tinh, hoac
mudi kim loai kiém hoac mubi amoniac cla chung, la dac biét hiéu qua. Ngoai ra, &
cac diéu kién pH nay, su két tua cac mudi phosphoro, déc biét 1a dicanxi phosphat
(CaHPO,), dugc giam dén muc t6i thiéu, nho do giam thiéu duoc ton that
phosphoro va duy tri duge ham lugng phosphoro trong hon hop axit phosphoric va,
do d6, trong san phdm cudi. Theo mot sé phuong an nhat dinh, d6 pH ctia hon hop
long chira axit phosphoric duge diéu chinh bang cach sir dung khi amoniac. C6 loi
néu, dic biét 1a khi hdn hop chira axit phosphoric nay bao gém axit nitric, khéng
nguyén t6 hoa hoc nao khac duoc dua vao ngoai nito va hydro da c6 mat trong axit

nitric, sao cho c6 thé thu duoc san phdm NP cubi rat tinh khiét.

Theo mdt sb phuong 4n nhét dinh, it nhdt mot phan cta cac hop phan khéng
hoa tan hodc cdn bun c6 mat trong hén hop chira axit phosphoric, dac biét 1a hon
hop chira axit phosphoric bao gédm phan doan cin bun, c6 thé duoc loai bo trude
khi bé sung chat két ta kim loai nang va chat hoat dong bé mit polyme dang ion.
Tt hon néu chét tao keo tu tht nhét ¢6 thé duoc bd sung vao hdn hop chira axit
phosphoric, dic biét 1a hdn hop chira axit phosphoric bao gém phan doan cin bun,
dac biét 1a dudi cac diu kién khuéy trdn nhe nhang, nhu véi toc do tron tir 100 dén
300 vong/phut, dé thic day qua trinh két tu va két tia ctia cac hop phan khong hoa
tan hodc phan doan can bun (Fig. 3). Bét ngo da phat hién théy réng, viéc loai bo it
nhit mot phan cac hop phén khong hoa tan hodc cin bun trude khi bd sung chat két

tua kim loai ning va chat hoat déng bé mat polyme dang ion khong anh hudng t6i
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hiéu qua két tha kim loai ning ciia phuong phap ndy. Hon nita, viéc phan taich mot
phén can bun va cac hop phﬁn khong hoa tan, nhu dugce ho tro boi budce tao keo tu,
trede khi két tua kim loai ning, dic biét 13 két tua cadimi, tao diéu kién thuan loi
cho viéc chiét cadimi tir hdn hop bao gdm axit phosphoric. C6 loi néu, bang cach
ndy, mot lwong nho chit két taa kim loai ning nhu duoc du tinh c6 thé duge bo
sung vao hén hop chtra axit phosphoric va két tha kim loai ndng tao thanh chua

nong d6 cao hon cua cac kim loai nang, dac biét la cadimi.

Chét tao keo tu thir nhat c6 thé 1a chat tao keo tu bat ky thich hop dé tao két
tu va tao keo tu cho phan doan cin bun. Trong cac phuong an cu thé, chat tao keo
tu tht nhit 4 polyme dang cation trong do tir 20% dén 80%, t6t hon néu tir 20%
dén 60% hodc 30% dén 50%, t6t hon nita néu tir 35% dén 45% cac gdc céu thanh
chét hoat dong bé mat polyme dang cation la cac géc co6 dién tich cation, polyme
dang anion trong dé tr 10% dén 50%, t6t hon néu tir 10% dén 40%, t6t hon nira
néu tir 15% dén 30% cac gbe cdu thanh chét hoat dong bé mit polyme dang anion
la cac géc c6 dién tich anion, hodc hdon hop cua ching. Trong cac phuong an cu thé,
chat tao keo tu thir nhat 1a copolyme cua acrylamit hoic methacrylamit. Theo céc
phuong an cu thé cua sang ché, cic copolyme gbc acrylamit hodc methacrylamit
dang cation, v&i ty 1é dién tich cation nam trong khodng tir 30% dén 50% hodc tir
35% dén 45%, la dac biét thich hop cho muc dich tao két tu va phan tach cin bun
va céc hop phan khong hoa tan trude khi bo sung chét két tia kim loai ning va chat
hoat dong bé mat. Dic biét, polyme cua (meth)acrylamit va monome clo-metyl hoa
¢6 thé duoc su dung. Vi du v& polyme dang cation thich hop bao gom, nhung
khong chi giéi han o, polyacrylamit bot mach thang 40% cation (tuc la
polyacrylamit co 40% cac gbc ciia n6 mang dién tich duong) c¢6 phan tir lwong nam
trong khoang tr 7,1 dén 9,5x10° Dalton, polyacrylamit bt mach thang 40% cation
(tic 1a polyacrylamit co 40% cac gbe ctia n6 mang dién tich duong) c6 phan tu
lwong nam trong khoang tir 4,8 dén 7,6x10° Dalton, hodc polyacrylamit bot mach
thang 40% cation ¢ phan tr lwong nam trong khoang tur 9,5 dén 12,1x10° Dalton.
Theo céc phuong 4n wu tién cua sang ché, cac copolyme gbc acrylamit hoac
methacrylamit dang anion, v6i ty I¢ dién tich anion nim trong khoang tir 1% dén

10%, la déc biét thich hop cho muc dich tao két tu va phén tach ca can bun lan céc
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hop phan khong hoa tan truée khi bd sung chit két tua kim loai ning, ciing nhu két
tua kim loai nang dugc tao thanh sau khi bd sung va tron chét két tua kim loai nang
vao hdn hop chira axit phosphoric. Tét hon néu polyme ctia (meth)acrylamit va axit
(meth)acrylic ¢6 thé duoc sir dung. Vi du vé polyme dang anion thich hop bao gbm,
nhung khong chi gidi han &, polyacrylamit nhii twong mach thing dang anion co
phan tir lugng nam trong khoang tir 9,7 dén 17,5x10° Dalton hodc polyacrylamit
bdt mach théng dang anion cé phan tir luong nam trong khoang tu 12,2 dén

17,5x10° Dalton.

Viéc phan tach cén bun co thé duoc thuc hién bé“mg cong nghé tiéu chuén bt
ky dé phan tach nhu, nhung khong b1 gi6i han ¢, loc, su ly tam, léng can, tuyén nbi
hodc lang gan. Theo mét s phuong an nhat dinh, viéc phan tich phan khong hoa
tan hodc phan doan can bun dugc lam két taa do viée bd sung chit tao keo tu thir
nhit dugc thuc hién bang cach ly tim. Trong céc phuong an cu thé, phan khong
hoa tan hodc phan doan can bun dugc lam két thia nay duoc c¢o dac so bo trude khi
ly tdm, trong d6 it nhit mét phan pha 16ng duoc tach khoi phan doan cin bun két
tha. Vi du, viéc cd dic so bd nhu vay co thé 13 bude dé ling, trong d6 khdi két tu
can bun dugc cho lz’ing xuéng, sao cho pha long cé thé duoc phén tach, nhu bé'mg
cach lang gan, truée khi ly tim. C6 loi néu, bang cach nay, luong hon hop can
duoc ly tam, dac biét 1a lwong pha long, duge giam xudng va lam ting hiéu qua cua
budc ly tim, do viéc phén tach cac chét ran/long trong budc ly tam dugc thuc hién

mdt cach dé dang hon.

Do do, trong cac phuong 4n cu thé, sang ché dé xuét phuong phép loai bo
cac kim loai nang hoa tan trong hdn hop chira axit phosphoric, trong d6 phuong

phép nay bao gom céc bude sau:

(a)(i) chuan bi hén hop chira axit phosphoric bao gdm cac kim loai ning hoa
tan, nhu cadimi, va diéu chinh d6 pH cua hdn hop chira axit phosphoric bao gdm
c4c kim loai nang hoa tan nay téi dé pH bang it nhét pH 1,6, t6t hon néu téi d6 pH
tr 1,6 dén 2,0 hodc do pH tr 1,6 dén 2,2, nho d6 thu dugc hdn hop chira axit

phosphoric bao gém phén doan cin bun;
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(a)(ii) bd sung chét tao keo tu thtr nhét, t5t hon néu 1a chat tao keo tu polyme
c6 dang ion nhu duoc du tinh, vao hén hop thu duoc o bude (a)(1), nho do thu duoc

két tu cin bun, va, tuy ¥, loai bo mot phan phan doan long;

(a)(iii) loai bod két tu can bun tir hdn hop thu duoe tir bude (a)(ii), tot hon néu

bang cach ly tim;

(b)  két tha cac kim loai ning hoa tan bang cach bo sung chat két tha kim
loai ning ctng voi chat hoat dong bé mit polyme dang ion nhu dugc du tinh, dic
biét 1a chit hoat dong bé mit polyme dang cation, vao hon hop thu duoc & budc (a),
& d6 pH bang it nhit 1,6, t6t hon néu téi d6 pH tir 1,6 dén 2,0 hodc do pH tur 1,6
dén 2,2, nho d6 thu dugc két tua kim loai nang trong hdn hop chira axit phosphoric,
trong d6 chat két tia kim loai nang nay bao gém axit diorgano-dithiophosphinic c6
Cong thuc 1 nhu duge du tinh, hodc mubi kim loai kiém hoac mubi amoniac cua

chiing; va

(c)  phan tach khdi két tu bao gom két tia kim loai ning tir hdn hop chira

axit phosphoric thu duoc & bude (b), tét hon néu bang cach ly tim.

Theo mdt phuwong an cua sang ché, budce két tua (b) va/hoidc budc tao keo tu
(a)(ii) duoc tién hanh & nhiét do tr 5°C dén 50°C, t6t hon néu duogc tién hanh &
nhiét d6 tr 5°C dén 40°C. Két qua dac biét t6t thu duoc ¢ nhiét dé nam trong
khoang tir 10°C dén 35°C hodc tir 10 dén 30°C. Khoang nhiét d6 nay két hop véi
d6 pH tr 1,6 dén 2,0 néu trén 1a cac didu kién co loi cho d6 6n dinh ctia chit két tia
kim loai nang trong hon hop chtra axit phosphoric nhu duge dy tinh. Céc diéu kién
nay ciing dwoc thay 1a téi uwu cho viée tao keo tu va tao két tua cua cac chat khong
hoa tan khéng phai phosphat hodc phan doan cin bun trong hén hop chua axit
phosphoric bao gdm phan doan cin bun. Mot s6 phuong an ciia sang ché con bao
gdm budc diéu chinh nhiét d6 ctia hdn hop chira axit phosphoric téi nhiét do tr 5°C
dén 50°C, tét hon néu t&i nhiét do tx 5°C dén 40°C, tt hon nira néu t&i nhiét do tir
10°C dén 35°C hodc tir 10°C dén 30°C, béng céch lam ngudi ty nhién hodc dung b

trao dbi nhiét.

Trong sang ché nay, viéc phéan tach ¢ budc c) hodc budce a)(ii1) co thé duoc

thwe hién bang cong nghé da biét trong linh vuc ky thuat nay dé phén tach pha
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léng-rdn nhw, nhung khéng bi gidi han &, ly tim va/hoic lang gan. Viéc phan tach
bang cach ly tim duoc dac biét wu tién. Mic di mét sb khoi két tu duge thiy la
twong ddi d& v&, nhung viée phéan tach céc chit keo tu bang cach ly tAm to ra co
hiéu qua mot cach bat ngo. Ngoai ra, theo mot sb phuong éan nhat dinh. viéc phan
tach két tha cua kim loai nang duoc tao thanh va thu dugc ¢ budc b) co thé duoc
thic day bang cach bd sung chét tao keo tu thir hai. Nhu duoc xac dinh ¢ day, chét
tao keo tu thtr hai 1a hop chat duoc bd sung sau khi bd sung chit két tha kim loai
nang vao hdn hop sau bude (b) va trong budc phan tach (c). Chat tao keo tu thir hai
nay co thé 1a chét tao keo tu thich hop bét ky dé tao két tu va tao keo tu cho két tua
kim loai ning. Chat tao keo tu thi hai nay c6 thé 1a gibng hodc khac véi chat tao
keo tu thu nhét. Theo céc phuong an dugc ddc bi€t uu tién, chit tao keo tu thtr hai

nay la hop chat giong nhu chat hoat dong bé mat polyme dang ion da md ta ¢ trén.

Theo mot khia canh khac, sang ché dé xuit phuong phap san xut phan bon,

dac biét 1a phan bon nito, bao gém cac budce sau:

- phén hoa da phosphat bang axit nitric, nhd d6 thu duoc hdn hop bao gom
axit phosphoric va canxi nitrat;

- loai bd cac kim loai nang tir hén hop bao gém axit phosphoric theo
phuong an bt ky cua cic phuong phap duoc mé ta ¢ day; cu thé bao
g61n cac budc sau: tuy y loai bo phan doan cén bun bang cach tao keo tu
v6i chét tao keo tu thir nhit va tao két tia; két tha cac kim loai nang hoa
tan, nhu cadimi, béng cach bod sung chat két tua kim loai nang két hop
v6i chit hoat dong bé mat polyme dang ion, t5t hon néu 1a chat hoat
dong bé mat polyme dang cation, chét hoat dong bé mat polyme dang
anion, hodc hdn hop cua ching, vao hon hop chua axit phosphoric. ¢ do
pH béng it nhat 1,6, tot hon néu duéi cac didu kién khuéy tron manh, nhu
véi the do tron tix 500 dén 700 vong/phit, trong dé chit két tia kim loai
nang nay bao gdm axit diorgano-dithiophosphinic ¢6 Cong thirc 1 hodc
mudi kim loai kiém hodc mudi amoniac ciia chiing; va phén tach két tua

kim loai nang nay ra khoi hon hop chira axit phosphoric.
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- diéu chinh tiép d6 pH ctia hdn hop chira axit phosphoric toi xap xi pH
5,8 bang cach str dung khi amoniac;

- tuy y, bd sung cac mubi kali vao hdn hop chira axit phosphoric ¢6 do pH
5,8;

- tao hat cho hon hop chira axit phosphoric ¢6 pH 5,8 va tuy y bao g6m
cac mudi kali, va, ngoai ra, tuy y, tao 16p phu va’/hoac nhuém mau cho

cac hat nay.

Theo cach nay, ¢ thé thu duoc, tir quy trinh nitro-phosphat, cic hat NP hodc
NPK ¢6 16p phu hoac khong c6 16p phu, duge nhuém mau hodc khong duoc nhudém
mau, véi ham luong gidm cua céc kim loai nang, nhu cadimi. Ngudi c6 hiéu biét
trung binh trong linh vuc k¥ thuét ndy sé& thiy ro rang phuong phéap theo sang ché
nay co thé duoc 4p dung cho toan bo hon hop long thu dugc tir bude phan héa hodc
chi mot phan nudc céi ciia bude phan hoa. Trong truong hop sau, phan nudc cai
ctia bude phan hoa ma khong duoc xu 1y bang phuong phéap theo sang ché c6 thé
duogc trén véi hoic duoc pha lodng bang phan nudc cai cia bude phan hoéa ma da
duge xu ly bang phuong phap theo sang ché, sao cho ham lugng kim loai ning
(cadimi) cua hon hop két hop thap hon gia tri mong muén, tét hon néu nam trong

gi61 han quy dinh.

Ngoai ra, sang ché cling md ta viéc st dung chét hoat dong bé mit polyme
dang ion nhu dugc du tinh trong sdng ché, dé két tua cac kim loai nang trong hon
hop chtra axit phosphoric bang chat két tia kim loai nang la axit diorgano-
dithiophosphinic hodc mubi kim loai kiém hodc mudi amoniac cua chung, c6 Cong

thurc 1 néu trén.
Vi du thue hién sang ché
Vidu 1: Hiéu qua cua chét hoat dong bé mat polyme dang cation

Do pH cua nude cai (mother liquor, ML) chtra cadimi, méi dugc tao ra tu
quy trinh nitro-phosphat Odda, duoc didu chinh dén pH=1,8 bang cich sir dung khi
amoniac (NH;). Pd pH dugc do sau khi trdn mot thé tich cuia mau chua duoc pha

lodng v&i 13 thé tich nudc.
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Nuée cai duoe dung chira 5,14% khéi lvong Ca (duoc do bang phuong phap
quang phd hép thy nguyén tw), 7,4% khoi luong P (dugc do bing phuong phap
phan tich trong luong P), 34,2% khéi luong H,O (dugc do bang phuong phap
chuén d6 Karl Fisher) va 6ppm Cd, 15,2ppm Cu (dwoc do bang ICP-OES). Luu ¥
ring ty 1& phan trim va ham luong cta hdn hop nudéc cai nay chi la cac thong sb

ctia hén hop nay va khong giéi han quy trinh theo sang ché.

Hon hop thu dugc duoc ly tAm (2440 vong/phit, 2 phut, 1000G) dé lam

giam lugng cdn bun.

Natri diisiobutyl dithiophosphinat (DTPINa 3,56%, 0,336g) duoc bo sung
vao nudc cai NP thu dugc (pH=1,8, 60g) trong diéu kién khudy manh (600
vong/phut). Pong thoi véi viéc bd sung DTPINa, copolyme polyacrylamit dang
cation véi vai tro chat hoat dong bé mat duge bd sung trong didu kién khuay manh
(polyacrylamit bot mach thang 40% cation (tc la polyacrylamit c6 40% céc gbe
cua n6 mang dién tich duong) véi phan twr luong nam trong khoang tir 7,1 dén
9,5x10° Dalton, 0,1% khbi luong ndng dg, 0,078g, 600 vong/phit). Hon hop dugc
khudy tong cong 3 phat. Tiép theo, hdn hop thu duoce duogc ly taim (2440 vong/phut,
2 phiit, 1000G) dé tach phan dich ndi ¢ trén va phan két tua. Tiép theo, ldy mau hon
hop nay bang cach st dung bom tiém c6 mang loc 5 pm. Mau nay duoc dung aé
nghién ctru hiéu suat phan tach bang cach s dung may ly tim. Ham lugng cadimi
va kim loai nang duoc phén tich bing may quang pho phat xa plasma két hop cam
ung (Inductively Coupled Plasma Optical Emission Spectroscopy, ICP-OES)
(Thermo Scientific, iCAP 7400 Duo, budc song: 226,502 nm (Cd) va 204,379 nm
(Cu) & ché dd truc).

Viéc két hop DTPINa véi chit hoat dong bé mit copolyme polyacrylamit
dang cation dan dén thu dwoc hiéu sudt chiét Cd va Cu bang khoang 85% sau khi ly
tim hodc loc. Piéu nay cho théy hiéu qua rt cao cua viée loai bo két tia chira kim

loai nang bang cach ly tam.
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Vidu 2 — Vi du so sanh: két tua Cd khong can chit hoat dong bé mat

D¢ pH cua nudc cai chita cadimi moi duogc tao ra (hén hop nhu trong Vi du
1) duoc diéu chinh dén pH=1,8 (dugc do sau khi pha lodng bang 13 lan thé tich
nuéc) bang cach st dung khi amoniac (NHs). Hon hop thu dugc duge ly tim (2440
vong/phut, 2 phut, 1000G).

DTPINa (3,56%, 0,336 g) dugc bd sung vao nude cai & pH=1,8 (60 g) trong
didu kién khudy manh (600 vong/phit). Sau 3 phut phan Gng, hén hop thu duoc
duoc ly tim (2440 vong/phut, 2 phat, 1000G) va phan dich ndi ¢ trén va phan két
tha duoc tach. Tiép theo, 14y méu hdn hop nay bang cach s dung bom tiém cé
mang loc 5 um. Ham luong cadimi va kim loai nang duoc phan tich bang ICP-OES
(Thermo Scientific, ICAP 7400 Duo, budc séng: 226,502 nm (Cd) va 204,379 nm
(Cu) 6 ché d6 truc).

Viéc bo sung DTPINa ma khong co chat hoat dong bé mat dan dén thu duoc

higu suét chiét Cd bang khoang 73%, hiéu suét chiét Cu bang khoang 78%.

Vidu 3: Hi€u qua cua céc chét hoat dong bé mat polyme c6 dién tich khac nhau

Céac chét hoat dong bé mat khac nhau duoc sang loc két hop véi 200ppm
DTPINa lam chét két tua, bang cach sir dung diéu kién thir nghiém nhu trong Vi du
1. Chit hoat dong bé mit dwoc thir nghiém bao gém cac copolyme polyacrylamit
(polyacrylamide, PAM) dang cation gdm polyacrylamit bt mach thang 20% cation
(e 1a polyacrylamit c¢6 20% cac gbc cua ndé mang dién tich duong) co phan tu
lwong nam trong khoang tir 8,7 dén 11,0x10° Dalton, polyacrylamit bot mach thang
40% cation (tirc 14 polyacrylamit c6 40% céc gbc ciia nd mang dién tich duong) c6
phan tr luong nam trong khoang tur 7,1 dén 9,5x10° Dalton hodc polyacrylamit bot
mach thang 80% cation (tirc 1a polyacrylamit c6 80% cac gbc ciia no mang dién
tich dwong) c6 phan tir lugng nim trong khoang tir 5,0 dén 7,1x10° Dalton, cac
copolyme polyacrylamit dang anion gdm polyacrylamit bot mach thang 3% anion
(tirc 14 polyacrylamit c6 3% cac gbc cia né mang dién tich am) c6 phan tir luong
nim trong khoang tir 13,4 dén 16,0x10° Dalton), polyacrylamit bot mach thang

20% anion (tic 1a polyacrylamit c6 20% cac gdc ctia né mang dién tich am) co
polyacry g g
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phan tir luong nam trong khoang tir 12,2 dén 17,5x10° Dalton hoic polyacrylamit

bot mach thiang 50% anion (tirc 1a polyacrylamit c6 50% céc gbc cua nd mang dién

tich am) ¢ phan tir lugng ndm trong khoang tur 11,3 dén 22.2x10° Dalton, chat hoat

dong bé mit PAM khéng ion gdm polyacrylamit bot mach thang (tirc la

polyacrylamit khong mang dién tich) c6 phén tir luong nam trong khoang tir 8.5

dén 12,0x10° Dalton va dioctyl sulfosuxinat. Cac két qua duoc trinh bay trong

Bang 1.

Bang 1. Hiéu suit chiét Cd va Cu ctia céc chat hoat dong bé mit khac nhau két hop

v6i DPTINa (200ppm) va phén tach phan két tia bang cach ly tam

Chét hoat dong bé mit

Hiéu suét chiét Cd
(%)

Hiéu suit chiét Cu

(7o)

Polyacrylamit bot mach thang
20% mol cation c6 phan tr lwong
nam trong khoang tir 8,7 dén 11,0

x10°® Dalton

84

88

Polyacrylamit b6t mach thang
40% mol cation c6 phan tir lvong
nam trong khoang tir 7,1 dén
9,5x10° Dalton

85

85

Polyacrylamit b6t mach thang
80% mol cation c6 phan tr luong
nam trong khoang tir 5,0 dén
7,1)(106 Dalton

68

77

Polyacrylamit b6t mach thang
80% mol cation c6 phan tr lugng
nam trong khoang tir 5,0 dén
7,1x10° Dalton

39

46
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Chat hoat dong bé mit Hiéu suét chiét Cd | Hiéu sudt chiét Cu

(%) (%0)

Polyacrylamit bot mach thing 19 29
20% mol anion c6 phan tu luong
nam trong khoang tur 12,2 dén

17,5x10° Dalton

Polyacrylamit bot mach thing 25 65
50% mol anion c6 phan tu lugng
nam trong khoang tir 11,3 dén

22.2x10° Dalton

Polyacrylamit bot mach thing 23 37
50% mol anion c6 phan tir luong
nam trong khoang tir 11,3 dén

22,2){106 Dalton

Dioctyl sulfosuxinat 27 41 a

Két qua thu dugc nay cho thdy rang chat hoat dong bé mat PAM 1a lya chon
thay thé thich hop cho dioctyl sulfosuxinat (két hop voi DTPINa lam chét két tua)
dé loai bo cac kim loai ning trong hdn hop chura axit phosphoric. Diéu ngac nhién
1a, viéc loai b6 Cd va Cu removal khi st dung két hop/ddng thdi DTPINA
(200ppm) lam chit két tua va polyme dang cation c6 20-80% cac géc cua chung
mang dién tich duong lam chét hoat dong bé mat, trong diéu kién khudy manh (600
vong/phut hoac trong khoang 500-70ppm va loai bo phan két tua bang cach ly tam)
din dén thu duoc hiéu suét chiét kim loai nang cao nhit (67-84%), so vai khi s
dung polyme polyacrylamit khac hoac dioctyl sulfosuxinat lam chét hoat dong bé
mat. VGi polyacrylamit dang anion, chi 19-39% Cd va 29-65% Cu dugc loai bo.
Hiéu suét loai bo Cd va Cu thép twong tu cling thu dugc véi PAM khong ion va voi
dioctyl sulfosuxinat. Dbi voi cac chat hoat dong bé mat dang anion va khong ion

nhu polyacrylamit va dioctyl sulfosuxinat, hiéu sudt loai bo c6 thé duoc ting 1én
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bang cach str dung mang loc nylon 5pm dé phan tach két tia kim loai nang (vi du
dén 44-66% Cd khi ding polyacrylamit dang anion va khong ion va 63% khi dung
dioctyl sulfosuxinat), nhung néi chung déu kém hon so véi hiéu sudt loai bo khi

dung polyacrylamit dang cation.

Do vay, polyme dang cation dung lam chét hoat dong bé mit duoc thay la
dac biét hi€u qua trong viéc loai bod cac kim loai nang (két hop véi DTPINa), su

dung may ly tim dé phan tach, ma khéng cin c6 budc loc (b6 sung).

Vi du 4: Hiéu qua cua viéc su dung nude cai khac

b6 pH cua nudce céi chira cadimi (ML), méi duoc tao ra tir quy trinh nitro-
phosphat Odda, duoc didu chinh dén pH=1,8 bang cach st dung khi amoniac
(NH;). 6 pH duogc do sau khi trén mot thé tich ciia mau chua duge pha lodng véi

13 thé tich nuéec.

Nudc cai duoc dung chira 6,52% khdi lugng Ca (duoce do bang phuong phap
quang phd hdp thu nguyén tir), 11,6% khdi lugng P (duge do bang phuong phap
phén tich trong lugng P), 34,78% khbi luong H,O (dugc do béng phuong phap
chuén d6 Karl Fisher) va 3,5ppm Cd, 12,3ppm Cu, 97,4 ppm Zn (duoc do bang
ICP-OES). Luu y rang ty 1& phan tram va ham luong cua hdn hop nudce cai nay chi

1a cac thong s6 ciia hdn hop nay va khong gidi han quy trinh theo sang ché.

Hon hop thu duge duoc ly tam (2440 vong/phat, 2 phut, 1000G) dé lam

giam lugng can bun.

Natri diisiobutyl dithiophosphinat (DTPINa 3,56%, 0,34g) dugc bd sung vao
nude cai NP thu duge (pH=1,8, 60g) trong diéu kién khudy manh (600 vong/phut).
Déng thoi véi viée bd sung DTPINa, copolyme polyacrylamit dang cation lam chat
hoat dong bé miat duge bd sung trong didu kién khudy manh (polyacrylamit bot
mach thang 40% cation (tirc 1a polyacrylamit c6 40% cac goc cia nd mang dién
tich dwong) véi phan tir luong ndm trong khoang tir 7,1 dén 9,5x10° Dalton, 0,1%
khéi luong ndng d6, 0,078g, 600 vong/phut). Hén hop nay duge khudy téng cong 3
phut. Tiép theo, hdn hop thu duoc duge ly tim (2440 vong/phut, 2 phut, 1000G) va

phan dich ndi & trén va phan két tia duoc tach. Tiép theo, lay mau hon hop nay
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bf?mg cach sir dung bom tiém c6 mang loc 5 pm. Mau nay dugc dung dé nghién ciru
hiéu suét phan tach biang cach sir dung may ly tim. Ham luong cadimi va kim loai
nang dugc phén tich bang ICP-OES (Thermo Scientific, iCAP 7400 Duo, bugc
séng: 226,502 nm d6i voi Cd va 204,379 nm d6i véi Cu ¢ ché do truc).

Viéc két hop DTPINa véi chét hoat dong bé mat copolyme polyacrylamit
dang cation dan dén thu duoc hiéu suét chiét Cd bang khoang 50%, hiéu suét chiét

Cu bang 62% va hiéu suét chiét Zn bang 23% sau khi ly tim hoac loc.
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YREU CAU BAO HOQ

Phuong phép loai bé cac kim loai ning ra khéi hdn hop chua axit

phosphoric, bao gom cac budce sau:

(a)  chuan bi hdn hop chira axit phosphoric bao gdom cac kim loai ning

hoa tan, nhu cadimi;

(b)  két tia cac kim loai nang hoa tan nay bing cach bd sung chit két tia
kim loai nang va chét hoat dong bé& mat vao hdn hop thu duoc ¢ budce
(a), & dd pH bang it nhat 1,6, nh d6 thu duoc két tia kim loai ning
trong hon hop chira axit phosphoric, trong d6 chat két tia kim loai
ning nay bao gdm axit diorgano-dithiophosphinic hodc mubi kim loai

kiém hodc muoi amoniac cua ching, c6 Cong thirc 1

ﬁ

R

~
P—SM

R/

Cong thue 1

trong d6 R 1a gbc hydrocacbon mach thang hodc mach nhanh dugc chon tir
alkyl, aryl, alkylaryl, hodc aralkyl, va trong dé gbc hydrocacbon nay c6 tur 3

dén 20 nguyén tr cacbon, va M 1a H, kim loai kiém hodc amoniac; va

(c)  phan tach két tha kim loai nang nay tir hdn hop chira axit phosphoric

thu duoc 6 buéce (b);

khéc biét & chd chit hoat doéng bé mat duoc dung 1a chét hoat dong bé mat
polyme dang cation trong d6 tir 20% dén 80%, tét hon néu tir 20% dén 60%,
t5t hon nita néu tir 20% dén 50% cac géc cAu thanh chét hoat dong bé mat
polyme dang cation nay 1a cac gdc c¢6 dién tich cation, chat hoat déng bé mat
polyme dang anion trong d6 tir 1% dén 10% cac gbc cu thanh chat hoat
dong bé mat polyme dang anion nay la cac goc c¢6 dién tich anion, hodc hdn

hop cua chung.
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Phuong phéap theo diém I, trong d6 chit hoat dong bé mit la polyme gbe
(meth)acrylamit dang anion, polyme gbc (meth)acrylamit dang cation, hoic

hén hop ctia ching.

Phuong phép theo diém 2, trong d6 chét hoat dong bé mat la copolyme cua
(meth)acrylamit va monome clo-metyl hoéa, nhu dimetylaminetyl

(met)acrylat.

Phuong phap theo diém bat ky trong sé cac diém tir 1 dén 3, trong d6 phan
to luong (MW) cua chét hoat dong bé mit ndm trong khoang tu 3x10° dén
14x10° Dalton.

Phuong phép theo diém bét ky trong sb cac diém tir 1 dén 4, trong do6 chét
hoat déng bé mat duoc bd sung véi lidu lugng tir 3 dén 30 g/m? hdn hop

axit, tot hon néu véi lidu luong tir 3 dén 20 g/m>® hdn hop axit.

Phuong phép theo diém bat ky trong sé cc diém tur 1 dén 5, trong do6 ty 18
khéi lugng gitra chat két tia va cht hoat dong bé mit nam trong khoang tir

1:1 dén 10:1, t5t hon néu ndm trong khoang tir 3:1 dén 6:1.

Phuong phap theo diém bét ky trong sé cac diém néu trén, trong d6 bude (a)

con bao goém cic budc sau:

(1) diéu chinh d6 pH cua hdn hop chira axit phosphoric bao gdm céc kim
loai ning hoa tan t6i do pH bang it nhat pH 1,6, tot hon néu bang
cach bd sung amoniac; nhd d6 thu duge hon hop chua axit

phosphoric bao gdm phén doan cin bun;

(ii)  tuy ¥ b sung chat tao keo tu thu nhét vao hdn hop thu duoc & bude
(1);

(iii)  phéan tich phan doan cin bun tir hdn hop thu duge tr bude (i) hodc

(11).

30/34



10.

11.

12.

53419

31

Phuong phap theo diém bat ky trong s0 cac diém néu trén, trong d6 budc (c)

bao gém céc budc sau:

(c1)  bd sung chit tao keo tu thir hai vao.hdn hop thu duge & budce (b), nho
do thu duge khéi két tu bao gdm két tia kim loai ning trong hdn hop

axit phosphoric; va

(c2) phan tach khéi két tu bao gdm két tia kim loai ning nay ra khoi hon

hop chtra axit phosphoric.

Phurong phép theo diém bt ky trong sé cac diém néu trén, trong d6 hdn hop
chira axit phosphoric 1a san phdm phén héa da phosphat bing axit, tot hon 1a

bang axit nitric, axit sulfuric, hodc hdn hop clia chung.

Phuong phap theo diém bét ky trong s& cac diém néu trén, trong d6 hdn hop
chira axit phosphoric 14 hdn hop 16ng chira axit bao gém tir 6% dén 21%
khéi lrgng axit nitric, tir 25% dén 33% khéi luong axit phosphoric, tir 3,5%
dén 5% khéi lugng canxi va cac kim loai ngng hoa tan, nhu cadimi, tinh theo

tdng khdi lugng cia céc thanh phan trong hdn hop.

Phuong phap theo diém bét k¥ trong s6 céc diém néu trén, trong d6 R trong
Cong thiue 1 duge chon tir nhém chi bao gdm xyclohexyl, isopropyl,
isobutyl, n-propyl, octyl, hexyl, phenyletyl va 2,4,4-trimetylpentyl, t6t hon

néu trong dé chat két tha kim loai ning la natri diisobutyldithiophosphinat.

Phuong phép theo diém bét ky trong s6 cdc diém néu trén, trong dé cac kim
loai nidng dugc chon tur cadimi, dong, niken, chi, kém va/hodc thuy ngan; tot
hon néu céc kim loai nang nay 1a cadimi, dong va/hodc ké€m; tot hon nira néu

cac kim loai nang nay la cadimi.
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DPIEU CHINH PO pH CUA HON HGP CHUA
AXIT PHOSPHORIC
(pH 1,6-2,2 dugc do sau khi pha lodng

bang 13 lan thé tich nudc)

ll

BO SUNG CHAT KET TUA + CHAT HOAT BONG BE
MAT POLYME DANG ION
(khay tréon manh)

J

PHAN TACH PHAN KET TUA/KET TU
RA KHOI PHAN DICH LOC/DICH NOI O TREN

Fig.1
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DIEU CHINH DO pH CUA HON HOP CHUA
AXIT PHOSPHORIC
(pH 1,6-2,2 duoc do sau khi pha lodng

bang 13 14n thé tich nudc)

J

LOAI BO CAN BUN/PHAN DPOAN KHONG HOA TAN

@

BO SUNG CHAT KET TUA + CHAT HOAT DONG BE
MAT POLYME DANG ION
(khiy trén manh)

4

PHAN TACH PHAN KET TUA/KET TU
RA KHOI PHAN DICH LOC/DICH NOI O TREN

Fig. 2
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DPIEU CHINH PO pH CUA HON HOP CHUA
AXIT PHOSPHORIC
(pH 1,6-2,2 dugc do sau khi pha lodng

bang 13 1an thé tich nudc)

l

BO SUNG CHAT TAO KEO TU
(khéy tron nhe)

-@

LOAI BO CAN BUN/PHAN POAN KHONG HOA TAN

(bang cach dé ling va/hodc ly tam)

l

BO SUNG CHAT KET TUA + CHAT HOAT BONG BE
MAT POLYME DANG ION
(khiy trén manh)

1l

PHAN TACH PHAN KET TUA/KET TU
RA KHOI PHAN DICH LOC/DICH NOI O TREN

Fig. 3
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