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Linh vue ki thuit dwoc dé cap

Sang ché lién quan t6i linh vuc loai bo cac ion kim loai nang, bao gdm
nhung khong chi giéi han ¢ cadimi, ra khoi cac hon hop axit duoc san xuat theo
phuong phap uét. Cu thé hon la, sdng ché dé cap dén viéc loai bd cac ion kim loai

nang, nhu cadimi, ra khoi cac dong xur ly chira axit phosphoric.

Tinh trang k§ thuét ciia sang ché

Cac kim loai nang nhu cadimi, d@)ng, niken, chi, k€m va thuy ngan dugc
xem la khong thé chép nhan dugce néu 16n hon mdt mirc dd nhét dinh, ty thudc
vao tng dung cu thé, vi doc tinh clia ching va do d6 ching phai dugc loai bo
hoan toan hodc muc dd cua ching phai dugc lam gidm mot cach dang ké. Nhiéu
quy trinh loai bo chung da va dang dugc phat trién trong nhiéu nam qua.

Trong linh vuc ky thuét nay, da phosphat khai thdc tr cac mo phosphat
thuong chira cac tap chat kim loai nang, nhu cadimi, ddng, asen, hodc thuy ngan.
Vi duy, cadimi thuong co mat v6i mire nam trong khoang tur 0,15 dén 507mg/kg da
phosphat c¢6 ham lugng phospho (P20s) trung binh khoang 30% khdi lugng (Swe
Swe Mar & Masanori Okazaki, Microchemical Journal 104 (17-21), thang
9/2012). Trir khi cac kim loai ning da dugc loai bo ra khéi da phosphat trude khi
hodc trong qua trinh phan hiy no bang axit, nhu trude khi hodc trong quy trinh
nitro-phosphat, cac san pham trén co s& phosphat thu duoc va cdc phan bén sé

chira cadimi va cac kim loai nang khac. Mot sb dang cua cac kim loai ndng, nhu
cadimi, c6 thé bi hép thu boi cac thuc vat va, do vay, s€ ¢ mdt trong thuc phém.
Vi du, cadimi co thé gay thuong ton cho phoi, than va xuong. Do do, viéc can
thiét 1a phai han ché muc d9 cta cac kim loai nang, nhu cadimi, trong cac phén
bén. Lién minh chau Au (European Union) hién dang xem xét viéc gi¢i han mac
60mg cadimi trén mot kilogam phospho (dugc biéu thi dudi dang P20s). Tuy

nhién, Phan Lan dang ap dung mdt gi6i han thdm chi con thap hon nhu 21,5mg
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cadimi trén mot kilogam P,0s. Muc tap chét kim loai ning do dé can phai dugc
lam giam mot cich ddng ké.

Viéc lam két tia cic kim loai nang, nhu cadimi, trong quy trinh nitro-
phosphat hodc trong cdc quy trinh khdc bao gbm viéc phan huy da phosphat, da
tung duoc cong bd.

US 4,378,340 md ta phuong phap loai bo cdc kim loai nang ra khoi san
pham phan huy bang axit ctia d4 phosphat boi viéc trung hoa mot phan céc axit
trude khi két toa cac kim loai nang dudi dang cdc sulphua. Tuy nhién, qué trinh
két tua kim loai ning (cadimi) dudi dang hop chét sulphua thuén loi khi ¢ do pH
cao, s& khién 1am ton hao phospho t6i muc khong thé chép nhan dugc, do 6 do pH
cao, ca sulphua kim loai nang 1an canxi phosphat déu két tna.

US 4,986,970 md ta phuong phdp loai bd cdc kim loai nang, dac biét la
cadimi, chi yéu 13 ra khoi nudc cédi da dugc tao ra boi quy trinh Odda (quy trinh
nitrophosphat), béng céch st dung céc mudi kim loai cta axit dithiocarbonic-O-
este, con duoc goi la céc xantat, & do pH nam trong khoang tir 1,4 dén 2,0 duoc
do sau khi pha loang 13 14n thé tich, va ¢ nhiét d0 ndm trong khoang tir 5 dén
40°C.

US2004/0179984A1 mo ta quy trinh va céc hén hop dé loai bo cdc ion kim
loai ndng, nhu cac ion cadimi, dong, chi, niken, asen, mangan, k&ém, va thuy ngan
ra khoi quy trinh san xuét axit phosphoric theo phuong phéap udt. Quy trinh nay
bao gdm céc budc xtr 1y axit phosphoric trude hodc sau khi loc thach cao bang
axit dithiophosphinic ¢6 hai nhém thé hitu co (hoidc céc mudi kim loai kiém hoic
amoniac clia nd), axit diorgano-dithiophosphoric thu nhét (hodc cdc mudi kim loai
kiém hodc amoniac ctia nd) va tuy y la axit diorgano-dithiophosphoric thtr hai
(hodc céc mudi kim loai kiém hodc amoniac cua nd), két tha cdc kim loai nhu
cadimi, déng, chi, niken, asen, mangan, kém va thuy ngén ¢ nhiét do nam trong
khodng tir 10 dén 85°C va tét hon 1a ndm trong khoang tir 50 dén 80°C, va tich
phén loc bang céch loc hodc tuyén noi. Theo giai phdp ky thuat nay, cac vi du chi
bao gdm cdc hop chit c6 hiéu qua trong axit phosphoric, ddc biét 1a o nhiét do

nam trong khoang tir 60 dén 80°C.
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EP0091043 mb ta viéc str dung céc tac nhan loai bo kim loai nang tuong tu
nhu d3 m6 ta trong US20040179984 dé loai bo cadimi boi qué trinh 1am két tha ra
khoi quy trinh Odda. Theo EP0091043, viéc két tia Cd dwoc thuc hién v6i do pH
clia nudc cdi ndm trong khoang 0,5-1,5 (cta hén hop chua dugce pha loang) véi
khoang pH mong mubn 12 0,6-1,2.

WO02019071108 md ta viéc su dung dong thoi cdc hop chét thiophospho
hitu co va cdc chat hoat dong bé mat, nhu cic hop chat sulfosuxinat va céc
polyetylenglycol este dé loai loai bo cac ion kim loai nang ra khoi cac dung dich
nudc chira axit phosphoric, cu thé 1a trong cdc giai doan khdc nhau cua quy trinh
san xudt axit phosphoric theo phuong phép uét.

Tuy nhién, cho dit c6 rat nhidu giai phdp k¥ thuét khdc nhau da dwoc dua
ra, song viéc loai bo céc kim loai nang, nhu cadimi, ra khoi san pham phan huy d4
phosphat badi axit ddc, nhu axit nitric, van con c6 nhiéu vén dé can dugc gidi quyét
do céc trang thdi oxy hda va c6 tinh axit rit cao trong san pham phan huy d4
phosphat hodc trong nudc cdi, va sy ¢ mit cua canxi, ma c6 thé anh hudng téi ca
su két tua kim loai ndng. Vi du, trong qud trinh trung hoa san pham phan huy da
phosphat hoac nudc céi, cdc kim loai nang, nhu cadimi, s€ két tua cung vdi céc
canxi phosphat. Thuc té 12, véi gid tri pH 16n hon 4 hoac 5, vigc cac loai phosphat
khac nhau ciing két tia, dan dén viéc ton hao khdng mong mudn cua phospho ¢
gid tri. Ngoai ra, sy nhidm ban kim loai ning, ddc biét la cadimi, van la mdi lo
ngai toi suc khoe cong ddng. Trong bdi canh nhu vy, nhu da néu trén, cdc co
quan quén 1y van tiép tuc 4p dit cdc gidi han thip & mirc c6 thé chép nhan duoc
dbi v6i cdc kim loai ning, dac biét 1la cadimi. Do do, van can dén céc phuong
phdp dugc cai thién dé loai bo mot cich c¢6 hiéu qua cic kim loai nang, nhu
cadimi, ra khoi cac hdn hop chita axit phosphoric. Dac biét 1, vin cin c6 cac
phuong phap duogc cai thign dé loai bo mot cich co6 hiéu qua cdc kim loai nang,
nhu cadimi, déng thoi van duy tri phospho trong dung dich va giam thiéu mtc ton

hao phospho do su két tha.
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Ban chét k{ thuit ciia sang ché

Séng ché dé xuit phuwong phap dugc cai thién dé loai bo céc kim loai nang,
dic biét 13 cadimi, ra khoi hon hop chira axit phosphoric trong nudc, nhim giai
quyét cic van dé cua cdc giai phap k¥ thuat da néu. Cac phuong phap dugc cai
thién theo sang ché dua ra ra céc diéu kién két tua kim loai ning (Cd) véi hiéu
suat két tua kim loai nang (Cd) cao dong thoi van duy tri phospho trong dung
dich.

Theo mot khia canh cua sdng ché, phuong phdp loai bo cdc kim loai néng
ra khoi hdn hop chira axit phosphoric duwgc dé xuét, bao gdbm céc budc:

(a) cép hon hop chita axit phosphoric chira cdc kim loai da hoa tan, nhu
cadimi;

(b) két tua cac kim loai ning dd hoa tan bang cach bd sung tic nhan lam
két tia kim loai ning vao hon hop cua budc (a), nho do tao ra phﬁn két tha kim
loai ndng trong hon hop chira axit phosphoric, trong d6 tac nhan lam két tia kim
loai ndng Ia axit dithiophosphinic c6 hai nhém thé hiru co hodc mubi kim loai

kiém hodc amoni cta nd, c6 cong thirc 1

|
~
_P—sM

R

R

Cong thuc 1

trong d6 R la nhém hydrocacbon mach thrfmg hoic mach nhdnh dugc chon tu
alkyl, aryl, alkylaryl, hodc aralkyl, va trong d6 nhém hydrocacbon chtra 3 t61 20
nguyén ttr cacbon, va M 1a H, kim loai kiém hodc amoniac; va

(¢) tach phan két tiia kim loai nang ra khoi hon hop chua axit phosphoric;
trong do6 budc két tha (b) duoc thuc hién véi do pH nam trong khoang tir 1,6 dén
2,0 (dugc do sau khi pha lodng 13 1an thé tich). C6 loi 14, & céc gid tri do pH nay,
s két tia kim loai ning va hiu qua chiét tach la rt cao va mic that thodt
phospho do su két tha cua céc hop chat chira phospho 1a rat han ché.

Theo mot phuong 4n cua sang ché, R trong cdng thirc 1 duoc chon tr nhém

bao gdm xyclohexyl, isopropyl, isobutyl, n-propyl, octyl, hexyl, phenyletyl va
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2,4 4-trimetylpentyl, cu thé 12 trong d6 tdc nhan lam két tua kim loai ndng 1a natri
diisobutyldithiophosphinat. C6 loi 12, cdc tdc nhén lam két tia c6 cong thuc 1 ¢
hiéu qua chiét tach cadimi tdt va it cé hai hon so véi céc sulphua vo co va xantat.
Dic bidt 12, viée st dung cdc tic nhan 1am két tia c6 cong thitc 1 dan dén su phit
thai H,S (néu ¢6), COS hoic CS; it hon so voi cdc sulphua v6 co va xantat.

Theo mdt phuong 4n cta sang ché, budc (a) con bao gdm cic budc:

(1) diéu chinh do pH cua hén hop chira axit phosphoric chtra cac kim loai
d4 hoa tan t6i dd pH nam trong khoang tir 1,6 dén 2,0 duoc do sau khi pha loang
13 14n thé tich, nhe d6 thu dwoc hdn hop axit phosphoric da trung hoa chira phan
bun;

(ii) tuy ¥, bo sung chat keo tu thir nhat vao hon hop cia bude (i);

(111) tach phén bun ra khoi hon hop cua budce (i) hodc (ii).

Cé loi la, viéc loai bo phén bun trudc bude b) dan dén viéc bo sung tac
nhan 1am két tia kim loai ning vao hon hop axit véi luong thdp cla cdc hat
va/hodc bun,

nho vay tao didu kién thuan loi cho su két tha kim loai ning va thu duoc
phén két tha kim loai ning co dac hon.

Theo mot phuong an cua sang ché, viéc diéu chinh do pH dugc thuc hién
bang céch bd sung amoniac vao.

Theo mot phuong én cua sang ché, bude (b) bao gom cac budc:

(b1) k&t tua cac kim loai ndng da hoa tan bang cdch bo sung téc nhan lam
két tia kim loai niang vao hon hop cua budc (a), nho do tao ra phan két tiia kim
loai nang trong hon hgp chira axit phosphoric; va

(b2) bb sung chat keo tu thi hai vao hdn hop da thu duge & bude (b1), nho
d6 thu duoc khéi két tu chira phan két tia kim loai nang.

Dic biét hon 1a, cac chét keo tu thir nhat vi/hodc thtr hai 1a polyme anion,
polyme cation, hodc hon hop cua ching. Co loi 13, chét keo tu thic diy su hinh
thanh céc khdi két tu cua céc phﬁn két tua kim loai ning, nho vay tao diéu kién
thuén loi cho viéc tach céc ph:;fm két tha kim loai nang ra khoi hon hop chua axit

phosphoric.
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Theo mot phuong 4n cua sang ché, trong budc (b), chét hoat dong bé mat
anion polyme, chét hoat dong bé mat cation polyme, hoac hdon hop cta ching
duoc bd sung ¢ dang két hop véi tdc nhin lam két taa kim loai ning vao hdn hop
clia bude (a). C6 loi 13, cht hoat dong bé mat polyme ion thic day sw két ta ciia
kim loai nang nho tac nhan lam két tia kim loai ning.

bac biét 1a, chat hoat dong bé mat polyme ion hoac chat keo tu la
copolyme (met)acrylamit ion. Dac biét hon la, chét hoat dong bé mit polyme ion
hoac chat keo tu la:

- copolyme cation ctia (met)acrylamit, nhu copolyme cation cua
(met)acrylamit va monome da clo-metyl hod,

- copolyme anion (met)acrylamit va axit (met)acrylic, hodc

- hén hop cta ching.

Theo cdc phuong an nhét dinh cia sdng ché, mot trong hai hodc ca hai chit
hoat dong bé mit hodc chét keo tu duoc bd sung voi liéu luong nam trong khoang
tir 5 dén 30g/m3 hon hop axit, cu thé 1a véi liéu lugng nam trong khoang tir 5 dén
20g/m3 hon hop axit.

Theo mot phuong dn cua siang ché, céc budc két tha va/hoac keo tu duoc
thuc hién & nhiét do nim trong khoang tir 10 dén 50°C.

Theo mdt phuong 4n cua sang ché, hon hop chtra axit phosphoric la san
pham phan huy boi axit cia dé phosphat, tdt hon 1a bdi axit nitric, axit sulfuric
va/hodc hon hop cua ching. Pac biét hon la, hén hop chtra axit phosphoric la hon
hop axit trong nudce chira 25 t6i 33% khoi lugng axit phosphoric, 6-21% khéi
lugng axit nitric, 3,5 t61 5% khéi luong canxi va céc kim loai nang da hoa tan,
nhu cadimi, tinh theo tdng khéi luong cua hdn hop nay.

Theo mot phuong an cua sang ché, cdc kim loai ning dugc chon tir cadimi,
déng, niken, thuy ngan, kém, asen, mangan va/hoac chi; t5t hon 1a kim loai ning

la cadimi.

M5 ta chi tiét cac hinh vé
Fig.1 1a so dd thé hién mot phuong 4n cu thé cua phuong phép theo sdng

ché, bao gdm 1an lwot cdc bude trung hoa hdn hop axit phosphoric to1 d6 pH nim
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trong khoang 1,6-2,0 dugc do sau khi pha loang 13 13n thé tich, bd sung tadc nhan
Jam két taa, va tach phin két tua ra khoi nude loc/phan bén trén.

Fig.2 1a so dd thé hién mot phuong 4n cu thé ctia phuwong phdp theo sdng
ché, bao gém lan luot céc budc trung hoa hon hop axit phosphoric téi do pH nam
trong khoang 1,6-2,0 duoc do sau khi pha loang 13 lin thé tich, bd sung chat keo
tu thir nhat va loai bo phan biin, bd sung tac nhan lam két tha, va tach phan két tua
ra khoi nudce loc/phan bén trén.

Fig.3 la so dd thé hién mot phuong 4n cy thé ciia phuong phdp theo sdng
ché, bao gbém 1an luot céc budc trung hoa hdn hop axit phosphoric t6i do pH nam
trong khoang 1,6-2,0 dugc do sau khi pha loang 13 1an thé tich, bd sung chét keo
fu thit nhét, loai bo phin bin, bé sung tac nhan 1am két tia, bd sung chat keo tu

thir hai va tich phan két tha ra khoi nude loc/phan bén trén.

M ta chi tiét sang ché

Truée khi hé théng va phuong phdp theo sing ché duoc mo ta, can phai
hiéu rang sing ché nay khong chi duge gidi han ¢ cac hé théng va cic phuong
phép cu thé hodc cac to hop duge md ta, do cdc hé théng va cic phuong phép va
céc t ho nhu vay tat nhién 1a c6 thé khac nhau. Ciing can hiéu rang cic thuét ngi
duoc st dung trong ban mo ta khdng nham muc dich gi6i han, boi vi pham vi cua
séng ché s& duoc xdc dinh bdi phan yéu cau bao ho.

Nhu duoc sir dung ¢ day, cdc dang s it bao gdbm ca cdc tham chiéu sb it va
s6 nhiéuy, trir khi duoc quy dinh khac.

Thuat ngtr “bao gom”, “odm” va “chira” khi dugc str dung trong ban mo ta
l1a bao g6n1 hoac duogc két thic md va khong loai trir thém, cac thanh ph?m, yéu t6
hodc cac budc cua phuong phap bo sung khong dugc trich dan. Cé4c thuét ngir
“bao gdm”, “gdbm™ va “chira” khi dé chi cdc thanh phan, yéu t6 hodc cdc bude clia
phuong phép dugc khéng dugc trich din con bao gom cédc phuong én ma “chira”
céc cac thanh phan, yéu t6 hodc cdc bude cia phuong phép dugc khong duoc trich
dan néu trén.

Viéc doc thudc pham vi s6 theo diém cudi bao gém tht ca céc sd va phan $6

duoc dat trong pham vi twong ng, cling nhu céc diém cudi duoc doc.
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Thuat ngit “khoang” khi duge s dung trong ban mé ta duoc ding dé chi
mot gia tr1 co thé do duoc, ching han nhu tham s6, luong, thoi lugng tam thoi va
céc yéu to tuong tu khdc, c¢6 nghia la bao gdm cic bién doi tir +/- 10% hodc it
hon, t&t nhat 1a +/- 5% hoac it hon, tot hon 12 +/- 1% hodc it hon, va t&t nhat 13 +/-
0.1% hodc it hon va tir gi4 tri dugc chi dinh nay, trong truong hop cac bién d6id6
phit hop dé thyc hién trong ban mo ta sing ché. Can phai hiéu rang gid tri ma
cong cu sira ddi “khoang” d& cap dén ciing chinh 1a cu thé va tt nhét 13 dwgc md
ta.

Maic du céc thuat nglt “mdt hodc nhiéu” hodc “it nhit mo6t”, nhu mot hodc
nhiéu hodc it nhat mot thanh vién cia mdt nhém céc thanh vién, déu rd rang trong
tirng truong hop, song didu cling can lam rd thém 1, thudt nglt nay bao gém cic
tham chiéu t6i thanh vién bat ky trong 56 céc thanh vién, hodc to hop bat ky cua
hai hodc nhiéu thanh vién, vi du nhu 36 luong thanh vién >3, >4, >5, >6 hoac >7
v.v. cua céc thanh vién nay, va tdi da 1a toan bd cdc thanh vién.

Trur khi ¢é quy dinh khéc, tht ca céc thuat nglt duge sir dung trong Ban mo
ta sdng ché, bao gbm céc thuat nglr khoa hoc va k¥ thuat, co y nghia nhu thuong
duoc hiéu béi ngudi ¢6 trinh d trung binh trong linh vuc ky thuat nay. Bing cic
hudng dan, cdc dinh nghia thém cho cdc thut nglr dugc su dung trong ban mo ta
dugc dua vao dé danh gid cao hon giai phdp ky thudt cua sang ché.

Trong phin moé ta duéi day, cdc khia canh khdc nhau cua sing ché duoc
mo ta mot cach chi tiét. Mdi khia canh duge xdc dinh nhu véy co thé duge két hop
voi khia canh hoac cdc khia canh bét ky trir khi c6 quy dinh khédc duge chi rd. Dac
biét 13, dau hiéu bat ky dugc chi ra la duge vu tién hodc 1a 6 loi c6 thé duoc két
hop v6i dau hiéu khac bat ky duoc chi ra 1a duoc wu tién hodc la ¢6 1oi

Trong toan bd ban mod ta sdng ché, khi d& cap dén “phuong dn” tuc la de
cap dén moét dAu hiéu, chu tric hodc dic tinh cu thé duogc md ta lién quan dén
phuong 4n dugc bao gdm trong {t nhé4t mot phuong én cla sing ché. Do d6, su
xuit hién cua cdc thudt ngit “theo mot phuong &n” & nhidu noi trong toan by ban
mo6 ta 1a khong nhat thiét phai dé cap dén cing mot phuong 4n, nhung ciing la co
thé. Hon nita, cdc dau hiéu, céu tric hodc dic tinh cu thé ¢6 thé duoc két hop theo

cach phu hop bat ky, nhu ngudi ¢6 hiéu biét trung binh trong linh vuc ky thuat
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nay da biét, trong mot hodc nhiéu phuong 4n. Hon nira, trong khi mot s0 phuong
an duoc mo ta ¢ day bao gdm mot s6 nhung khong bao gdm céc déu hiéu khéc
trong cdc phuong an khiéc, su két hop céc d4u hiéu cua cdc phuong an khdc nhau
c6 nghia la nam trong pham vi cua sdng ché va tao thanh cdc phuong an khéc
nhau, nhu da biét trong linh vuc k¥ thudt nay. Vi dy, trong Yéu ciu bio hd sau
day, bat ky phwong 4n duoc yéu cAu nao ciing c6 thé duoc st dung theo cach két
hop bat ky.

Trong ban md ta sing ché, su tham chiéu dén cac hinh v& kem theo cau
thanh mot phén cua né va trong dé cdc hinh vé dugc thé hién béng cach minh hoa
vé cdc phuong an cu thé ma sang ché ¢6 thé duoc thuc hién. Can phai hiéu rang
céc phuong an khéc co thé duoc su dung va cdc thay dbi vé cu tric hodc 16gic ¢6
thé duoc thuc hién ma khdng vuot qua pham vi cua sang ché. Do d6, su md ta chi
tiét sau ddy khong dugc hiéu theo nghia gi¢i han, va pham vi cua sang ché duoc
x4c dinh bdi yéu cau bao ho kem theo.

Trong ban mo td séng ché, nong dd cta cdc thanh phan c6 trong hon hop,
khi duoc biéu thi duéi dang phdn tram, dugc tinh theo khdi luong so véi téng
khdi lugng cua hon hop, trir khi cé quy dinh khéc.

Trong ban mo ta sang ché, trir khi c6 quy dinh khdc, cdc gid tri d6 pH duoc
do sau khi pha loang 13 1an thé tich bang nudc. N6i mét cdch khdc , gid ui do pH
duogc do sau khi tron mot thé tich mau chua pha loang véi 13 thé tich nudc.

Trong ban md ta sdng ché, trir khi ¢6 quy dinh khéc, thuat ngtr “polyme
ion” khi duoc dung lién quan t61 chat keo tu hodc chat hoat dong bé mit theo sang
ché, 12 dé chi cic dai phan tir bao gdm nhiéu don vi ion hodc mang nhidu dién
tich. Cu thé hon 13, thuat ngit “polyme jon” khi dugc dung lién quan t6i chat keo
tu hodc chét hoat dong bé mit theo sang ché duogc su dung ddng nghia voi thuat
nglr “chét da dién phan”, tic 1a cdc polyme, cu thé 1a polycation hogc polyanion,
¢6 cac don vi lap lai cia ching mang nhém dién ly. Trong ban md ta séng ché,
cac poly(met)acrylamit ion, nhu cac poly(met)acrylamit cation hodc anion dugc
dac biét uu tién.

Séng ché dé xuat phuwong phdp duoc cai thign dé loai bo cdc kim loai nang,

dac biét 1a cadimi, ra khoi hdn hop chira axit phosphoric trong nudc, trong dé tac
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nhan 1am két tha kim loai nang duoc bo sung vao hon hop chira axit phosphoric
trong nudc, 6 do pH nam trong khoang tr 1,6 dén 2,0 duoc do sau khi pha loang
13 14n thé tich. Khi duoc sit dung trong ban mo ta, thuat ngit "kim loai ndng"
duoc dung dé chi chung t6i cdc nguyén t6 thudc bang tuan hoan cé ty trong lén
hon 5g/cm3. C4c kim loai nang (hodc cédc ion kim loai nang) nhu vay bao gém, vi
du, mot hodc nhiéu kim loai trong s6 cadimi, dong, niken, thuy ngin, k&m, asen,
mangan va chi. Sang ché lién quan dac biét téi viéc loai bo it nhat 12 cadimi ra
khoi hon hop chura axit phosphoric. Thuat ngtr “hon hop chita axit phosphoric” c6
thé 12 dung dich axit trong nudc hodc hdn hop chura axit phosphoric khong xéc
dinh, bun phan huy, axit da duoc loc, va/hodc axit dic, nhu dugc md ta chi tiét
hon ¢ dudi.

Theo mot khia canh cua sidng ché, phuong phép loai bé cic kim loai nang
ra khoi hon hop chira axit phosphoric duge d& xuét, bao gdbm cic budc:

(a) cAp hon hop chira axit phosphoric chira céc kim loai da hoa tan, nhu
cadimi;

(b) két ta cdc kim loai ning d hoa tan bang cach bd sung tdc nhan lam
két tia kim loai nang vao hon hop cta bude (a), nho do tao ra phan két tua kim
loai nang trong hon hgp chira axit phosphoric, trong do tdc nhan lam két tia kim
loai ndng bao gbm axit dithiophospho hitu co, dac biét 1a axit dithiophosphinic ¢6
hai nhém thé hitu co hoic mubi kim loai kiém ho#c amoni ciia nd, va

(¢) tach phan két tia kim loai ndng ra khoi hdn hop chtra axit phosphoric;
trong d6 budc két thia (b) dugc thuc hién véi dd pH nam trong khoang tir 1,6 dén
2.0 (duoc do sau khi pha loang 13 1an thé tich bing cach sit dung nuée). O cic gid
tri d0 pH nay, su két toa kim loai n3ng, cu thé 1a su két ta cadimi, nho sir dung
axit thiophospho htru co hoac mudi kim loai kiém hodc amoni cua n6, dac biét la
axit dithiophosphinic ¢6 hai nhém thé hitu co hodc muéi kim loai kiém hoic
amoni cua né theo sang ché 1a dac biét c6 hiéu qua. Ngoai ra, ¢ cac diéu kién do
pH nay, sy két tua cia cdc mudi phospho, dic biét 1a dicanxi phosphat (CaHPO,)
duoc giam thiéu, nho vy giam thiéu muc ton hao phospho va duy tri ham luong

phospho trong hdn hop axit phosphoric va, do d6, trong san pham cubi.
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Dic biét 13, kim loai nang 1a cadimi. Theo séng ché, téc nhan lam két tia
kim loai nang thiophospho hitu co bao gdm axit dithiophosphinic ¢6 hai nhém thé

hitu co hodc muoi kim loai kiém hodc amoni ctia nd, ¢6 cong thuc 1

w2

RS

R/

v

—SM

Cong thuc 1

trong d6 R 12 nhém hydrocacbon mach théng hodc mach nhdnh duoc chon tu
alkyl, aryl, alkylaryl, hodc aralkyl, va trong d6 nhém hydrocacbon chua 3 té1 20
nguyén tir cacbon, va M 1a H, kim loai kiém hodc amoniac. Cdc vi du dugc wu
tién vé cdc nhém R trong axit dithiophosphinic ¢é hai nhém thé hiru co (hodc céc
mudi kim loai kiém hodc amoniac cua nd) c6 cong thirc 1 bao gdm, nhung khong
chi gi6i han ¢, cdc hydrocacbon chira 3 t6i 20 nguyén tu cacbon trong d6 nhém
hydrocacbon 1a mach thing hodc mach nhénh, xycloalkyl, alkylaryl, aralkyl. Tt
hon nira 13, cac nhém hydrocacbon thich hop bao gom, nhung khong chi giéi han
&, xyclohexyl, isopropyl, isobutyl, n-propyl, octyl, hexyl, phenyletyl, va 2,4,4-
trimetyl pentyl. Thdm chi t5t hon nita 13, axit dithiophosphinic c6 hai nhom thé
hitu co (hodc mudi ciia n6) duge sir dung theo sang ché khi tic nhan lam két tia 1a
di-isobutyl dithiophosphinat. Theo mét phuong dn dugc uu tién, tdc nhan 1am két
tha 12 natri di-isobutyl dithiophoshinat.

No6i chung, tdc nhén lam két taa kim loai ndng c6 thé duoc didu ché theo
quy trinh da dugc mo ta trong US 4308214 va cdc vi du twong g bang cach gia
nhiét 67,2 phan luu huynh va 114.8 t6i 284,8 phan nudc toi nhiét do khoang
70°C. Hdn hop nay duoc bd sung déu dan 29,5 t6i 64,5 di-phosphin thuong pham.
Sau khi di-phosphin da duoc bd sung, 67,5 t6i 193,5 phan b6 sung cua dietyl
phosphin dugc bd sung vao véi tdc dd sao cho trong thoi gian du dé bo sung toan
b6 dietylphosphin, 80,0 phan dung dich 50% cua natri hydroxit ciing dugc bd
sung véi toc d6 khong dbi dé trung hoa axit dithiophosphinic tao ra.

Theo cdac phuong én nhat dinh, tdc nhan lam két tha kim loai ning dugc bd

sung voi ham luong nam trong khoang tr 10ug dén 1mg cho 1g hdn hop chua
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axit phosphoric, cu thé 1a tr 50pg dén 0,75mg cho lg hdn hop chira axit
phosphoric, cu thé hon 12 nam trong khodng tr 0,2 dén 0,6mg hoic tr 0,3mg dén
0,6mg cho 1g hon hop chira axit phosphoric.

Theo mot phuong dn cua sang ché, phan ng v&i tdc nhéan lam két tia kim
loai nang theo sang ché ¢6 thé dugc thuc hién trong 3 phit tdi 1,5 gio, trong 5
phiit t6i mot gio, hodc trong 10 t6i 30 phut. Ngudi c6 hiéu biét trung binh trong
linh vuc k¥ thuit nay hiéu rang phan tng véi tdc nhan lam két tua kim loai ning
theo sang ché cu thé duoc thuc hién véi cic diéu kién tron manh, dic biét 1a vai
tdc d6 tron nam trong khoang tir 500 dén 700 vong/phit. Theo mdt phuong an cua
sang ché, phan tng véi tdc nhan lam két tia kim loai ning theo sdng ché c6 thé
duoc thuc hién ¢ nhidt do nim trong khoang tir 5°C dén 80°C, dac biét la ¢ nhiét
d6 nim trong khodng tir 5°C dén 50°C, cu thé hon la duoc thuc hién ¢ nhiét do
nam trong khoang tir 5°C dén 40°C. Do phan két tua kim loai ndng c6 thé kém
bén & nhiét d6 16n hon 40°C, nén ¢6 thé dwge mong mudn néu thyc hign phan ung
v6i tdc nhan 1am két tia kim loai nang trong thoi gian dudi 10 phit ¢ cac nhiét do
cao. N6i mot céch khéc, & cdc nhiét do nim trong khoang tir 40°C dén 50°C hoac
cao hon, budc ¢) duoc uu tién thyc hién trong 3 téi 10 phut sau budc b) nham
trénh sy thodi bién cua phén két tha & nhiét @6 cao. Viéc thuc hién qud trinh két
tia & nhiét d6 thap 1a c6 loi cho cho d6 bén ciia tac nhan 1am két tia, nhung c6 thé
ddi hoi nhiéu thoi gian hon dé phan két tua tao ra.

Theo séng ché, hon hop chira axit phosphoric ma tir d6 cdc kim loai nang,
dac biét la cadimi can duoc loai bo, c6 thé duoc tao ra béng cach phan huy da
phosphat, quang phosphat hoac khoang chét phosphat bang axit. P4 phosphat nhu
vay co thé chira ham luong cao cua cac kim loai nang, dac bi¢t 1a cadimi, vi du, tu
10 t61 300mg Cd/kg P,Os. Axit dugc sir dung trong budc phan huy cé thé 12 axit
nitric, axit sulfuric hodc t6 hop ctia ching.

Theo cédc phuong én nhét dinh, hdn hop chira axit phosphoric chtra 1 t61
85% khdi lwong axit phosphoric, cu thé 12 1 t6i 60% khdi luong axit phosphoric,
cu thé hon 1a 10 t6i 60% khdi lugng, nhw 20 téi 60% khdi lwong axit phosphoric,
cu thé hon nita 1a 10 t6i 40% khéi lugng axit phosphoric, cu thé nhat 1a 20 t6i

35% khoi luong hodc 25 t61 30% khoi luong axit phosphoric va cdc kim loai nang
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dd hoa tan, nhu cadimi. Hon hop chtra axit phosphoric nay c6 thé chira 1 t6i
500mg/l, dac biét hon 1a 1 t6i 250 mg/l, dac biét hon la 1 to1 100 mg/l cadimi da
hoa tan.

Theo cac phuong 4n nhét dinh, hon hop chira axit phosphoric dugc tao ra
bang cich phan hily dd phosphat, quing phosphat hoac khoang chét phosphat
bang axit nitric & 65°C. Dac biét 1a, hdn hop chita axit phosphoric chira 18 toi
21% khéi luong axit nitric, 25 t6i 29% khoi luong axit phosphoric va cdc kim loai
ning dd hoa tan, nhu cadimi da hoa tan. Dac biét hon 1a, hon hop chira axit
phosphoric dugc tao ra boi quy trinh nitrophosphat. Dac biét hon 14, hdn hop chira
axit phosphoric 12 nugc cdi thu dugc trong quy trinh nitrophosphat. Trong quy
trinh nitrophosphat, trong budc thu nhét hodc budc phan huy, dd phosphat duoc
phan huy trong axit nitric ¢ nhiét d6 65°C, thu dugc dich phén huy. Trong budc
thr hai hoac budc két tinh, canxi nitrat tetrahydrat dugc két tinh ra khoi chét long
phén huy thu dugc bun tinh thé. Trong budc thir ba hodc budc tich, canxi nitrat da
két tinh duoc tich bdi phuwong phép loc hodc quay ly tam chang han, tao ra céc
tinh thé canxi nitrat tetrahydrat tich ra ra khoi chit 16ng cua bun tinh thé, con
dugc goi la nudce cai.

Theo cac phuong dn nhat dinh, hon hop chuira axit phosphoric duge tao ra
boi quy trinh axit hon hop, trong d6 axit nitric dugc su sung dé axit hoa dd
phosphat, quang phosphat hoac khoang chat phosphat. Axit sulfuric thuong duoc
bd sung vao dé két tha canxi dudi dang canxi sulphat (thach cao), n6 thuong nim
lai trong bun va c6 tdc dong nhu mot chat pha lodng. Axit phosphoric c6 thé duoc
b sung vao dé didu chinh lugng phospho hoa tan trong nuéc, tuy thudc vao loai
duoc san suét.

Theo cac phuong 4n nhét dinh, hdn hop chira axit phosphoric nay c6 thé
dugce xu 1y trude trong mot hoac nhiéu cong doan, trudc khi bd sung tdc nhén lam
két ta vao, nhu duoc chi ra trén Fig.1, Fig.2 va Fig.3. Cdc cong doan xu ly trude
bao gdm viéc diéu chinh dd pH (Fig.1 - Fig.3) va/hodc téch cdc phan khong hoa
tan (bun) (Fig.2 va Fig.3) ra khoi hon hop chira axit phosphoric.

Theo cdc phuong én nhét dinh, viéc loai bo phém khong hoa tan (bun) ¢

thé bao gdm viéc bd sung chat keo tu thu nhat vao hon hop chira axit phosphoric
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da trung hoa dé tao thuén loi cho viéc tich phan khong hoa tan ra khoi hdn hop
chtra axit phosphoric (Fig.2 va 3).

DPic biét 13, theo mdt phuong 4n cia sang ché, buéc (a) con bao gém cac
budc:

(i) diéu chinh d6 pH ctia hdn hgp chira axit phosphoric chtra céc kim loai
d4 hoa tan t&i do pH nam trong khoang tr 1,6-2,0 (dugc do sau khi pha loang 13
lin thé tich bing cdch st dung nudc), nhd d6 thu dwge hon hop chia axit
phosphoric chtra phan bun;

(i1) tuy y, bo sung chét keo tu thir nhat vao hdn hop cua budce (i);

(i11) tdch phﬁn bun ra khoi hon hop cta bude (i) hodc (ii).

Trong ban mo ta sdng ché, d6 pH ctia hdn hop chura axit phosphoric duoc
didu chinh truéc khi bd sung téc nhan lam két tha kim loai nang vao téi d6 pH
nam trong khoang tr 1,6 dén 2,0 (dugc do sau khi pha loang 13 1an thé tich bang
cach st dung nudc), nho dé thu duoc hdn hop chira axit phosphoric da trung hoa,
c6 gid tri dd pH cao hon so voi gid tri do pH cua hon hop chira axit phosphoric
truée buse didu chinh do pH (i). Theo cdc phwong an nhat dinh, d§ pH cua hon
hop chira axit phosphoric trong nuéc dugc didu chinh bang céch st dung khi
amoniac. C6 loi 13, cu thé 1a khi hon hgp chira axit phosphoric chira axit nitric,
khong c6 nguyén td héa hoc nao khiac duoc dwa vao ngoai nito va hydro da c6
trong axit nitric, do d6 c6 thé thu dugc san phdm cudi NP rit tinh khiét

Theo séng ché, chét keo tu thi nhét 12 hop chit ma duoc bd sung vao trude
budc a-(ii). Theo cic phuong én nhéit dinh, {t nhét 12 phan ctia cdc thanh phan
khong hoa tan hodc bun c¢6 mit trong hon hop chira axit phosphoric, cu thé 12 hon
hop chira axit phosphoric da trung hoa, ¢6 thé duoc loai bo trudce khi bd sung tic
nhan 1am két tia kim loai nang vio. Dac biét hon 13, chét keo tu thir nhat c6 thé
dugc bd sung vao hon hop chira axit phosphoric, cu thé 12 hon hop chua axit
phosphoric da trung hoa, dé thuc day su két tu va su két tua cua cac thanh phan
khong hoa tan hoac phﬁn bun (Fig.2 va 3). biéu ngac nhién 1a, viéc loai bo céc
thanh phan khong hoa tan hodc bin truée khi bo sung tic nhén lam két ta kim
loai nang vao khong anh hudng dén hiéu qua két taa kim loai nang cua phuong

phédp nay. Ngoai ra, viéc tach ph?m bun va cac thanh ph?m khong hoa tan, nhu
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duoc tro gitp boi su keo tu, trude khi két tha kim loai ning, ddc biét 1a sy két ta
cadimi, tao thuan loi cho viéc chiét tach cadimi tir hon hop chira axit phosphoric.
C6 loi 1a, theo cach nay, mot lwong nho cua tdc nhan lam két tua kim loai ning
theo sang ché c6 thé dugc bd sung vao hon hop chura axit phosphoric va cac phan
két tha chira kim loai ning thu duge c6 n@)ng do cao cua cdc kim loai ndng, dac
biét la cadimi.

Chét keo tu thir nhit 6 thé 1 chét keo tu bét ky thich hop cho viée két ty
va keo tu phan bin.

Viéc tach bun ¢6 thé duoc thuc hién bsi phuong phép tich tiéu chuan bat
ky nhu, nhung khong chi gi6i han &, cdc phuong phdp loc, quay ly tam, lang,
tuyén ndi hodc léng gan. Theo cic phuong én nhét dinh, viéc tich phén bun hoac
khong hoa tan da két tha do viéc bd sung chit keo tu tha nhét duoc thuc hién béng
cach quay ly tim. Theo cdc phuong an cu thé, phan bun hogc khong hoa tan da két
tha duoc dua vao bude ¢d dic so bo trude khi quay ly tam, trong do it nhat 12
phﬁn chat long dugc tach ra khoi phén bun da két taa. Vi du, budc c¢o dac so bd
nhu vay co thé 12 budc gan léng, trong d6 cédc khi két tu dang bun duoc dé léng,
sao cho chat long c6 thé dugc tach, nhu bang céch ling gan, truée khi quay ly
tam. C6 loi 1a, theo cdch d6, lugng hdn hop dé quay ly tam, cu thé la lugng chét
16ng, giam va budc quay ly tim s& hiéu qua hon, do viéc tach ran/léng trong qua
trinh quay ly tdm dat hiéu qua dé dang hon.

Theo mdt phuong 4n cua sang ché, su két tia kim loai ning duoc thiic day
boi viée bo sung chat keo tu thu hai, cu thé 1a chét keo tu polyme ion, vao hdn
hop chita cac phan két tia kim loai nang (Fig.3). N6i mot cach khac, chét keo tu
thu hai duoc bd sung sau khi bo sung tdc nhan lam két tha kim loai ning vao va
sau khi céc phén két tha kim loai nang da duogc tao ra. Theo mt phuong an cua
sang ché, budce (b) bao gém cac buoc:

(b1) két tua cdc kim loai ning da hoa tan bang cdch bd sung tic nhan 1am
két tia kim loai nang vao hdn hop ciia budc (a), nhdy d6 tao ra phan ket tia kim
loai nang trong hon hgp chira axit phosphoric; va

(b2) bd sung chét keo tu thir hai vao hdn hop da thu dwge ¢ budc (bl), nho

d6 thu duoc khoi két tu chtra phén két tia kim loai ning.
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Nhu néu trén, chét keo tu thu hai 1a hop chat ma duoc b sung vao sau khi
tac nhan lam két tua kim loai ning dugc bd vao hon hop trong bude b) va trong
budc tach c).

Chat keo tu khién hinh thanh céc khéi két tu 16n thic day su téch cta cdc
phén két tia bao gém kim loai ning (cadimi) da duoc tao phuc voi tac nhan lam
két tha kim loai ning, ra khoi hdn hop chira axit phosphoric trong nudc. N guoi cd
hiéu biét trung binh trong linh vyc ky thuat nay hiu rng t&t nhat néu chit keo tu
khién hinh thanh két tu duoc thuc véi céc didu kién tron manh, ddc biét a véi tde
d6 tron nam trong khoang tir 100 vong/phit dén 300 vong/phiit. Theo cach dé, luc
cat du duoc tic dong dé tao céc khoi két tu boi su va cham cua céc phén két ta
kim loai va luc hadt dién tich ion. Luc ct qua cao vuot qud luc hit dién tich ion va
do vay khong cho phép két tu. Theo c4c phuong dn nhit dinh, budc keo tu ¢) duoc
thuc hién véi cac didu nhiét do va do pH giéng nhu bude két ta b).

Ngoai ra hodac theo cach khac, su két tia kim loai ndng c6 thé duoc thic
day boi viec bd sung chat hoat dong bé& mat polyme ion, né duoc bd sung vio
cling véi axit dithiophosphinic ¢6 hai nhém thé hitu co c6 cong thic 1, hodc mubi
kim loai kiém hodc amoni ctia né 1am tdc nhan lam két tha kim loai ning. Theo
sang ché, chat hoat dong bé mit 1a hop chit ma dugc bd sung vao cling vdi téc
nhan 1am két tua kim loai ning. Do d6, theo cdc phuong én nhat dinh cta sang
ché, budc (b) bao gém budc két tua cdc kim loai nang da hoa tan béng cach bo
sung tdc nhan lam két tua kim loai ning clng voi chét hoat dong bé mat polyme
ion theo sdng ché, cu thé 1a chat hoat dong bé mit cation polyme, chét hoat dong
bé mit anion polyme, hoic hdn hop cia ching, vao hon hop cua budce (a), 6 dd
pH nam trong khodng tir 1,6 va 2,0 (dwgc do sau khi pha loang 13 lan thé tich
bang cdch str dung nudc), nho d6 tao ra phén két tha kim loai ning trong hon hop
chira axit phosphoric, trong d6 tic nhan lam két tha kim loai ning chura axit
dithiophosphinic ¢6 hai nhém thé hitu co c6 cong thic 1 theo sdng ché, hodc mubi
kim loai kiém hodc amoni cua no.

Pic biét hon 12, mot trong hai hoac ca hai chat keo tu thir hai va chat hoat

dong bé mat 1a polyme cation, polyme anion hoéc hon hop cua ching.
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Theo cac phuong an cu thé, mot trong hai hodc ca hai chat keo tu th{r hai
va chét hoat dong bé mit 1a polyme cation, polyme anion hodc hon hop cua
ching, trong d6 mot trong hai hodc cé hai polyme cation va anion cé dién tich ion
nim trong khoang tir 10% dén 80%, tic 12 trong d6 10% t6i 80% s6 luong nhom
hoac nhém con cu thanh polyme 1a cac don vi hodc don vi ion hodac mang dién
tich. D4i véi céc chét keo tu anion hodc cation hodc cac chat hoat dong bé mit
theo sdng ché, gid tri dién tich ion c6 thé ciing dugc xem 1a mic d6 anion hoac
muc do cation, mot cdch twong ung. Theo cdc phuong an nhét dinh, mot trong hai
hodc cé hai chét keo tu thir hai va chat hoat dong bé mat 1 copolyme acrylamit
ion hodc copolyme metacrylamit ion. Khi dugc st dung trong ban md ta, thuat
ngi “copolyme acrylamit ion”, “polyacrylamit ion”, “copolyme metacrylamit ion”
hodc “polymetacrylamit ion” duoc dung dé chi polyme bao gbm cic don vi con
acrylamit hodc metacryl amit va con chira c4c don vi con mang dién tich ion. Cac
copolyme acrylamit cation hodc céc copolyme metacrylamit cation bao gdm cic
don vi con mang dién tich cation, cu thé 12 bao gébm nguyén tr nito bac bbn, nhu
bao gom céc don vi con ADAM hodac MADAM, tic la dimetylaminoetyl acrylat
hodc dimetylaminoetel metacrylat, mét cich tuong Ung. Copolyme acrylamit
anion hodc copolyme metacrylamit anion bao gdém cdc don vi con mang di¢n tich
ion, cu thé 1a bao gdm nhém chuc carboxylat hoac sulphonat, nhu bao gbm céc
don vi con axit acrylic hodc cdc don vi metacrylic, hodc cdc don vi con styren
sulphonat.

Theo cac phuong dn nhét dinh, mdt trong hai hodc ca hai chat keo tu thit
hai va chit hoat dong bé mat 1a:

- polyme cation, cu thé 1a copolyme (met)acrylamit cation, c6 dién tich
cation nam trong khoang tr 10% dén 80%, cu thé 12 ndm trong khoang tir 20%
dén 60% hoic tir 20% dén 50%, cu thé hon 1a ndm trong khoang tir 30% dén 50%
hodc nam trong khoang tr 35% dén 45%;

- polyme anion, cu thé 1a copolyme (met)acrylamit anion, c¢6 dién tich
anion ndm trong khoang tir 10% dén 50%, cu thé 1a ndm trong khoang tir 10% dén
40%. cu thé hon 1a nim trong khoang tir 15% dén 30%; hodc

- hén hop cua ching.
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Chét hoat dong bé mat hoic chit keo tu cation dugc wu tién cu thé 1a
copolyme gdm cdc don vi acrylamit hodc metacrylamit va monome da clo-metyl
hod, nhu cdc monome dimetylaminoetyl metacrylat hoac dimetylaminoetyl
acrylat. Chat keo tu anion dugc uu tién cu thé 1a copolyme gdm cic don vi
acrylamit hodc metacrylamit va cdc monome axit acrylic hoac metacrylic.

Theo cac phuong én nhat dinh, chit keo tu polyme thir hai hodc chét hoat
dong bé mat ¢6 trong lugng phan tr MW nam trong khoang tr 3 x 10° Dalton dén
14 x 10° Dalton, cu thé 12 nim trong khoang tir 4 x 10° Dalton dén 12 x 10°
Dalton, cu thé hon 12 nim trong khodng tir 4 x 10° Dalton dén 8 x 10° Daiton.
Chét keo tu polyme hodc chat hoat dong bé mit nay c6 thé 12 phan t& mach thang
hodc phén tir c6 mach nhanh.

Theo cac phuong 4n nhét dinh, mot trong s6 hodc toan bo chét keo tu thu
nhét, chit keo tu thir hai va chit hoat dong bé mat duoc bb sung v6i lidu luong
nam trong khodng tur 3 dén 30g/m3 hon hop axit, cu thé 1a vé6i lidu lugng nam
trong khoang tur 3 dén 20g/m3 hdn hop axit, nhu véi lidu luong nam trong khoang
flr 5 dén 20g/m? hodc tir 10 dén 20g/m? hén hop axit.

Theo cdc phuong an nhat dinh, chat keo tu thir nhét ¢6 thé la giéng nhu
hoac khéc voi chét keo tu thtr hai. Theo cdc phuong dn cu thé, chat keo tu thu nhat
12 polyme cation, polyme anion hodc hdn hop cta ching. Pdc biét hon la, chat
keo tu th(r nhét 1a polyme cation, polyme anion hodc hon hop cua ching, trong d6
polyme cation va/hodc polyme anion c6 dién tich ion ndm trong khoang tir 10%
dén 80%, tirc 1a trong d6 10% t6i 80% s6 lwgng nhém cu thanh polyme 1a céc
nhém ion hoac mang dién tich. ChAt keo tu th@ nhét c6 thé 12 polyme cation c6
dién tich cation nam trong khodang tir 20% dén 80%, cu thé 12 nam trong khoang
fr 20% dén 60% hodc tir 20% dén 50%, cu thé hon 1a ndm trong khoang tir 30%
dén 50% hoic tr 35% dén 45%; polyme anion c6 di¢n tich ion nam trong khoang
tir 10% dén 50%. cu thé 1a nim trong khoang tir 10% dén 40%, cu thé hon 1a nam
trong khoang tir 15% dén 30%: hodc hon hop cua ching. Theo cdc phuong an cu

thé, chit keo tu thi nhit 1a copolyme ion ctia acrylamit hodc metacrylamit.
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Do d6, theo cdc phuong 4n cu thé, sdng ché dé xuét phuong phép loai bo
cdc kim loai nang da hoa tan trong hdén hop chira axit phosphoric, trong do6
phuong phdp nay bao gdm cic budc:

(a)(1) cép hon hop chira axit phosphoric chura cac kim loai da hoa tan, nhu
cadimi, va diéu chinh do pH cta hdn hop chira axit phosphoric chira cdc kim loai
da hoa tan to1 do pH nim trong khoang tur 1,6 dén 2,0 (duoc do sau khi pha loang
13 14n thé tich bang cdch st dung nudc), nho d6 thu dugc hon hop chua axit
phosphoric da trung hoa chira phén bun,;

(a)(i1) bd sung chét keo tu thi nhét, cu thé 1a chit keo tu polyme ion theo
sang ché vio hdn hop ciia bude (a)(i), nhe d6 thu duge céc khoi két tu dang bun,
va, tuy ¥, loai bo phan chét léng;

(a)(iii) loai bo cdc khdi két tu dang bun ra khoi hon hop cia budc (a)(ii), cu
thé 12 bang cach quay ly tam;

(b1) két tha cdc kim loai nang da hoa tan bang cach bd sung tac nhan lam
két tua kim loai ning vao hon hop cua bude (a)(iii), nho do tao ra phﬁn két tua
kim loai nang trong hon hop chira axit phosphoric;

(b2) b sung chét keo tu thi hai, cu thé 12 chéit keo tu polyme ion theo sang
ché vaio hén hop da thu duge & bude (b1), nhd d6 thu duge khdi két tu chira phan
két tua kim loai ning; va/hodc bd sung chat hoat dong bé mit polyme ion theo
sang ché vao d6ng thoi cing voi tdc nhén lam két tha kim loai nang trong budc
(b1).

(¢) téch phan két tia kim loai nang ra khoi hon hop chira axit phosphoric
ctia bude (b2), cu thé 12 bang cich quay ly tam.

Theo mot phuong 4n cla sing ché, mdt trong hai hodc ca hai budc két tua
(b) va bude keo tu (a)(ii) dugc thyc hién & nhiét do nam trong khoang tir 5°C dén
50°C, cu thé 12 duoc thuc hién & nhiét d6 nam trong khoang tlr 5°C dén 40°C. Cic
két qua dic bidt tdt da thu dugc & nhiét do nam trong khoang tir 10°C dén 35°C
hoac tir 10 dén 30°C. Céc nhiét do nay két hop véi cac diéu kién @6 pH néu trén
tr 1.6 61 2.0 duoc do sau khi pha loang 13 1an thé tich, ¢6 loi cho tinh on dinh
clia tdc nhan lam két tia kim loai nang trong hdn hop chira axit phosphoric theo

sang ché. Cac dieu kién nay cling dugc chira la t6i uu cho qua trinh keo tu va qua
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trinh két tia cua cdc chit khong hoa tan khac véi phosphat hodc phén bun trong
hdn hop chira axit phosphoric (dé trung hoa). Céc phuong an nhat dinh cta sing
ché bao gdm viéc diéu chinh nhiét d¢ ctia hdn hop chira axit phosphoric tdi nhiét
d6 ndm trong khoang tir 5°C dén 50°C, cu thé 12 t6i nhiét d ndm trong khoang tir
5°C dén 40°C, cu thé hon 1a t&i nhiét d6 ndm trong khoang tir 10°C dén 35°C
hodc tir 10°C dén 30°C, bing cdch lam ngudi tu nhién hodc béi céc b trao doi
nhiét.

Theo séang ché, viéc tach trong budc ¢) hodc budc a)(iii) c6 thé duogc thuc
hién theo cdc phuong phdp da biét trong linh vuc ky thuat nay dé tdch long-ran
nhu, nhung khong chi giéi han ¢, mot trong hai hodc ca hai phuong phédp quay ly
tam va ldng gan. Viéc tach bang cich quay ly tam dugc dac biét vu tién. Mac du
mot sé khdi két tu da dugce chi ra la twong déi dé v, song viée tich cdc khéi két
tu bing cach quay ly thm da mang lai hiéu qua déng ngac nhién

Theo mot khia canh khéc, sdng ché dé xuat phuong phdp tao ra phan bén, cu
thé 1a phan dam, bao gdm cic budc:
- Phén huy d4 phosphat bang axit nitric, nhd d6 thu duoc hon hop bao gbm axit
phosphoric va canxi nitrat;
- Loai bo cdc kim loai nang ra khoi hdn hop chira axit phosphoric theo phuong dn
bat ky ciia sang ché; ddc biét 1a bao gdm cdc bude: tuy ¥, logi bo phan bun bang
cach keo tu béng chit keo tu (thw nhét) va két tua:; két tha cac kim loai nang da
hoa tan, nhu cadimi, bang cdch b6 sung tidc nhan lam két tia kim loai ning vao
hon hop chira axit phosphorié, & do pH nam trong khoang tir 1,6 dén 2,0 (duoc do
sau khi pha lodng 13 lan thé tich bang cdch s dung nuéce) trong do tac nhan lam
két tha kim loai ning 13 axit dithiophosphinic c6 hai nhom thé hiru co c6 cong
thirc 1 hoac mubi kim loai kiém hodc amoni cua no; tiép d6, bd sung chét keo tu
thir nhét vao hdn hop chira cic phin két tia kim loai ning, cu thé 12 v6i céc diéu
kién tron manh, nhu véi toc do tron nam trong khoang tr 100 dén 300 vong/phuit,
nho dé thu duoc khéi két tu chura phﬁn két tia kim loai ning trong hdn hop chira
axit phosphoric; va tach khdi két tu chira phan két ta kim loai nang ra khoi hon

hop chtra axit phosphoric.
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- Didu chinh tiép do pH ctia hdn hop chira axit phosphoric t61 do pH khoang 8,5
(duwoc do sau khi pha lodng 13 1an thé tich béng cach str dung nuéc) béng cach su
dung khi amoniac;
- Tuy y, bd sung cac mudi kali vao hdn hop chira axit phosphoric ¢6 do pH 8,5
(duoc do sau khi pha loang 13 1an thé tich béng cach str dung nudc);
- Tao dang hat hon hop chtta axit phosphoric c6 d6 pH 8,5 va tuy § chua cac mudi
kali, va, tiép theo, tuy ¥, boc va/hodc nhudém mau céc hat.

Theo cédch nay, c6 thé tao ra duoc, tr quy trinh nitro-phosphat, cdc hat phan
NP hoidc NPK duoc boc hodc khong duoc, cé mau hodc khong mau ¢6 ham luong
thdp cua cdc kim loai néng, nhu cadimi. Nguoi c6 hiéu biét trung binh trong linh
vuc k¥ thudt nay sé thay 1o rang phuong phdp theo sing ché ¢6 thé dugc 4p dung
cho toan bd hdn hop trong nudc thu duge tir budc phin huy hodc chi d6i voi phan
chét 1ong phan huy. Trong truong hop sau, phan chét 1ong phan huy ma khong
dugc xtr 1y theo phuong phdp cua sang ché duoc tron véi hodc duge pha lodng
bang phin chat long phan huy da duoc xi 1y theo phuong phép cua séng ché, sao
cho muc kim loai nang (cadimi) cua hon hop da két hop thép hon mot gid tri

mong muon, cu thé 1 van nam trong giéi han quy dinh.

Céc vi du thye hién sang ché
Vidul-Su két tua kim loai nang & céc gid tri do pH khéac nhau
Thiét 1ap thir nghiém

Nuéc cdi thu duoc tir quy trinh Odda trén co s¢ 100% da Khourigba 20
khéng nung (K20) dugc trung hoa toi cac gid tri 6 pH khéc nhau (do pH nam
trong khoang 1,1-2,4), dugc do sau khi pha loang 13 lan thé tich bang céch st
dung nudc (bang céach tron 1 phan nudc céi va 13 phﬁn nudc), dé nghién ctru anh
huong cua dé pH t6i hiéu qua chiét tich Cd va kha nang xay ra su két ta phospho
trong qua trinh trung hoa. Khoang d¢ pH 1,1-2,4 (duoc do sau khi pha lodang 13
lan thé tich bang cich st dung nudc) tuong ng Vi khoang d6 pH cua hon hop
chua pha loang khoang -0,95 dén 0,68 (gi4 tri 46 pH am co thé do dugc trong céc

dung dich ¢6 tinh axit cao). Viéc do d6 pH duoc thuc hién & nhiét d trong phong
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(22-24°C). Tét ca cac thir nghiém déu duoc thuc hién & quy mod phong thi nghiém
(150-250 g).

Nudc cai duge st dung bao g@)m 4,8% khoi luong Ca (khi dugc do boi
phép quang phd hap thu nguyén tir Atomic Absorption Spectroscopy), 8,1% khéi
luong P (khi duoc do boi phép do trong luc P), 34% khoi luong H,O (khi duoc do
bodi phép chuan do Karl Fisher) va 8,5ppm Cd ( khi dugc do boi phép do ICP-
OES). Cén hiéu rdng cdc ham luong phan trim va cdc luong lién quan t&i hon
hop ML chi la déu hiéu chi bdo cho hon hop nhu vay va khong nham muc dich
gi6i han d6i véi cdc quy trinh dugc md ta.

Sau khi trung hoa té1 d6 pH mong mubn (d6 pH nam trong khoang 1,1-2,4,
duge do sau khi pha lodng 13 14n thé tich bang c4ch st dung nudc), nudc cdi da
trung hoa dugc lam ngudi xubng khoang 50°C va duoc quay ly tAm. Bun da tich
ra nhu vay duoc bo di.

Viéc két tua Cd duoc thuc hién clung véi natri diisiobutyl dithiophosphinat
(DTPINa) lam tic nhan lam két tua & nhiét d6 khong 1én hon 30°C nham tranh sy
thodi bién cua tdc nhan lam két tia trong moi trudng axit. Pac biét Ia, phan noi
bén trén duoc bd sung DTPINa (0,016g/g nude cdi 3,56 % - tuong Ung VOl
570ppm DTPINa) dudi sy tron manh nho st dung bo khudy tir (600 vong/phiit)
trong 3 phtt, tiép d6 chét keo tu polyacrylamit cation dugc b6 sung vao (FO 4490
SSH, ndng d6 0,1% khdi luong, 0,003g/g NP.-liq.), va, sau khi b6 sung chat keo
tu, tdc d6 khudy dwoc giam xubng 150 vong/phiit cho bude keo tu. Sau 3 phiit,
hon dich duge quay ly tim. Bun va phin ndi bén trén dugc phan tich bang cach st
dung mdy phat xa plasma cam tmg ICP-OES (Thermo Scientific, iCAP 7400 Duo,
& ché do truc ddi voi cdc kim loai nang: Cd, Zn, Cu, Ni, Pb, Mn va As) vé néng
do kim loai nang va trong luong P dé danh gid mirc t6n that P c6 thé xdy ra trong

cac budc khac nhau.

Két qua
Néng do va tong ham lugng Cd trong nudc cdi da trung hoa (trude va sau
khi loai bo bin) vi trong phin ndi bén trén/phan loc sau khi lam két tua Cd duoc

thé hién trong Bang 1.
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Bang 1. Hiéu qua két tha Cd & cdc gia tri dd pH khéc nhau

b6 pH* Cd trong ML | Cd tr ong ML | Cd trong phan ndi | Hiéu quloai
sau khi trung sau khi loai bén trén sau khi bd Cd
hoa bo bun (tinh | lam két tna Cd (%)
(tinh theo mg) theo mg) (tinh theo mg)
1,1 (-0,95) 1,6 1.4 1,3 7,2%
1,3 (-0,69) 1,6 1.4 1,3 5,6%
1,4 (-0,53) 1,8 1,6 1,5 7,6%
1,5 (-0,27) 1,7 1,5 1.4 8,9%
1,6 (-0,1) 1,5 1.3 0,06 96,6%
1,8 (0,18) 1,8 1,6 0,07 96,3%
1,9 (0,27) 1,6 1,4 0,04 97,7%
2,0 (0.31) 1,7 1,4 0,07 96,2%
2,2 (0,68) 2,6 23 0,2 89,2%

* duoc do sau khi pha loang 13 1an thé tich bang cach su dung nudc; cdc gid tri
nam trong ngodc tuong tng véi do pH cua mau chua dugc pha lodng.

Céc két qua nay cho thiy rang phén bun chira rat it Cd: ham lugng cua Cd
trong mau trude khi loai bé bun 1a twong ty nhu ham lugng Cd con lai trong dich
sau khi loai bé bun. Thuc té 1a, phin bin ndy chi gdm cdc thanh phan khong tan
trong axit ma thuong la cudn theo nudc céi qua cac bude xur ly khdc nhau.

Bang 1 con cho thiy rang hiéu qua chiét tach Cd (boi su két tiia) tiy thudc
vao do pH. Khi d6 pH nho hon 1,6 (duoc do sau khi pha loang 13 lan thé tich
bang cich st dung nudc), chi khoang 7-9% Cd dugc két tia boi hop chat
DTPINa. Tréi lai, véi do pH 16n hon 1,6 (duoc do sau khi pha loang 13 lan thé
tich bang cach st dung nude), hiéu qud loai bo Cd tang téi khoang 96%. V6i do
2.2 (duoc do sau khi pha loang 13 lan thé tich béng c4ch st dung nudc), mic do
loai bé Cd van rat cao (khoang 90%). Tuy nhién, budc tich s& bi han ché, do viéc
d6 nhét tang khién cho qud trinh tach ly tdm kém hiéu quéd hon.

Ngoai ra, trong cdc diéu kién thir nghiém da duogc thiét lap, viéc trung hoa

nuéce cdi 161 do pH nam trong khoang tir 2,4 (duoc do sau khi pha loang 13 1an thé
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tich bang cach st dung nudc), nudc céi chuyén sang dang ran sau khi 1am ngudi
va viéc két tiia Cd bang DTPINa c6 thé khong thyc hién duoc.

Ngoai ra, nhu duoc thé hién trong Bang 2, voi cdc gid tri d6 pH nam trong
khoang 1,1 t6i 2,0 (duoc do sau khi pha loang 13 14n thé tich bang céch sir dung
nude), khoang 90-95% phospho ¢6 mat trong mju sau khi loai bo bin, nam lai
trong dung dich sau khi bd sung tdc nhan lam két taa kim loai ndng vao, cung voi
khoang 5-10% P bj thét thodt trong phan keét tia chira Cd (chét thai). Tuy nhién,
v6i 46 pH 2,2 (duge do sau khi pha loang 13 lan thé tich bing cdch st dung
nuéc), viée chi khoang 2/3 phospho c¢é mdt trong cac mau sau khi loai bo biin nim
lai trong phén no6i bén trén, sau khi loai bo cdc phén két tua kim loai nang (Cd),
chimg t6 muc do that thodt phospho dang ké trong phan két tha. N6i cach khac,
v6i céc gid tri do pH 16n hon 2,0 (dugc do sau khi pha loang 13 1An thé tich bang
cach str dung nudce), nhu & d6 pH 2,2 (dugc do sau khi pha loang 13 1an thé tich
bang cach st dung nudc), cdc hop chét phospho (vi du, canxi phosphat) bat dau
két tia khi d6 pH tang. Viéc giam thidu mic do that thodt P trong quy trinh 1
quan trong do phospho 1a mot thanh phan c6 gid tri trong nuéc cdi.

Bang 2. Thu hdi P (boi phép phén tich trong luc P) & céc gid tri 6 pH khédc nhau

Do pH* P trong phan ndi bén trén | P trong phan két P trong phan

sau khi lam két tha Cd | tia Cd (chét thai) | noi bén trén

(tinh theo g) (tinh theo g) (tong % P)
1,1 (-0,95) 8,60 0.80 91,5%
1,3 (-0,69) 11,61 0,63 94,9%
1,4 (-0,53) 13,87 0,90 93,9%
1,5 (-0,27) 13,43 1,11 92,4%
1,6 (-0,1) 11,28 0,75 93,8%
1,8 (0,18) 13,59 1,35 91,0%
1,9 (0,27) 11,91 0,92 92,8%
2,0 (0.31) 11,99 1,26 90,5%
2,2 (0,68) 14,87 7,87 65,4%

* duoc do sau khi pha loang 13 lan thé tich bang cach st dung nudc; cdc gid tri

nim trong ngodc tuong ung voi do pH cua mau chua dugc pha loang.
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Tém lai, khi d6 pH nho hon 1,6 (dugc do sau khi pha loang 13 1an thé tich
bing céch s dung nwéc), viée chiét tich Cd (bdi sw ket tia) 1a khong déng ké
(khoang 7-9%), trong khi véi cac gid tri d0 pH nam trong khoang 1,6-2,0 (duogc
do sau khi pha loang 13 14n thé tich bang c4ch st dung nudc), hi¢u qua chiét tach
Cd 1a khoang 96 %. C6 loi 13, voi céc gid tr1 do pH nam trong khoang tir 1,6 dén
2.0 (duoc do sau khi pha loang 13 lan thé tich béng cach st dung nudc), muc do
that thodt P trong phan két taa kim loai ning cling duoc giam thiéu (khoang 5-
10%). Véi do pH bang hodc 1én hon 2,2 (duge do sau khi pha loang 13 lan thé
tich béng cach st dung nudc), muc do chiét Cd van cao, nhung cac van dé vé do
nhét s& anh huong toi viée tach hiéu qua cua chét thai Cd. Ngoai ra, mic do that

thodt P trong chét thai Cd ciing nhidu hon do sy ket tua P.
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Yéu cau bao ho

1. Quy trinh loai bo cdc kim loai néng ra khoi hon hop chtra axit phosphoric, bao
gdm céc budc:

(a) cap hon hop chira axit phosphoric chira cdc kim loai da hoa tan, nhu cadimi;
(b) két tia cdc kim loai ning da hoa tan bang céch bo sung tdc nhan lam két tha
kim loai nang vao hon hop cua bude (a), nho d6 tao ra ph'?m két tha kim loai ning
trong hdn hop chira axit phosphoric, trong d6 tdc nhan lam két tua kim loai ning
12 axit dithiophosphinic c¢6 hai nhom thé hitu co hoic mudi kim loai kiém hodc

amoni cta nd, ¢6 cong thirc (1):

ﬁ
R
~
P SM
R/
Cong thuc 1

trong d6 R 1a nhém hydrocacbon mach théng hodc mach nhdnh duoc chon tr
alkyl, aryl, alkylaryl, hodc aralkyl, va trong d6 nhém hydrocacbon chtra 3 t6i 20
nguyén tir cacbon, va M 1a H, kim loai kiém hodc amoniac; va

(¢) tich phan két ta kim loai nang ra khoi hdn hop chira axit phosphoric;

khéc biét ¢ cho, buédc két taa (b) duoc thuc hién voi 4o pH nam trong khoang tur

1,6 dén 2,0 (duoc do sau khi pha loang 13 lan).

2. Quy trinh theo diém 1, trong d6 bude (a) con bao gdm cic bude:

(i) didu chinh d6 pH ctia hdn hop chira axit phosphoric chira cdc kim loai da hoa
tan to1 do pH nam trong khoang tur 1,6 dén 2,0 duoc do sau khi pha lodng 13 lan
thé tich, nhd d6 thu duoc hdn hop axit phosphoric chira phan bun;

(if) tuy ¥, bd sung cht keo tu thit nhat vao hdn hop clia budc (i) trong dé chat keo
tu thtr nhat nay 12 polyme anion, polyme cation, hoac hon hop cua ching thich
hop cho viéc két tu va viéc keo tu clia phan bun;

(1ii) tach phén bun ra khoi hon hop cua budc (i) hodc (ii).
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3. Quy trinh theo diém 2, trong d6 viéc diéu chinh do pH dugc thyc hign bang

c4ach bo sung amoniac vao.

4. Quy trinh theo diém bAt ky trong sb cic diém tur 1 t6i 3, trong d6 budc (b) bao
gdm cac budc:

(b1) két tia cdc kim loai ndng da hoa tan bing cdch bo sung tic nhan lam két tha
kim loai nang vao hon hop cta bude (a), nho d6 tao ra phﬁn két tha kim loai ning
trong hon hop chira axit phosphoric; va

(b2) bd sung chét keo tu thi hai vao hon hop da thu duge ¢ bude (b1), nho dé thu
duoc khdi két tu cha phan két tia kim loai nang, trong d6 chat keo tu thtr hai
nay 1a polyme anion, polyme cation hoac hon hop cua ching thich hop cho vige

két tu va viéc keo tu hon hop da thu duge & bude (bl).

5. Quy trinh theo diém bét ky trong s6 cac diém tir 1 toi 4, trong d6 trong bude
(b), chit hoat dong bé mat anion polyme, chit hoat dong bé mit cation polyme,
hoac hdn hop cua ching dugc bb sung & dang két hop voi tdc nhan lam két tia
kim loai nang vao hon hop cla budce (a) va trong d6 mot trong hai hodc c4 hai
chit hoat dong bé mat polyme va chét keo tu 12 copolyme cua (met)acrylamit, cu
thé 1a copolyme cation ctia (met)acrylamit va monome da clo-metyl hoa,

copolyme anion (met)acrylamit va axit (met)acrylic, hodc hon hop cua ching.

6. Quy trinh theo diém 4 hodc 3, trong d6 mot trong hai hodc ca hai chét hoat
dong bé mit polyme va chét keo tu dwoc bd sung véi lidu lugng nam trong
khoang tur 3 dén 30g/m3 hén hop axit, cu thé 1a v6i lidu lugng ndm trong kKhoang

tir 3 dén 20g/m? hdn hop axit.

7. Quy trinh theo diém bt ky trong sb cdc diém tr 1 t6i 6, trong d6 mot trong hai
hodc ca hai budc két taa va budc keo tu duoc thuc hién ¢ nhiét do nam trong

khoang tir 10 dén 50°C.
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8. Quy trinh theo didm bét ky trong so céc diém néu trén, trong d6 hon hop chia
axit phosphoric 1a san phim phin huy béi axit cua d4 phosphat, t6t hon 12 béi axit

nitric, axit sulfuric hodc hon hgp cua ching.

9. Quy trinh theo diém bat ky trong sb céc diém néu trén, trong d6 hon hop chua
axit phosphoric la hon hop axit trong nude chira 25 t61 33% khéi luong axit
phosphoric, 6-21% khéi lugng axit nitric, 3,5 t6i 5% khoi luong canxi va céc kim

loai ndng da hoa tan, nhu cadimi, tinh theo tong khdi lwgng ctia hon hop nay.

10. Quy trinh theo diém bat ky trong s6 cac diém néu trén, trong d6 R trong cong
thic (1) duoc chon tur nhém bao gdm xyclohexyl, isopropyl, isobutyl, n-propyl,
octyl, hexyl, phenyletyl va 2,4,4-trimetylpentyl, cu thé 13 trong d6 tdc nhan lam

két tia kim loai ning la natri diisobutyldithiophosphinat.

11. Quy trinh theo diém bat ky trong s6 cac diém néu trén, trong d6 kim loai ndng
duoc chon tu cadimi, déng, niken, thuy ngan, kém, asen, mangan va/hoac chi; tdt

hon 1a trong d6 kim loai ndng la cadimi.
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PIEU CHINH PO PH CUA HON HOP CHUA AXIT
PHOSPHORIC
t6i do pH = 1,6-2,0 duoc do sau khi pha loang 13 lan thé

tich

4

BO SUNG TAC NHAN LAM KET TUA

(V61 su tron manh)

4

TACH PHAN KET TUA RA KHOI
NUGC LOC/PHAN BEN TREN

Fig.1
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PIEU CHINH PO PH CUA HON HOP CHUA AXIT
PHOSPHORIC
t6i do pH = 1,6-2,0 duoc do sau khi pha loang 13 1an thé

tich

@

BO SUNG CHAT KEO TU THU NHAT

(v6i su tron manh)

4

LOAI BO PHAN BUN/KHONG HOA TAN

4

BO SUNG TAC NHAN LAM KET TUA

(v6i su tron manh)

4

TACH PHAN KET TUA RA KHOI
NUGC LOC/PHAN BEN TREN

Fig.2
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PIEU CHINH PO PH CUA HON HOP CHUA AXIT
PHOSPHORIC
t6i @6 pH = 1,6-2,0 duoc do sau khi pha loang 13 1an thé
tich

4

BO SUNG CHAT KEO TU THU NHAT

(v61 sy tron manh)

4

LOAI BO PHAN BUN/KHONG HOA TAN

(bang cich lang va/hodc quay ly tim)

{

BO SUNG TAC NHAN LAM KET TUA

(v6i su trdn manh)

4

BO SUNG CHAT KEO TU THU HAI

(v6i sy tron manh)

4

TACH PHAN KET TUA/KHOI KET TU RA KHOI
NUGC LOC/PHAN BEN TREN

Fig.3
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