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(57) Séng ché dé cap dén phuong phap chuyén hoa hdn hop rin chira kim loai ning
nguy hiém thanh hdn hop rin chira kim loai nang khong nguy hiém va hén hop 16ng hau
nhu khong chira kim loai ning. Phuong phap nay bao gém cic buée a) tron va hoa tan
hén hop ran chira kim loai ning nguy hiém bang dung dich axit, nhd d6 thu duge hén
hop axit kim loai ning nguy hiém; b) két tia kim loai ning tir hdn hop axit kim loai ning
nguy hiém bing cach: do dé pH cta hdn hop axit sau khi pha loang bang 13 lan thé tich
nudce. va diéu chinh dé pH cua hdn hop rén chira kim loai ning nguy hiém dén it nhét 0,9
néu do pH do duoc thap hon 0.9; va cho hon hop axit kim loai nang nguy hiém phan ung
v6i chét két taa kim loai nang; va c) két tha kim loai nang tir hén hop axit kim loai ning
nguy hiém bfang cach diéu chinh gia tri do pH cua hon hop 161 gia tri b?mg it nhat 0,9 néu
d6 pH duge do & budc b) thap hon 0,9 va cho phan tmg v§i chét két tha kim loai nang;
va d) phan tach két toa kim loai nang ra khoi phén dich ndi & trén. nho dé thu dugce hon
hop ran tro chira kim loai nang bao gdm kim loai ning két tia va hon hop long hau nhu
khong chira kim loai nang bao gdm dich ndi & trén. Chit két tia kim loai ning dugc
dung bao gdm axit diorgano-dithiophosphinic hodc cac mudi kim loai kiém hoac muéi

amoni cia chung ¢6 Cong thirc 1

Coéng thire 1

trong dé R [a goc hydrocacbon mach thang hodc mach nhanh duogc chon tir alkyl,

I3
A

aryl, alkylaryl, hodc aralkyl, va trong d6 goc hydrocacbon nay ¢é tir 3 dén 20 nguyén tir

cacbon, va M 1a H, kim loai kiém hodc amoniac.
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Linh vue ki thuit duoc dé cip

Sang ché dé cap toi linh vuc xur Iy hdn hop ran chira kim loai ning nguy hiém.

Tinh trang ky thuat ciia sang ché

Céc kim loai ning nhu cadimi, dong, niken, chi, kém va thuy ngan chi duogc chip
nhin ¢ mot ham luong nhat dinh, tuy thudc vao ung dung cu thé, do ching c¢6 ddc tinh,
va do vay chung can phai duoc duoc loai bé hoan toan hodc ham luong cua chiung can
phai dugc gidam dang ké. Nhiéu quy trinh da duoc phat trién trong nhitng nim qua dé loai

bo cac kim loai nay.

Vi du, cadimi la nguyén t6 ¢6 sdn tu nhién trong vo trai dt. Cu thé, da phosphat
khai thac tor cac mo phosphat thuong chua cadimi vé1 luong twr 0,15 dén 507 mg/kg da
phosphat ¢6 ham lugng phospho (P,Os) trung binh khoang 30% khéi luong (Swe Swe
Mar & Masanori Okazaki, Microchemical Journal 104 (17-21), September 2012). Néu
nhu cadimi khong dugc loai bo tir da phosphat trude khi xtr Iy hodc trong quy trinh nitro-
phosphat, thi phan bon thu dugc tr quy trinh nay s¢ chtra cadimi. Mot s6 dang cadimi co
thé duoc thuc vat hép thu va, do do, lot vao chudi thuc an. Cadimi c6 thé gay ton hai cho
phoi, than, va xwong. Do do, can phai han ché ham luong cadimi trong phan bon. Lién
minh chau Au hién dang xem xét gidi han & mic 60 mg cadimi trén 1 kilogram phospho
(tinh theo P,Os). Tuy nhién, Phin Lan dang ap dung mot gidi han tham chi con thélp hon,

nhu 21,5 mg cadimi trén 1 kilogram P,O:s.

Céach két tia cac kim loai nang, nhu cadimi trong quy trinh nitro-phosphat, da
duoc biét dén trude day. US 4,986,970 boc 16 phuong phap loai bo cdc kim loai ndng,
dac biét la cadimi, chu yéu la tr nudie cai thu dugce tir quy trinh Odda, béng cach su dung

cac mudi kim loai cua cac dithiocacbonic axit-O-este, con dugc goi la xantat.

US 2004/0179984 boc 16 quy trinh va hon hop dé loai bo cac ion kim loai ning,
nhu céc ion cadimi, dong, chi, niken, arsen, mangan, k&m, va thity ngén tir quy trinh axit
phosphoric uét. Quy trinh nay bao gom viéc xur ly axit phosphoric true khi hoac sau khi

loc thach cao béng axit diorgano-dithiophosphinic (hodc cac mudi kim loai kiém hodc
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mudi amoni cta ching), axit diorgano-dithiophosphoric thi nhét (hodc cac mudi kim
loai kiém hodc mudi amoni cua ching) va tuy y axit diorgano-dithiophosphoric thtr hai
(hodc cac mudi kim loai kiém hodc mudi amoni cta chung), két tha cac kim loai nhu
cadimi, déng, chi, niken, arsen, mangan, k€m va thiy ngan ¢ nhiét d6 nam trong khoang
tir 10 dén 85°C va tdt hon néu tir 50 dén 80°C, va phan tach phé"m loc béng cach loc hodc
tuyén ndi.

EP 0091043 bdc 16 viée sir dung cac chét loai bo kim loai nang tuong tu nhu cac
chit da boc 10 trong US 2004/0179984 dé loai bo cadimi bang cach két tia tir quy trinh
Odda. ”

Mot van dé lién quan t6i viec két tua cac kim loai nang la khéng thé tranh duoc su
tao thanh hon hop chtra kim loai ning dudi dang hon hop ran can duge vt bo. Cac hon
hop ran chia kim loai nang, chfmg han nhu hdn hop rin chtta cadimi, cé thé dé ri ra
cadimi va cac kim loai nang khéc, do d6 c6 hai ddi voi moi trudng. Vé mat ndy, tiéu
chudn EU NS-EN 12457-2 cho phép phan loai cac hon hop rin theo quy trinh thw
nghiém ngdm chiét. Theo tiéu chudn EU NS-EN 12457-2, hdn hop chira kim loai néng
tro va khong nguy hiém duoc xac dinh 1a hdn hop ngam chiét 1an luot it hon 0,04 ppm
va tu 0,04 dén 2,00ppm cadimi, hoac it hon 0,5ppm va tr 0,5 dén Sppm arsen, hoac it
hon 2 ppm va tir 2 d&én 50ppm ddng, hodc it hon 0,01ppm va tr 0,01 dén 0,5ppm thiy
ngan, hodc it hon 0,4 ppm va tir 0,4 dén 10ppm niken, hodc it hon 0,5ppm va t 0,5 dén
10ppm chi, hodc it hon 4 ppm va tu 4 dén SOppm kém, vao dung dich nude, khi xu ly
hén hop theo tiéu chuan nay va co thé duge thai bo mot cach an toan ma khong can co
céc bién phap phong nglra bo sung. Mit khac, hon hop ngadm chiét nhiéu hon 2ppm
cadimi, hodc nhidu hon 5ppm arsen, hoic nhiéu hon 5Oppm ddng, hodc nhidu hon
0,5ppm thuy ngan, hodc nhiéu hon 10ppm niken, hoic nhiéu hon 10ppm chi, hoic nhiéu
hon 50ppm kém, vao dung dich nudc khi xtt 1y hon hop theo tiéu chuin EU NS-EN
12457-2, can duoc phén loai la nguy hiém va phai tuin theo cic yéu céu dic biét dbi voi
céc chét thai bo. R& rang 1a, kha nang ap dung thuc té ctia mot quy trinh khai thac kim
loai néng, nhu quy trinh chiét xudt cadimi, ¢ lién quan chit ché véi hang phan loai (tro,
khéng nguy hiém hoc nguy hiém) ctia hdn hop kim loai ndng thu duoc tir két tua cua

ching.
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US 4,762,693 boc 16 phuong phap xit 1y chét thai chira cadimi trong d6 chét thai
dugc xu 1y va duoc chuyén héa thanh chit rdn phu hop vé mit sinh thai va phéin ¢6 kim
loai ndng. Phuong phap nay bao gom bude diéu chinh do pH t&i cac gia tri nhu 8,5 hodc
9 dé tach riéng cadimi hydroxit. Tuy nhién, US 4,986,970 ciing boc 10 rang viée két tha &
dd pH 4-6 dugc coi 1a khong thuc té do khi do cac phosphat khac nhau s& két tia véi
lwong 1én. Tuong tu, EP 0091043 ciing boc 19 ring viéc xtr Iy nudc cai axit & do pH cao
hon bi ngan can bdi sy c6 mat d@)ﬂg thoi cua cac két tua phuc hop chtra cac hop chat
phosphat, silicagel, canxi, magie, va nhom. Do d6, c6 thé két luan rang su két tia & cac
© gia tri pH cao nhu 8,5 va 9.0 ¢ véan dé 1a tao ra mot lugng 16n chét thai, bao gém ca cac

phosphat van con hiru ich.

Noi chung, cling con co cac hdn hop kim loai ndng nguy hiém khac véi hon hop
duoc tao ra tir sy két tia cadimi tr khoi phan bon néng chay va chira phospho. Vi vy,
van dé ngam chiét kim loai ndng tu hdn hop chira kim loai nang can phai dugc giai quyét

cho tat ca cac loai hdn hop chtra cadimi nguy hiém.

Do d6, can c6 giai phap dé xir Iy cac hon hop chtra kim loai nang nguy hiém, nhu
hon hop chira cadimi, thanh hon hop chra kim loai ndng khong nguy hiém. N6i cach
khac, can phai c6 giai phap ¢b dinh cac kim loai nang trong hén hop thu dugc tir sy két
tia cac kim loai ndng nay, sao cho khong nhung két tha dugc cac kim loai nang nay dé
tao ra hon hop c6 ham lugng céc kim loai ndng ¢ muc du thap, ma con thu duoc hon hop
kim loai nang két tia khong nguy hiém, c6 nghia la cac kim loai nang nay khong dugc ri
ra khoi hon hop kim loai nang véi murc 1ém hon cac ti€u chuan quy dinh dé néu, dé c6 thé

duoc thai b6 mot cach an toan.

Ban chit ky thuit ciia sang ché

Theo mot khia canh, sang ché d& xuét Phuong phap chuyén héa hén hop ran chua
kim loai nang nguy hiém, bao gém mot hodc nhiéu kim loai ning, thanh hon hop ran
chira kim loai nang khong nguy hiém va hon hop long hau nhu khong chira mot hodc
nhiéu kim loai ning. Phuong phap nay bao gdm: a) budc tron va hoa tan hén hop rin
chira kim loai nang nguy hiém béang dung dich axit, nhd d6 thu dugc hon hop axit kim
loai nang nguy hiém; b) budc két tua cac kim loai ning nay tu hon hop axit kim loai
nang nguy hiém bang cach cho hén hop axit kim loai nang nguy hiém phan tng véi chét

két tha kim loai ning ¢ do pH bang it nhét 0,9, duoc do sau khi pha loang bang 13 lan
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thé tich nudc; cu thé bang cach: do do pH cua hon hop axit sau khi pha lodng 13 lan thé
tich trong nudc va diéu chinh d6 pH cta hon hop ran chira kim loai ndng nguy hiém dén
it nhat 0,9 néu 46 pH do dugc thép hon 0,9; va cho hon hop axit kim loai nang nguy
hiém phan tmg voéi chét két tua kim loai ning; va c) budc phan tach két taa kim loai nidng
ra khoi phén dich ndi & trén, nho d6 thu duge két tua kim loai ning 1a hon hop ran chira
kim loai nang khong nguy hiém va dich ndi & trén 1a hdn hop long hau nhu khong chuia
kim loai nang; trong do chit két tia kim loai ning ndy bao gbm axit diorgano-
dithiophosphinic hodc cac muéi kim loai kiém hoic mudi amoni ctia chung, c6 Cong
thtre 1:

g

Rl
P—SM

R/

Cong thuc 1

va trong do R 1a géc hydrocacbon mach théng hoic mach nhanh dugc chon tur
alkyl, aryl, alkylaryl, hodc aralkyl, va trong dé géc hydrocacbon nay co fur 3 dén 20

nguyén tr cacbon, va M 1a H, kim loai ki€ém hoéc amoniac.

Nhim muc dich cla sang ché nay, cac hon hop chtra kim loai nang nguy hiém
duoc xac dinh 1a hon hop ngam chiét nhidu hon 2ppm cadimi, hodc nhiéu hon Sppm
arsen, hodc nhiéu hon 50ppm dong, hoic nhiéu hon 0,5ppm thiy ngan, hoac nhiéu hon
10ppm niken, hodac nhiéu hon 10ppm chi, hodc nhiéu hon S0ppm kém, vao dung dich
nude khi xtr 1y hon hop theo phuong phap gian luge cua Tiéu chuéan chau Au NS-EN
12457-2, bing céch sir dung 10 1 nude trén 1 kg hdn hop (“Tiéu chuén EU cai bién”
(Modified EU Standard)cho vét liéu c6 ¢& hat nhé hon 4 mm — nhu s& duoc mo ta dudi
day). Nham muc dich cua sang ché nay, bing cach st dung tiéu chudn EU cai bién, chi
can do duoc muc ngdm chiét tr hdn hop rin nhiéu hon 2ppm cadimi, hodc nhiéu hon
S5ppm arsen, hodc nhiéu hon 50ppm ddng, hodc nhiéu hon 0,5ppm thuy ngén, hoac nhiéu
hon 10ppm niken, hodc nhiéu hon 10ppm chi, hodc nhiéu hon 50ppm k&m, la du dé coi
hdn hop ran nay 1a nguy hidm. Dbi véi tt ca cac muc dich thuc té, bét ky hdn hop nao
dwoc coi la nguy hiém theo tiéu chuén thuc té ctia EU ciing c6 thé duoc xac dinh 1a nguy

hiém theo tiéu chuan EU cai bién.
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Nham muc dich cta sing ché nay, cac hon hop chira kim loai nang khong nguy
hiém duoc xac dinh 1a hdn hop ngam chiét bang hodc it hon 2ppm cadimi, hoac bang
hodc it hon Sppm arsen, hoac bang hodc it hon 50ppm dong, hodc bang hodc it hon
0,5ppm thuy ngén, hoac bang hodc it hon 10ppm niken, hodc bang hoic it hon 10ppm
chi, hodc bang hodc it hon 50ppm k&m, vao dung dich nudc khi xur ly hon hop theo tiéu
chuén EU céi bién. Nhim muc dich ctia sang ché nay, bang cach str dung tiéu chuén EU
céi bién, chi can do dugc mic ngdm chiét tir hdn hop ran bang hoic it hon 2ppm cadimi,
hodc b?‘?\ng hodc it hon Sppm arsen, hodc bflng hodc it hon 50ppm déng, hoac bé‘mg hodc it
hon 0,5ppm thuy ngan, hodc bang hodc it hon 10ppm niken, hodc bang hoic it hon
10ppm chi, hoac bang hodc it hon 50ppm kém, la du dé coi hdn hop ran nay l1a khong
nguy hiém. Hon hop nhu vay co thé thuc su khong nguy hiém hodc tro theo tiéu chuan
EU nhung déi véi tht ca cac muc dich thyc té, tit c nhiing gi ¢6 lién quan la vat liéu nay
duoc coi 1a khong nguy hiém va tidu chuan EU cai bién 1a du dé danh gia hau hét cac vat
licu.

Nham muyc dich cla sang ché nay, hon hop long hau nhu khong chira kim loai
nang la hon hop 16ng chura it hon 12ppm, t6t hon néu it hon 8ppm, t6t hon nita néu it hon
4ppm, t6t nhat néu it hon Ippm theo khéi luong cadimi, hodc bang hoic it hon 5ppm
arsen, hodc bang hodc it hon 50ppm ddng, hodc bang hodc it hon 0,5ppm thuy ngan,
hodc bang hodc it hon 10ppm niken, hodc bang hodc it hon 10ppm chi, hoac bang hoac it

hon 50ppm ké&m.

Céc tac gia sang ché da bat ngd phat hién thdy ring phuong phap theo sang ché da
dua ra duoc giai phap dé chuyén hoa cac hdn hop rin chira kim loai nang nguy hiém
thanh hdn hop ran chtra kim loai nang khong nguy hiém ma co thé dugc thar bo mot cach
an toan: cac kim loai nang nay duoc ¢b dinh chat hon trong hon hop chira kim loai nang
thu duoc sau chuyén hoa, va do d6 hon hop thu duge sau chuyén hoa nay c6 thé duoc
bao quan ma khong can quan tam dén, vi du, cac diéu kién thoi tiét nhu mua, cac kim
loai nang ngam chiét tir hdn hop nay, khién cho hon hop nay tré thanh ngudn tiém an gay
nguy hai cho mdi truong. Ngoai ra, ham lugng kim loal nang trong hdn hop chira kim
loai nang khdng nguy hiém cao hon ham luong kim loai néng trong hon hop chira kim
loai nang nguy hiém ban dau, do d6 dan dén téng khéi lugng va thé tich ctia hon hop

chura kim loai ndng khong nguy hiém nhé hon khdi luong va thé tich twong tmg cua hén
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hop rén chtra kim loai nang nguy hiém. N6i cach khac, phuong phép theo sang ché nay

cho phép lam giam duoc luong hdn hop rén chira kim loai nang nguy hiém.

Theo mdt phuong an thuc hién phuong phap theo sang ché nay, hon hop ran chira
kim loai nang nguy hiém dic trung & chd n6 chira cac kim loai nang va ngam chiét nhiéu
hon 2ppm cadimi, hoac nhidu hon 5ppm arsen, hodc nhiéu hon 50ppm déng, hodc nhiéu
hon 0,5ppm thuy ngan, hoac nhiéu hon 10ppm niken, hodc nhiéu hon 10ppm chi, hodc

nhiéu hon 50ppm kém, theo tiéu chuén EU cai bién.

Theo mdt phuong an thuc hién phuong phap theo sang ché nay, hdn hop ran chira
kim loai nang nguy hiém nay 1a hon hop chira cadimi, cu thé 1a hon hop chtra cadimi ma
ngam chiét nhiéu hon 2ppm cadimi vao dung dich nuée, theo tiéu chuén EU cai bién, va
hdn hop ran chira kim loai nang khong nguy hiém nay 1a hon hgp chira cadimi, cu thé la
hdn hop chira cadimi ma ngam chiét bang hoic it hon 2ppm cadimi vao dung dich nudc,

theo tiéu chuan EU cai bién, va hon hop 1éng nay hau nhu khéng chua cadimi.

Nham muc dich cta sang ché nay, hon hop chira cadimi nguy hiém duoc xac dinh
la hdn hop ngam chiét nhiéu hon 2ppm cadimi vao dung dich nudc, khi xu 1y hon hop
theo phuong phap gian luoc cua Tiéu chudn chau Au NS-EN 12457-2, bang cach su
dung 10 1 nudc trén 1 kg hdn hop (“Tiéu chuin EU cai bién” cho vit liéu c6 c& hat nho
hon 4 mm — nhu s& duoc mo ta dudi day). Nhim muc dich ctia sang ché nay, bang cach
su dung tiéu chuan EU cai bién, chi can do dugc mic ngdm chiét tur hon hop ran nhiéu
hon 2ppm cadimi la du dé coi hdn hop rén nay la nguy hiém. Déi voi tat ca cac muc dich
thuc té, bat ky hdn hop ndo duge coi 1a nguy hiém theo tiéu chuan thyc té ctua EU ciing

¢6 thé duoc xac dinh 1a nguy hiém theo tiéu chuén EU cai bién.

Nhim muc dich cta sang ché nay, hon hop chta cadimi khong nguy hiém duogc
x4c dinh 1a hon hop ngdm chiét bang hodc it hon 2ppm cadimi vao dung dich nudc, khi
xtr Iy hon hop theo tiéu chuan EU cai bién. Nhdm muc dich cua sang ché nay, bang cach
st dung tiéu chuén EU cai bién, chi can do duge mirc ngam chiét tr hdn hop rén béing
hodc it hon 2ppm cadimi la du dé coi hdn hop rin nay la khong nguy hiém. Hon hop nhu
vay c6 thé thuc sy khong nguy hiém hoc tro theo tiéu chuan EU nhung d6i voi tat ca
cac muc dich thuc té, tat ca nhitng gi ¢6 lién quan la vat liu nay duoc coi la khong nguy

hiém va tiéu chuan EU cai bién la du dé danh gia hau hét cac vat li¢u.
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Nhdm muc dich cua sang ché nay, hon hop long hau nhu khong chira cadimi la
hon hop 16ng chira it hon 12ppm cadimi, t6t hon néu it hon 8ppm, tt hon nita néu it hon

4ppm, t5t nhat néu it hon 1ppm cadimi theo khéi lugng.

Theo mét phuong 4n thuc hién phuong phdp theo sing ché nay, dung dich axit

dugce dung c6 d6 pKa nho hon 2,3.

Theo mot phuong an thyc hién phuong phép theo sang ché nay, hon hop ran chira
kim loal nang nguy hiém con chia tir 1% dén 10% khdi luong phospho va tir 1% dén

18% khdi luong canxi.

Theo mot phuong an thuc hién phuong phéap theo sang ché nay, hon hop ran chua
kim loai ndng nguy hiém la san pham cudi ctia qua trinh két tia cac kim loai nang, nhu
quy trinh Odda.

Theo mot phuong an thyc hién phuong phap theo sang ché nay, hdn hop rin chira
kim loai nang nguy hidm con chua tir 1% dén 10% khdi lugng phospho va tir 1% dén
18% khdi lugng canxi, hodc la san phém cudi cua qua trinh két tha cac kim loai nang,
nhu quy trinh Odda, va d6 pH ¢ budc b) duge didu chinh néu can dén gié tri nam trong
khoang tir 0,9 dén 1,6, duoc do sau khi pha lodng bang 13 1an thé tich nudc.

Theo mot phuong an thuc hién phuong phéap theo sang ché nay, R trong Cong
thirc 1 dugc chon tr nhom chi bao gdm xyclohexyl, isopropyl, isobutyl, n-propyl, octyl,
hexyl, phenyletyl va 2,4,4-trimetylpentyl.

Theo mot phuong 4n thuc hién phuong phép theo sang ché nay, chat két tia kim
loai ning la natri diisobutyldithiophosphinat.

Theo mdt phuwong an thuc hién phuong phap theo sang ché nay, c6 bun ran trong
hdn hop axit kim loai nang nguy hiém va trong do, trudc bude Kkét tha b), thuc hién budc:
d) ly ra it nhit mot phﬁn bun ran trong hon hop axit kim loai ndng nguy hiém.

Theo mot phuong an thuc hién phuwong phap theo sang ché nay, budc e) bao gom
viéc:

e) bd sung chét tao keo ty, nho d6 tao ra chét keo tuy,

trong do chét tao keo tu duoc bd sung sau budc tron va hoa tan a).
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Theo mdt phwong an thyc hién phuong phap theo sang ché nay, chét tao keo tu
duoc bd sung trudc budce két tua b), va/hodc trong budce két tia b) va/hodc sau budc két

tua b).

Theo mét phuong 4n thuc hién phuong phép theo sang ché nay, chét tao keo tu

duogc bo sung sau budce két tua.

Theo mdt phwong an thuc hién phwong phép theo sang ché nay, chét tao keo tu 12

polyme dang cation.

Sang ché cling md td viéc su dung axit diorgano-dithiophosphinic hoac cac muoi
kim loai kiém hodc mudi amoni cla axit nay dé chuyén hoa cac hdn hop rdn chira kim
loai nang nguy hiém thanh hdn hop ran chira kim loai nang khong nguy hiém va hon hop
long hau nhu khong chira kim loai nang. Axit diorgano-dithiophosphinic nay hodc céc

mudi kim loai kiém hodc mudi amoni ctia né ¢6 Cong thire 1

ﬁ

R

~
P—SM

R/

Cong thirc 1

trong d6 R la géc hydrocacbon mach théng hodc mach nhanh dugc chon tir alkyl,
aryl, alkylaryl, hodc aralkyl, va trong do gbc hydrocacbon nay co tir 3 dén 20 nguyén tr

cacbon, va M 1a H, kim loai ki€ém hodc amoniac.

Trong qua trinh sir dung nay, hdn hop ran chira kim loai nang nguy hiém 14 hon
hop chira cadimi, hon hop ran chira kim loai nang khéng nguy hiém 1a hon hop chua
cadimi va hon hop long hau nhu khong chira cadimi.

Trong qua trinh st dung nay, R trong Cong thuc 1 dugc chon tr nhém chi bao
gdbm xyclohexyl, isopropyl, isobutyl, n-propyl, octyl, hexyl, phenyletyl va 2,4,4-
trimetylpentyl.

Trong qué trinh su dung nay, chat két taa kim loai ning la natri

diisobutyldithiophosphinat.
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M6 ta van tat cac hinh vé kém theo

Fig.1 la anh chup thiét bi lac vai lo chira mAu & vi tri ndm ngang (4nh trén) va lo

chura dung dich mau trude khi lac (anh dudi).

Mo ta chi tiét cac phwong 4n thuc hién sang ché

Trong toan by ban md ta va yéu cAu bao hd clia sang ché nay, cac tir “bao gdm”
va céc bién thé cua chung c6 nghia la “bao gdm nhung khéng bi giéi han 6”, va ching
khong dugc du dinh dé (va khong) loai trir cac géc khac, cac chét phu gia khéc, cac hop
phan khac, s6 nguyén khac hodc budc khac. Trong toan bo ban mo ta va yéu céu bao ho
cuia sang ché nay, cac tr & dang s6 it cling bao ham nghia s6 nhiéu trir khi nglt canh c6
nghia khac. Cu thé, khi mao tir khong xac dinh (trong ban mo ta tiéng Anh) duoc su
dung, thi danh tir lién quan dwoc du dinh la bao ham ca s6 it va sb nhiéu, trir khi nglr

canh c6 nghia khac.

Cac diu hiéu, sb nguyén, dac tinh, hop chét, géc hoda hoc, hodc cac nhom dugc
mo ta trong mot khia canh, phuwong 4n hodc vi du cu thé vé dbi tuong cAn duoc hiéu 1a co
thé ap dung cho khia canh, phuong an hogc vi du bat ky khac dugc mé ta ¢ day trir khi
khong tuong thich. TAt ca cac ddu hiéu duge bdc 1 trong ban mo ta nay (bao gom phan
mo ta, phﬁn yéu cdu bao ho, phan tom tht va cac hinh v&), va/hodc tat ca cdc budc cua
phuong phap hodc quy trinh bét ky duge boc 19, co thé dugc két hop theo t6 hop bat ky,
ngoai trir cac td hop trong do it nhat mot sb cac dau hiéu va/hodc bude nhu vay loai trir
lAn nhau. Sang ché khong bi giéi han ¢ cac chi tiét cua cac phuong an bt ky néu trén.
Sang ché ma rong t6i dAu hiéu méi bét ky, hodc t6 hop dau hiéu méi bat ky dugc boc 10
trong ban mo ta nay (bao gdm phan md t, phan yéu cdu bao ho, phan tom tat va cac
hinh v€), hodc budc mai bét ky, hodc t6 hop budc méi bét ky, ctia phwong phéap hodc quy

trinh bat ky dugc boc 10.

Viéc liét ké céc gia tri s6 bang khoang cac tri s0 bao gom tat ca cac gia tri va phan
s6 nam trong khoang nay, ciing nhu cac diém & bién. Cym tur “ndm trong khoang tur ...
dén ... ” duoc dung véi khoang gia tri ¢6 thé do dugc, nhu thong so, luong, thot gian, va

tuong tu, duoc dy dinh dé bao gé)m cac giéi han lién quan t6i pham vi dugc dé cap.

Thuat ngit “khodng” dugc ding voi khoang gia tri co thé do dugc, nhu thong sb,

luong, thoi gian, va tuong tu, duge du dinh dé biéu thi sai b do luong lién quan téi ky
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thuéat dugc dung dé do cac thong $0, luong, thoi gian, va tuong tu nhu vay, va dugc coi
1a v6i sai s bang 5% hodc it hon, tiy thude vao ky thuat do dugc st dung. Cén phai hiéu

rang ban than gid tri ma thuat ngtr “khoang” dé cap dén ciing dugc bao ham.

Trong ban mo ta sang ché nay, trir khi ¢6 chi dan khac, céc gia tri d6 pH duoc do
sau khi pha loang 13 1an thé tich v6i nude. Noi cach khac, gia tri d6 pH duoc do sau khi

tron mot thé tich cua mau chua duoc pha lodng véi 13 thé tich nudc.

Theo mot khia canh khéc, sang ché dé xuét Phuong phép chuyén héa hon hop rn
chura kim loai ndng nguy hiém thanh hon hop rén tro chtra kim loai ning va hon hop 1éng
hau nhu khong chira kim loai ning. Cu thé, sang ché dé cap dén phuong phap chuyén
hoa hdn hop ran chira cadimi nguy hiém thanh hdn hop rén tro chta cadimi va hdn hop

long hau nhu khong chira cadimi.

Phuong phap theo sang ché nay c6 thé dugc ap dung cho hon hop rén bét ky chua
cac kim loai ndng va ngam chiét nhiéu hon 2ppm cadimi, hodc nhiéu hon Sppm arsen,
hodc nhiéu hon 50ppm dong, hodc nhiéu hon 0,5ppm thiy ngan, hoac nhiéu hon 10ppm
niken, hodc nhiéu hon 10ppm chi, hodc nhiéu hon 50ppm k&m, theo tiéu chuan EU cai
bién. Vi du v& nguyén liéu ban dAu 14 hdn hop rén chia kim loai ndng nguy hiém nhu
vay bao gom hdn hop thu duge tir qua trinh chiét cac kim loai ning tir nudc cai phan bon
nhu duoc moé ta trong EP 0091043, US 2004/0179984 hodc US 4762693. Do do6, cu thé,
nguyén liéu ban d4u nay 1a cac hon hop ran chua kim loai ning nguy hiém ma c6 thé con
chira phospho va canxi. Cu thé, nguyén liéu ban dau nay co thé chua tir 1% dén 10%
khéi luong phospho va tir 1% dén 18% khéi lwong canxi. Phuwong phap nay ¢ thé 1a dac
biét thich hop dé ap dung véi hdn hop ran chtra kim loai ning thu dugc tir qua trinh chiét
céc kim loai ning ti nudc cai phan bon cé chira phosphat va canxi, nu6e cai nhu vay la

san pham cua qua trinh phan hoa da phosphat béang axit.

Trong budc thir nhét, budc a), 1a bude tron va hoa tan, hdn hop ran chra kim loai
nang nguy hiém duge tron va duogc hoa tan béng dung dich axit. Trong budc tron va hoa
tan ndy, cac kim loal nang duoc ngam chiét tir hon hop ran chira kim loai nidng nguy
hiém vao dung dich axit, nhd d6 thu dugc hon hop axit kim loai nang nguy hiém. Khong
can ¢6 buge nghién thanh bot truée bude tron va hoa tan. Tuy nhién, nguoi ¢6 hiéu biét
trung binh trong linh vuc k¥ thuat nay co thé thuc hién bude nghién thanh bot nhu vay

nhim lam giam kich thudc cua cac hat hdon hop chita kim loai nang nguy hiém va, do do,
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tao didu kién thuan loi cho viéc hoa tan cac hat nay vao dung dich axit. Trong cac
phuong an cu thé, hdn hop ran chira kim loai nang nguy hiém nay 1a hon hop ran chua

cadimi nguy hiém.

Nhu duoc xac dinh ¢ day, dung dich axit 1a dung dich bét ky c6 46 pKa bang hoic
thép hon 7. Dung dich axit nay va 11611g dd mol cua dung dich axit nay co thé duoc chon
dé giam thé tich cua dung dich axit can ding va dé t6i da hoa lugng kim loai nang dugc
ngam chiét vao hon hop axit. Viéc giam dé pKa, cling nhu viéc tang nong do mol cua
dung dich axit dugc chon co thé cai thién duoc qua trinh ngdm chiét cac kim loai ning tur
hdn hop ran chira kim loai ning nguy hiém vao hén hop axit 10ng. Tét hon néu dung dich
axit nay co thé c6 do pKa thap hon 2,3, t6t hon nita néu thap hon 1,2, t&t nhat néu thap
hon 0. Theo cach nay, co thé dat duoc viéc phan huy t61 uu cac hon hop ran chira kim
loai nang nguy hiém trong budc tron va ngdm chiét. Két qua l1a sé thu duoc luong t6i da
cac kim loai ndng két tha trong budc két tha va, do do, luong tdi thiéu kim loai ning

trong hon hop long hau nhu khong chira kim loai nang.

Dung dich axit nay co thé dugc chon tr cac dung dich axit cloro, axit
hypophosphoro, axit iodic, axit nitric, axit pecloric, axit periodic, axit sulfamic, axit
tertafloboric, axit thioxyanic, axit cromic, axit phosphoro, axit selenic, axit sulfuric, axit
arsenic hodc axit pyrophosphoric. Tt hon néu ndng dd mol cta dung dich axit nay nim
trong khodng tir 3 dén 8 M, t6t hon nita néu tir 3 dén 6 M, t5t nhat néu tr 3,5 dén 4,5 M.
Céac dung dich co nong do tur 2 dén 8 M axit nitric hodc axit clohydric, t6t hon néu tir 3
dén 6 M axit nitric hoic axit clohydric, tét hon nira néu tir 3,5 dén 4,5 M axit nitric hoac
axit clohydric dugc thay la thich hop dé thuc hién budc tron va hoa tan trong phuong
phéap theo sang ché nay. Bang cach st dung cac dung dich nay, co thé ngdm chiét duoc
fir 70% dén 80% khdi lugng tr téng lwong kim loai ning, nhu cadimi, ma c6 mat trong
hdn hop ran chira kim loai ning nguy hiém vao dung dich axit, khi budc tron va hoa tan
nay duoe thue hién & nhiét d6 tr 20°C dén 50°C, tot hon néu tir 25°C dén 50°C, tot hon
nira néu tir 35°C dén 45°C, trong khoang thoi gian tir 30 phit dén 24 gio, t6t hon nita néu
tir 30 phiit dén 1,5 gid, tot nht néu tir 45 phut dén 1 gio, va tron tir 30g dén 150g, tét hon
néu tir 45g dén 75 g, t6t nhit néu tir 65g dén 75g hon hop chira kim loai néng nguy hiém
v6i 100g dung dich axit ndy. Viéc ting nhiét do, tang thoi gian phan Ging va giam ty 1€

gilta khdi luong ctia hon hop chtra kim loai nang nguy hiém va khoi luong ctia dung dich
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axit déu dan dén lam ting ty 1é ngdm chiét cac kim loai ning vao dung dich axit. Do do,
¢6 thé diéu chinh nhiét do, thoi gian phan tng va khoi luong cua dung dich axit dugc su
dung trong budc trén va hoa tan nay dé ngam chiét duoc it nhét 70% cac kim loai ndng,

nhu cadimi, tir hdn hop chira kim loai nang nguy hiém vao dung dich axit.

Ngoai ra, nguoi co hiéu biét trung binh trong linh vuc ky thuat nay s€ co thé dé
dang diéu chinh céc diéu kién phan (mg trong budc tron va hoa tan tuy theo kiéu loai cu
thé cua hon hop chta kim loai nang nguy hiém lam nguyén li¢u ban dau. Noi chung, kim
loai nang cang lién két manh trong hon hop chaa kim loai ndng nguy hiém, thi do pKa
cang phai thap va/hodc nong d6 mol cua dung dich axit cang phai cao va/hodc nhiét do
cang phai cao va/hodc ty 1€ gitra khéi lwong ctia hdn hop chira kim loai ndng nguy hiém
va khéi luong cua dung dich axit cang phai cao va/hodc thoi gian phan Ung cang phai dai

hon.

ba phat hién ra rang khong nhat thiét tat ca cac kim loai nang c6 mat trong
nguyén liéu nguy hiém ban dau phai dugc ngam chiét vao dung dich axit. Nhu néu trén,
t6t hon néu tr 70% dén 80% khéi lugng cua téng lvgng kim loai nang, nhu cadimi, va
ddng, ma co mit trong hdn hop rin chira kim loai ndng nguy hiém co thé duoc ngdm
chiét vao hdn hop axit 1ong. Céc kim loai nang khong dugc ngam chiét s& ndm lai O thé
ran, thong thuong dudi dang cac hat nho, va do do, sé dugc tach ra trong budc tiép sau,
cung vai kim loai nang két tia. Nguyén liéu ran con sot lai nay dudi day duoc goi la cén
bun. Do d6, lugng kim loai nang khong dugc ngadm chiét trong bude tron va hoa tan co
thé 1a mot phan cua hdn hop ran chira kim loai ning khong nguy hiém cudi cung. Tuy
nhién, trong pham vi nong do cac kim loai nang khong dugc ngdm chiét trong qua trinh
tiép xtic ban diu véi axit trong budc tron va hoa tan nay, phﬁn cin bun con sot lai duge
coi la khong nguy hiém va khong anh huéng toi ban chit ctia hdn hop chta kim loai

nang khong nguy hiém.

Theo phwong 4n thuc hién khac cua phuong phap theo sang ché nay, it nhit mot
phén cua can bun con sot lai cod thé duoc loai bd trong budc tién xi 1y trude khi bd sung
chét két tua. Tac dung cua budc tién xu 1y nay c6 thé 1a cai thién hiéu qua phan ung cua
chét két tua kim loai nang. Viéc phan tach can bun c6 thé dugc thuc hién bang cong nghé

tiéu chuén bt ky dé phan tach nhu, nhung khong bi giéi han ¢, loc, su ly tam, tuyén ndi
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hoéc léng gan. Cu thé, viéc phan tach nay c6 thé dwgc thuc hién béng cach ly tam dé

phén tach mot cach hiéu qua nhét phén chét rén ra khoi cin bun.

Trong budc thu hai b) cua phuong phap theo sang ché nay, tirc bude két tia, cac
kim loai nang duoc két tua tir hon hop axit kim loai nang nguy hiém bang cach cho hon
hop axit kim loai nang nguy hiém nay phan ung véi chét két taa kim loai nang & do pH
bang it nhét 0,9 (duoc do sau khi pha lodng bang 13 lan thé tich nudc). Cu thé hon, trude
tién d6 pH ciia hdn hop axit kim loai ndng nguy hiém duoc do. Muc dich cua bude nay la
dé kiém tra xem liéu gid tri d6 pH nay c6 du cao hay khéng dé phan tng két tua kim loai
nang c6 thé xay ra trong buéc két taa. Pa phat hién ra rang dé thu héi duge it nhat 80%
cac kim loai ning trong hdn hgp chia kim loai nang nguy hiém vao hon hop chira kim
loai nang khong nguy hiém s& dugc phan tach trong budce phén tach, can dat duoc do pH
bang it nhét 0,9 (duoc do sau khi pha lodng bang 13 lan thé tich nudc) trong bude két
tua. Do d6, trong budce do do pH, can do xem liéu d6 pH nay co thap hon 0,9 hay khong.
Diéu nay s& phu thudc vao do pKa va 11611g d6 mol cua dung dich axit dugc st dung

trong budc tron va hoa tan a).

Néu d6 pH duoc do trong bude do do pH thdp hon 0,9 (dugc do sau khi pha loang
bing 13 lin thé tich nuéc), thi do pH nay c6 thé duoc diéu chinh trong budc két tia. Do
pH co thé duoc diéu chinh truéc hodc sau khi phan Gng voi chat két tua kim loai ning.
Moi chét thich hop dé 1am ting do pH hoac, ndi cach khac, moi chit bazo hoa hoc thong
thuong nhu, nhung khong giéi han ¢, natri hydroxit, kali hydroxit hoac amoni hydroxit
¢6 thé duge st dung dé lam ting do pH. Tuy nhién, theo mot phuwong én, viée tang do pH
duogc thuc hién bang cach st dung khi amoniac. Bing cach st dung khi amoniac, ¢6 the
giam thiéu duoc luong chét long, cu thé 1a nuédc, can dua vao hé théng. Ngoai ra, do
amoniac dugc dung phé bién trong cac quy trinh séan xuat khac nhau, dc biét 1a dé san
xuét phan boén, nén mét luong di amoniac co thé dé dang duoc trich ra cho muc dich nay
va s& khong gay ra bét ky vén d& hodc lo ngai gi néu dugc tai tuan hoan trd lai quy trinh
san xuit phan bén. Hon nita, nhu néu trén, phuong phép theo sing ché nay co thé 1a dic
biét thich hop dé duoc ap dung cho hdn hop ran chira kim loai nang thu duoc tir qué trinh
chiét kim loai nang tir nudc cai phan bon. Do do, co 1oi néu hdn hop long hau nhu khong

chira kim loai nang thu dugc trong bude phéan tach c6 thé chua amoniac ma sau do dugc
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tai tudn hoan dén quy trinh san xuat phén bon ma tir 46 cac hon hop chira kim loai nang

nguy hiém dugc tao ra.

Khi nguyén li€u nguy hiém ban dau dugc lay tur, vi dy, quy trinh san xuét phan
bon noi san pham mong mudn cubi co chira phospho, thi mdt muc tiéu co thé 1a két tha
céc kim loai nang nhung git lai phospho trong dich ndi & trén. Phospho trong dich ndi &
trén sau do c6 thé duoc tai tudn hoan dé sir dung tiép. Trong budc két tha, trong do do
pH dugc didu chinh néu can, thi do pH can cao hon 0,9 va dugc do sau khi pha lodng
béng 13 14n thé tich nude, dé cho phép két tha co hidu qua cac kim loai nang, nhu dé néu
trén. Dé so sanh, viéc két tua phospho dugc cho 1 quan trong hon ¢ cac gia tri pH cao
hon 1,6. Vi du, theo mot sb phuong an, hdn hop axit kim loai nang nguy hiém thu duoc
trong budc tron va hoa tan co thé chira tr 1% dén 10% khdi luong phospho. Trong cac
phuong an nhu vay, do pH 6 budc két tha c6 thé duoc diéu chinh, néu can, t6i cac gia tri
nam trong khoang tir 0,9 dén 1,6 (duoc do sau khi pha loang bing 13 lan thé tich nudc),
tir 1,2 dén 1,6 (duoc do sau khi pha lodng bang 13 14n thé tich nudc) hodc tir 1,4 dén 1,6
(duoc do sau khi pha loang bang 13 lan thé tich nudc). Bing cach st dung d6 pH trong
pham vi nay, co6 thé dat duoc ty 1& tuong dbi cao gitra két tia kim loai ndng va két tha
phosphat. Diéu ndy c6 nghia la co thé t6i da hoa luong két tha kim loai ndng dé thu duoc
hén hop long hau nhu khong chtra kim loai nang va, ddng thoi, 1am giam dén mirc toi
thiéu luong két tia phospho. Véi viéc giam luong két tua phospho, thi cling giam duoc
kich c¢& cua khéi hdn hop ran chta kim loai ning khong nguy hiém can loai bo sau do.
Hon ntra, nhu da néu trén, viéc thu hoi phospho tir hon hop nudce khong chira kim loai
nang c6 thé la ddc biét quan trong dé cho phép tai tudn hoan phospho c6 gia tri téi quy
trinh san xuét phan bén. Do d6, theo mot s6 phuong 4n nhét dinh, phuong phap theo
sang ché nay con bao gbém bude thu hdi phospho tir hon hop nude khong chira kim loai

nang.

Phan Ung voi chit két taa kim loai ning dugc thuc hién trong bude két tua. Theo
mot phuong an cua phuong phdp theo sang ché nay, R trong Cong thic 1 duge chon tu
nhém chi bao gdbm xyclohexyl, isopropyl, isobutyl, n-propyl, octyl, hexyl, phenyletyl va
2,4, 4-trimetylpentyl. Tét hon néu R duoc chon tir xyclohexyl, octyl, hexyl va phenyletyl.

Hai nhém R trong Cong thirc 1 ¢6 thé 1a giéng nhau hodc khac nhau.
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Theo mot phuong an cua phuong phap nay, chét két tua kim loai nang duoc chon
tr  dixyclohexyl, dixyclopentyl, di(o-tolyl)phosphin, diphenyl, tert-butylphenyl-

dithiophosphinat va cdc mudi natri va amoni ctia ching.

Theo mot phuong 4n cia phuong phip nay, chit két tha kim loai nang la natri

diisobutyldithiophosphinat.

N6i chung, chat két tia kim loai nang cd thé dwoc diéu ché theo phuong phap
duoc mb ta trong US 4308214 va cac vi du twong tmg bang cach gia nhiét 67,2 phan khéi
luong luu huynh voi tir 114,8 dén 284,8 phan khéi luong nudce toi nhiét do bang khoang
70°C. Sau dé thém vao hdn nay tir 29,5 dén 64,5 phan khdi luong di-phosphin c6 ban
trén thi truong. Sau khi thém di-phosphin, bd sung tu 67,5 dén 1935 phﬁn khdi luong
dietyl phosphin voi tdc d6 sao cho trong khoang thoi gian can thiét dé thém vao tat ca
dietylphosphin, 80,0 phan khéi lwong dung dich natri hydroxit 50% cling duoc thém vao

véi tbe d6 khong doi dé trung hoa axit dithiophosphinic tuong tng tao thanh.

Luong chat két tua kim loai ning va hiéu qua cua phan Gng két tia kim loai néng
s& phu thudc vao luong kim loai ndng c6 mdt trong hdn hop axit 16ng thu duoc tir bude
tron va hoa tan. Noi chung, néng do céac kim loai ndng cang cao, thi téng lugng chat két
tua kim loal nang s¢ cang lén. Nguoi co hiéu biét trung binh trong linh vuc ky thudt nay
s& ¢6 thé dé dang xac dinh va thiét lap duoc lugng chit két tha kim loai nang t61 uu béng
cach sur dung cac thur nghiém théng thuong. Cu thé, trong budc két ta, tir 0,01 dén 50kg,
tr 0,1kg dén 10kg hodc tur 0,15kg dén 1,5kg chit két tua kim loai nang dugc cho phan

g véi mdi tan hdn hop axit thu dugc trong budce tron va hoa tan.

Phan Gng voi chét két tia kim loai ning ¢o thé duoc thuc hién trong khoang thoi
gian tir 3 phut dén 1,5 gio, t 5 phut dén 1 gid, hode tir 10 dén 30 phit, va & nhiét do nim
trong khoang tir 5°C dén 80°C, tir 10°C dén 50°C hode tir 20°C dén 40°C. Do két tha
kim loai nang nay co thé kém bén ¢ nhiét dd 16n hon 40°C, ¢d thé mong mudn tién hanh
phan tng it hon 10 phat & cac nhiét do cao hon. Ngusi ¢6 hiéu biét trung binh trong Iinh
vuc ky thudt nay sé co thé d& dang diéu chinh cac diéu kién phan tmg phu hop véi chat
két tha kim loai ning dé dat duoc du mirc két tha cac kim loai ning sao cho tao ra duoc

hdn hop 16ng hau nhu khéng chira cac kim loai nang trong budce phan tach.

Budc phén tach, tic budce ¢), co thé duoc thuc hién béng cong nghé tiéu chuén bét

ky dé phan tach nhu, nhung khong bi giéi han ¢, loc, ly tam, tuyén ndi hodc ling gan. Vi
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duy, cb thé thuc hién budce tao keo tu trudc budce két tha. Budc tao keo tu co thé duogc tién
hanh tuong tu trude budc phan tach it nhat mot phﬁn can bun tu mot phz‘in hon hop axit

kim loai ndng nguy hiém. Diéu nay cho phép phén tach cac chét ran mot cach hiéu qua.

Theo mét sb phuong &n, budce tao keo tu cling ¢o thé duoc thyc hién ddng thoi,
hodc sau khi, bd sung chét két tia trong budc két tha. Viéc tao ra cac chit keo tu nhu vay
c6 thé tro giup cho viéc phén tach hdn hop ran tro chira kim loai nang ra khoi hén hop

long hau nhu khong chtra kim loai nang.

Viéc tao keo tu co thé duoc thuc hién trudc, trong hodc sau bude két tia hodc két
hop cac trudng hop nay hodc, theo mot ) phuong an, khong thuc hién viéc tao keo tu.

Theo mdt phuong an thuc hién, budc tao keo tu duoc thuc hién sau budc két tua.

Néu viéc tao keo tu duge tién hanh & nhiéu hon mot buéde, thi chét tao keo tu c6
thé 14 giéng nhau hodc khac nhau. Chét tao keo tu co thé dugc dung la, vi du, polyme
dang cation v6i ty 1é mang dién tich ndm trong khoang tir 20% dén 60%, hodc tir 25%
dén 50% hodc tu 35% dén 45%. Nhu duogc x4c dinh trong ban moé ta nay, chit keo tu
polyme dang cation la polyme trong do tir 20% dén 60%, tot hon néu tir 25% dén 50%,
t6t hon nita néu tir 20% dén 50% cac géc tao thanh chét keo tu polyme dang cation la cac
gbc 6 dién tich cation, chét keo tu polyme dang anion la polyme trong dé tu 1% dén
10% cac gdc tao thanh cht keo tu polyme dang anion la cac gbc c6 dién tich anion, hodc
hon hop cua ching. Vi du vé polyme dang cation bao gbém, nhung khéng chi giéi han &,
polyacrylamit bot mach thang 40% cation (tire la polyacrylamit c6 40% cac gbe cua no
mang dién tich duong) v6i phéan tu luong nam trong khoang tur 7,1 dén 9,5x10° Dalton.

Cu thé, polyme ctia acrylamit va monome clo-metyl hoa co thé duogc st dung.

Céac tac gia sang ché da bat ngd phat hién thdy rang phuong phap theo sang ché
nay da dua ra duoc giai phap dé chuyén hoa cac hdn hop ran chua kim loai ndng nguy
hiém, nhu hdn hop ran chira cadimi nguy hiém, thanh hdn hop ran chira kim loai nang
khong nguy hiém ma co thé duge thai bé mot cach an toan. Ngoai ra, ham lugng kim loai
nang trong hdn hop rin chia kim loai ning tro cao hon ham luong kim loai néng trong
hdn hop ran chtia kim loai nang nguy hiém va khéi luong cling nhu thé tich cta hon hop
rin chira kim loai nang tro, do do, nho hon khéi lwong va thé tich twong g cua hon hop
ran chtra kim loai ning nguy hiém. Noi cach khéac, phuong phap theo sang ché nay cho

phép lam giam dugc luong hén hop rin chira kim loai nang nguy hiém.
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Tiép theo, con phat hién thiy rang c6 thé thu duoc két tia ma khong cén bd sung
chét két tia trong budc két tiia, ma chi can ting do pH va ¢ d6 pH bang khoang 2, co thé
két tia duoc 40% kim loai nang trong dung dich axit. Tuy nhién, hdn hop két tia thu

duoc nay van con nguy hiém.

Ngoai ra, sang ché cling mé ta viéc su dung chat két tua kim loai nang c6 cong
thirc 1 néu trén dé chuyén hoa cac hdn hop ran chtra kim loai nang nguy hiém thanh hon
hop ran chtra kim loai nang khong nguy hiém va hdn hop long hau nhu khong chira kim

loai ndng.

Theo mot khia canh, sang ché d& xuit phuong phap chuyén hoéa hon hop ran chira
kim loai nang nguy hiém thanh hdn hop ran tro chtra kim loai nang va hon hop long hau
nhu khéng chtra kim loai nang. Nhim muc dich cua sang ché nay, hon hop chira cadimi
nguy hiém dugc xac dinh la hon hop ngdm chiét nhiéu hon 2ppm cadimi vao dung dich
nuée, khi xu 1y hdn hop nay theo phuong phap gian lugc cua Ticu chuén chau Au NS-
EN 12457-2, bang cach st dung 10 1 nudc trén 1 kg hon hop (“Tiéu chuén EU cai bién”
cho vat liéu c6 ¢& hat nhé hon 4 mm — nhu s€ dugc md ta dudi day). Do do, theo mot
khia canh khéc, sang ché dé xudt phuong phap danh gia kha nang ngdm chiét cua hon
hop thur nghi¢m theo tiéu chuan EU cai bién nhu duoc md ta sau ddy. Phuong phap nay

bao gom cac budc sau:

- chuén bi hén hop thi nghiém ran kho: tét hon la voi khdi luong nam trong

khoang tur 2 dén 40 g;

- diéu ché hon hop thtr nghiém long bing cach bd sung dung moi, tot hon la
nude, vao hon hop thir nghiém rén kho, nho do thiét lap duoc ty 18 chét long/ran
bing 10 = 0,2 l/kg;

- khudy trén hon hop thir nghiém long nay trong khoang thoi gian tor 23,5 gi6 dén
24,5 gio trén thiét bi l4c; tot hon néu viéc khuéy tron nay duoc thuc hién voi tde
dd khoang 90 vong/phut;

- sau khi khudy tron, cho phép phén chét ran lo limg ling xudng, t6t hon 1a trong

tir 15 dén 20 phut;
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- thuc hién budce loc thu nhit phéan tach hon hop thr nghiém long véi phan chét
ran lo lung; t5t hon néu budc loc thu nhét nay dugc thuc hién béng cach su

dung thiét bi loc c6 ¢& 16 bang 15-18 pm;

- thuc hién budc loc thu hai dé loc bun loc thu duogc sau budc loc thur nhat, béng

cach su dung thiét bi loc co ¢ 16 khoang 0.8 wm;

- tuy ¥y, thyc hién budc loc thir ba dé loc bun loc thu dugc sau bude loc thir hai,

bang cach su dung thiét bi loc c6 ¢& 16 khoang 0,45 pm; va

- do do din dién (us/cm), nhiét do T (°C), do pH, tong lugng cht ran hoa tan
(total dissolved solids, TDS) (g/l) va/hodc lugng cua mét hoac nhidu chét rin
duoc chon tr As, Ba, Cd, Cr, Cu, Hg, Mo, Ni, Pb, Sb. Se, Zn, clorua, florua,
sulphat, cacbon hitu co hoa tan (dissolved organic carbon, DOC) trong bun loc

thu duoc sau budce loc thir hai hodc budce loc thir ba;

trong do tat ca budce nay duogc tién hanh & nhiét d6 ndm trong khoang tr 15°C dén

25°C.

Vi du thyc hién sang ché

Tét ca cac gi tri lién quan dén kim loai ning trong phan Vi du thuc hién nay do
dugc bang may quang phé phat xa plasma két hop cam ung (Inductively Coupled Plasma
Optical Emission Spectroscopy, ICP-OES) (Thermo Scientific, iCAP 7400 Duo, budc
song: Cd: 226,502 nm; Cu: 204,379 nm; Zn: 206,200 nm, tAt ca & ché do truc).

Hon hop chita kim loai nang nguy hiém

Hodn hop chia kim loai nang dugc phan tich. N6 bao gom 7,2% khéi luong
phospho theo két qua phan tich bang quang pho huynh quang tia X (X-Ray Fluorescence,
XRF), 6,03% khdi lwong phosphat theo két qua phan tich bang phuong phép phén tich
khéi lwgng (gravimetry), 310ppm khéi lwong cadimi va 17ppm cadimi ngam chiét, va
75ppm d6ng bang phuong phép theo Tiéu chuin EU cai bién, va do d6 dugc phén loai la
nguy hiém. Hon hop chira kim loai ndng nay (cadimi) duoc got la hon hop chtra kim loai

nang (cadimi) nguy hiém trong phan Vi du thuc hién dudi day.
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Vidu 1:
1. Ngam chiét hdn hop chira kim loai nang nguy hiém.
a. Ngam chiét hon hop kim loai nang nguy hiém bing axit nitric:

Cac hdn hop chtra kim loai nang nguy hiém moi dugc tao ra dugc ngdm chiét truc
tiép bang axit dé phan giai hon hop chira kim loai ndng nay. Hon hop chira kim loai néng
nay duge xu Iy bang axit nitric 4,5M, & ty trong bun 133%, c6 nghia la 133g hén hop ran
trong mdi 100g axit, va duoc khudy trong 5 gid bang thanh khudy tr & nhiét dd moi

truong.

Sau khi ngdm chiét, thuc hién budc ly tim dé phan tach mot phén can bun ra khoi
hdn hop axit. Hon hop dugc tach khoi mot phan cin bun nay chua 88% cadimi, 88%

dong, 88% kém tur hon hop chtra cadimi nguy hiém.
b. Ngam chiét hdn hop chira nguy hiém kim loai nang bang axit clohydric:

Cac hdn hop chira kim loai nang nguy hiém méi duoc tao ra duge xu ly b?mg axit
clohydric 2M, & 75% ty trong bun, c6 nghia la 75g hén hop ran trong mdi 100g axit, va
dugc khudy trong 1 gio bang thanh khudy tir & 35°C. Sau khi ngdm chiét, thuc hién viéc
loc dé phan tach chét rén va chat 1ong. Hon hop da dugc tach cac chét rin nay chta 69%

Cd, 2,5% Cu, 71% Zn, 68% Ni, 65% Pb va 22% Mn tu hon hop chira cadimi nguy hiém.

2a. Két tua hon hop chta kim loai nang khéng nguy hiém o do pH 1,3 (duoc do sau khi

pha loang bang 13 1an thé tich nudc):

Gia tri do pH cua hon hop da duoc tach tir mot ph?m ¢an bun duoc do va duge xac
dinh bang 1,3 khi sir dung khi amoniac. B pH nay la gia tri duoc do tr mAu duoc diéu
ché bang cach lién tiép ldy mau hon hop can xac dinh dd pH, can hon hop duoc lay mau,
bd sung vao hon hgp nay 13 gam nude cho mdi gam hon hop duge ldy mau, va tron nude
nay véi hdn hop dugc ldy miu dé thu duge miu dong nhét. Dung dich 3,6% khdi lvong
natri diisobutyldithiophosphinat trong nuéc duoc bd sung vao hon hop nay vai gia tri do
pH bang 1,3 (dugc do sau khi pha loang bang 13 lan thé tich nudc), véi ty 1€ 0,081g
dung dich natri diisobutyldithiophosphinat trén mdi g hon hop. Dung dich thu dugc sau
do duoc khuéy trong 3 phut ¢ 30°C. Két tua duoc tao thanh. Budce tao keo tu sau d6 duoc

tién hanh dé tao diéu kién thuan loi cho viéc phan tach phﬁn két tha. Dung dich 0,1% cta
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polyacrylamit bot mach thang 40% cation (trc 1a polyacrylamit ¢6 40% cac gbe clia nd
mang dién tich duong) voéi phan tr lwong nim trong khoang tir 7,1 dén 9,5x10° Dalton
véi vai tro chat keo tu dugc dua vao bé phan ing & téc do khudy tron 600 vong/phut vaéi
ty 18 0,003mL polyme/g nudc cai. Téc do khudy tron sau d6 dugc giam xubng 150
vong/phut dé tao ra chit keo tu. Chat keo tu thu duoc duge tach béng cach loc chan
khong st dung thiét bi loc Whatman 520A (c& 16: 15-18um, do day dién hinh 300 pm,
khéi luong co ban 90g/m”).

Vidu So sanh

Hon hop chia kim loai nang nguy hiém duoc ngam chiét theo cach da trinh bay
trong phén la néu trén va hdn hop thu duge sau d6 duoc xur 1y theo phuong phap da
duogc md ta trong US4762693: budc két tua duogc thuc hién ¢ do pH 8,5 khong co6 natri

diisobutyldithiophosphinat.

Dé so sanh, budc két tha 2 néu trén cling dugc tién hanh bang cach diéu chinh do

pH dén 2,0 va khong thuc hién phan ung véi natri diisobutyldithiophosphinat.

Vidusosanh 1
2b. Két tiia & d6 pH 2,0 khong c6 phan ung voi natri diisobutyl dithiophosphinat:

Giéa tri d6 pH cua hon hop da duge tach mot phﬁn cin bun dugc tang 1én dén 2.0.
Gia tri d6 pH nay dugc do trén mau duoc diéu ché bang cach lién tiép lay mau hon hop
cin xéc dinh do pH, can hon hop dugce ldy mau, b6 sung vao hon hop nay 13 gam nude
cho mdi gam hdon hop duoc ldy méu, va tron nudc nay voi hdn hop duogc ldy mau dé thu
dwoc méu dong nhat. D6 pH duoc didu chinh bang cach st dung dung dich 50% natri
hydroxit trong nu¢c. Do d6 pH dugc tang Ién, su két tha xay ra & nhiét dd vira phai
(40,5°C). Két tha duogc tao thanh. Phan két tha duoc tach ra béng cach loc chan khong su
dung thiét bi loc Whatman 520A (c& 16: 15-18um, do day dién hinh 300 pum, khéi luong
co ban 9Og/m2). Két tia thu duge duoc 1am khd & nhiét d6 trong phong trude khi xac

dinh dac tinh.

Chi ¢6 10% cadimi, 14% niken va 6% k&m c6 mat lac dau trong hon hop nay

duoc két tua.
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Vidu so sanh 2
2¢. Két ta & do pH 8,5 khong c6 phan ng voi natri diisobutyl dithiophosphinat:

Gia tri 46 pH cua hdn hop da duoc tach mot phf?m can bun dugc ting lén dén 8,5.
Gia tri do pH nay duoc do trén mau duoc diu ché bing cach lién tiép ldy mau hon hop
can xac dinh dé pH, can hon hop duge léy mau, b6 sung vao hon hop nay 13 gam nudc
cho m&i gam hon hop duge ldy mau, va tron nudc nay véi hon hop duge ldy mau dé thu
dugc mau déng nhét. Do pH dugc diéu chinh bé‘mg cach st dung dung dich 50% natri
hydroxit trong nugc. Do d6 pH dugc tang 1én, su két tia xay ra o nhiét do vira phai
(67°C). Két tha duoc tao thanh. Phan két tia duoc tach ra bang cach loc chan khong su
dung thiét bi loc Whatman 520A (cd 16: 15-18um, do day dién hinh 300 pm, khéi luong
co ban 9Og/m2). Két tia thu duoc duoc lam kho & nhiét d§ trong phong trude khi xac

dinh dac tinh.

Phan tich

Thuc hién thtr nghiém xé4c dinh do 6n dinh dbi voi hon hop rin chira kim loai
ning kho, trudc va sau khi xur ly bang phuong phép theo sang ché nay. Cach thuc thu
nghiém dya trén phuong phap cia Na Uy va Tiéu chuin chdu Au “Leaching:
Compliance test for leaching of granular solid composition materials and sludges Part 2:
One stage batch test at a liquid to solid ratio of 10l/kg for materials with particle size

below 4 mm (without or with size reduction).” [Norsk Standard NS-EN 12457-2, 2003].
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Bang 1: Két qua ngam chiét Cadimi — Vi du 1 va Vi du so sanh

Nong do kim . % kim loai L % hon
. Nong d6 kim Hé s6 nong do
loai ndng nang dugc hop
loai nang dugc . cua cac kim
dugc ngdm , thu hoi sau phosphat
Vidu , N ngam chiét tr loai nang so
chiét tir hon N budc 2 so ) thu dugc
hon hop budce 2, ) v§i chat thai
hop nguy v6i chat thai B sau budc
\ ppm , nguy hiém
hiém, ppm nguy hiém 2
Cd!Cu ! Zn| Cd| Cu| Zn |[Cd|Cu|Zn|Cd| Cu | Zn
1 0,03] 0,6 | 12 | 76 | 75|47 |96 | 100 | 63,5 0,6
Vidu so
2,97 1,1 |372]10 14| 6 |05] 02| 1,11
sanh 1 17 |75 | 22
Vidu so
0,0110,65| 1 74155167 11,21 1,21 1,2 14,6
sanh 2

Tu bang 1, co thé két luan rang chi phuong phap theo sang ché nay, bang cach st
dung phosphinat va két tia & do pH 1,3 (duoc do sau khi pha loang bang 13 lan thé tich
nudc), mo1 mang lai tAt ca cac loi ich cua viéc thu hdi cadimi véi hiéu sudt cao, lam giam
luong hon hop, nhu duge phan anh boi nong do cadimi trong hon hop dugce xu ly bing
phuong phép theo sang ché nay, viéc thu ho6i phosphat véi hiéu suit cao nhu dugc phan

4anh boi ndng do thip cta phosphat trong hén hop duoc xur ly bang phuong phap theo

sang ché nay, va phan loai khong nguy hiém cua hdn hop nay.

Tiéu chuin EU cai bién trén co sé phwong phap theo tiéu chuin EU NS-EN 12457-2

Trong Tiéu chudn EU cai bién, lugng hon hop can duoc phan tich nam trong

khoang tir 2g dén 40 g. Ngoai ra, trong NS-EN 12457-2 méay nhao 10n voi téc do 5-10

vong/phut dugc khuyén dung thay thé cho thiét bi lac dugc thé hién trén Fig. 1.

1. Trang bi/Thiét bi

e Thiét bi nghién (méay nghién)
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e Sang vai kich thuoe mat sang danh dinh 4mm

e Chai thuy tinh hodc polyetylen ty trong cao voi nap lam tr vat lidu tro (vi du

PTFE)
e Thiét bi lic theo Fig.1;
e Thiét bi loc hodc thiét bi loc chan khong hoéc thiét bi loc ap suét cao
e Xac mang loc 0,45 pm dé loc

Néu khong co thiét bi loc, ¢ thé st dung bom tiém va mang loc bom tiém; su
dung loai 0,8 um va sau khi loc lan thir nhat st dung loai 0,45 pm (mang loc ky nudc

lam tr PTTE)

o Thiét bi dé do do dan dién cua bun loc

o Thiét bi dé do TDS cua bun loc

e Dung cu do d6 pH dé do pH ctia bun loc
e Nhiét ké dé do T ctia bun loc

e Can

2. Céc chat phan tmg

e Hon hop rdn chira nguy hiém kim loai niang kho trudc va sau khi xu ly bang
phuong phéap theo sang ché nay: ban dau 10 Vkg, néu lwong hdén hop Cd ran kho
nho hon thi st dung ty 1€ nhu nhau, vi du 0,11/10g (100ml/10g)

e Nudc cat, nudc da khir khoang, nude da khi ion c6 dd tinh khiét twong duong (5
< pH< 7,5) voi do din dién < 0,5 mS/m. Trudce khi thuc hién thir nghiém xac dinh
d6 n dinh, nén rira tit ca céc chai, lo thuy tinh dé tranh nhiém ban. Dac biét dbi
v6i viée do d6 dan dién, do phuong phap phén tich nay rat nhay cam.

3. Céc diéu kién thu nghiém

e Thir nghiém can duogc tién hanh ¢ nhiét do phong (20 +/-5) °C

e Phan tich ham luong nuéc cuia hdn hop Cd kho
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Pua phin thi nghiém cta hon hop r4n kho vao chai dé thir nghiém, b sung luong
dich ngam chiét (nudce) dé thiét 1ap ty 1é long/ran L/S = 10/kg +/- 2% hodc tuong
duong — vi du 100ml/10g

bat chai da dong nép vao thiét bi khuéy tron, dat chai o vi tri nam ngang, su dung

tbe d6 90 vong/pht

Khudy tron trén thiét bi lic trong 24 +/- 0,5 gio, va sau 24h thi dé cho phan chét

rén lo ling lan xubng trong 15-20 phat.
Nén chay mau tréng dé kiém chtng phuong phap ngdm chiét va phan tich
Budc phan tach 16ng-ran

Trong budc loc thu nhit, dung dich véi phﬁn chét ran lo ling duoc loc qua phéu
gbém bang cach str dung thiét bi loc Whatman 520A (c& 16: 15-18um, do day dién
hinh 300 pum, khdi luong co ban 90g/m2)

Tién hanh loc lai bun loc béng cach str dung mang loc bom tiém loai 0,8 pm. Néu
c6 thé thi tién hanh loc bun loc nay mot 1in nita bang cach st dung mang loc loai

0,45 um (mang loc ky nudc lam tr PTTE)

Do thé tich ciia bin loc thu dwoc va do luong chét rén

Do d6 dan dién tuc thoi (us/cm), T (°C), pH va TDS (g/1) cta bun loc
Phan tich

Chia bun loc thanh s6 luong mau thich hop cho cac phén tich hoa hoc khac nhau,

ma can duoc duoc tién hanh dé thiet 1ap cac gia tri giéi han ngam chiét theo tai liéu

“Toxicity of recycled Concrete Aggregates: review on leaching tests.”, The Open

Construction and Building Technology Journal 2018, 12, 187-196, va Bang 2:

As, Ba, Cd, Cr, Cu, Hg, Mo, Ni, Pb, Sb, Se, Zn (phan tich béng ICP-OES)
Clorua, florua, sulphat (phan tich béang sic ky ion)
Cacbon hitu co hoa tan (phan tich bang LECO)

Tong luong chét rdn hoa tan (phén tich dd dan dién bing cach su dung dién cuc

Mettler Toledo Inlab 742 ISM)
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6. Cac gia tri gid1 han ngam chiét cua hdn hop rin co thé chip nhan duoc dé chon

lap chat thai — dinh tinh

Céc tai liéu ky thudt nay chi ra rang muc giai phong cac chat nguy hiém can dugc
duoc danh gia bang thir nghiém ngam chiét theo Tiéu chuin chau Au EN 12457 — 4
“Characterization of solid composition-leaching-compliance test for leaching of granular
solid composition materials and sludges - part 4: One stage batch test at a liquid to solid

ratio of 101/kg with particle size below 10mm, 2002.”

Bang 2: Céc gia tri gi6i han ngdm chiét (mg/kg khéi luong kho) cua hdn hop ran co thé
chap nhan duoc dé chon lap chat thai d6i véi cac hdn hop ran tro, khong nguy hiém va

nguy hiém (quyét dinh cia hoi déng 2003/33/EC)[2].

| Céc gia tri gioi han 16n nhit (mg/kg khéi lugng khd) theo Phén loai
Céac thong so

hoa hoc Hin hp rin tro Hon hop r§n7 khong Hon hc_rp7rén nguy
nguy hiem hiém
L/S= L/kg= L/S= L/kg= L/S= L/kg=
2l/kg 10Vkg 2l/kg 10V/kg 2l/kg 10l/kg
As 0,1 0,5 0,4 5 6 25
Ba 7 20 30 100 100 300
Cd 0,03 0,04 0,6 2 3 5
Cr 0,2 0,5 4 20 25 70
Cu 0,9 2 25 50 50 100
Hg 0,003 0,01 0,05 0,5 0,5 2
Mo 0,3 0,5 5 10 20 30
Ni 0,2 0,4 5 10 20 40
Pb 0,2 0,5 5 10 25 50
Sb 0,02 0,06 0,2 0,7 2 5
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| Cacgia tri gi6i han 16n nhit (mg/kg khéi luong kho) theo Phén loai
Céac thong so

Hon hop rin khong Hdn hop ran nguy

hoa hoc Hdn hop rén tro ) )
nguy hiém hiém
L/S= L/kg = L/S= L/kg= L/S= L/kg=
2l/kg 10V/kg 2l/kg 10l/kg 2l/kg 10Vkg
Se 0,06 0,1 0,3 0,5 4 7
Zn 2 4 25 50 90 200
Clorua 550 800 10000 50000 17000 25000
Florua 4 10 60 250 200 500
Sulphat 560 1000 10000 20000 25000 50000
DOC 240 500 380 1000 480 1000
TDS 2500 4000 40000 60000 70000 100000

7. Chén lap chat thai ddi voi hdn hop ran khong nguy hiém & Na Uy

Quyét dinh ctia hoi ddng s 2003/33/EC khong dat ra bat ky tiéu chuan chung nao
dé chép nhan hdn hop rén cho viéc chén lap chét thai dbi voi hdn hop ran khong nguy
hiém. Tuy nhién, quyét dinh nay da xac dinh va dat ra WAC (tiéu chuén chip nhan hdn
hop rén) d6i voi mot hang muc cu thé ciia bai chon 1ip hdn hop ran khong nguy hiém,
tirc 1a bai hoac khoang chon 14p hdn hop ran khong nguy hiém ma tiép nhan hdn hop ran
6n dinh, khong c6 hoat tinh nguy hiém. Quyét dinh nay ciing chi ra rang cac nguyén liu
gbc thach cao chi c6 thé dugc dua vao bai chon lap hdn hop ran khong nguy hiém trong

céc khoang khong chira hdn hop ran dé bi vi sinh vat pha huy.
Na Uy da xac dinh hai hang muc cua bai chon 1ap hén hop rén khong nguy hiém:
o Bai chdn lap théng thuong dé tiép nhan hon hop ran khong nguy hiém,

e Bai chén lap hdn hop rin khong nguy hiém dé tiép nhan hén hop rdn on dinh,

khong co hoat tinh nguy hiém.
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Na Uy ap dung EU WAC dbi v6i hdn hop ran nguy hidm duoc chidp nhan & cac
bai chon lip hdn hop ran khong nguy hiém tiép nhan hdn hop ran 6n dinh, khong c6 hoat
tinh nguy hiém. Tir 1 thang 7 ndm 2009, gi6i han 10% TOC hodc 20% ton hao khi a6t s&
duoc ap dat d6i véi hdn hop rén khong nguy hiém duogc chép nhan & cac bdi chon lap
hdn hop rén khong nguy hiém. B4i v&i ca ba hang chon 14p chét thai, hon hop rdn can
phai dugc thir nghiém ¢ ca hai ty 1¢ L/S = 0,1 Vkg va L/S = 10 l/kg trong cac thir nghiém

quan trong.
8. Bai chon lap hon hop rén nguy hiém ¢ Na Uy

Na Uy ap dung EU WAC dbi v6i hon hop ran nguy hiém dang hat can duoc chon

1ap & cac bai chon lap hon hop rdn nguy hiém.
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YEU CAU BAO HQ

Phuong phap chuyén héa hdn hop ran chtra kim loai ning nguy hiém thanh hon

hop rén chira kim loai nang khong nguy hiém va hon hop long hau nhu khong

chira kim loai nang, bao gom céac budc:

a)

b)

tron va hoa tan hdn hop ran chita kim loai nang nguy hiém bang dung dich

axit, nhor d6 thu duge hon hop axit kim loai nang nguy hiém;

Kkét tia cac kim loai ning nay tir hon hop axit kim loai ning nguy hiém
bang cach cho hdn hop axit kim loai nang nguy hiém phan tmg v&i chit két
tua kim loai nang ¢ d6 pH nam trong khoang tir 0,9 dén 1,6, duoc do sau
khi pha loang bang 13 lan thé tich nuéc; cu thé bang cach: do do pH cua
hdn hop axit sau khi pha loang 13 lan thé tich trong nudc, va diéu chinh do
pH cua hdn hop ran chta kim loai ndng nguy hiém t6i cac gia tri nam trong
khoang tir 0,9 dén 1.6 néu do pH do dugc thap hon 0,9; va cho hon hop
axit kim loai ndng nguy hiém phan tng voi chét két tua kim loai nang; va

phan tach két tha kim loai nang ra khoi phﬁn dich néi o trén, nho do thu
duoc két tua kim loai ning la hdn hop ran chira kim loai nang khong nguy

hiém va dich ndi & trén 12 hdn hop 1ong hau nhu khong chira kim loai nang;

trong do chét két tha kim loai ndng nay bao gdm axit diorgano-dithiophosphinic

hodc cac mudi kim loai kiem hodc mudi amoni ctia chiing, 6 Cong thire 1

~

R
~
P——SM
R

Cong thuc 1

va trong do R 1a gbc hydrocacbon mach thang hoic mach nhanh dugc chon tu

alkyl, aryl, alkylaryl, hoac aralkyl, va trong dé gbc hydrocacbon nay co tir 3 dén

20 nguyén tir cacbon, va M 1a H, kim loai ki€ém hoac amoniac.
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Phuong phéap theo diém 1, trong d6 hon hop rén chira kim loai nang nguy hiém

ddc trung & chd no6 chira cac kim loai nang va ngam chiét nhiéu hon 2ppm cadimi,
hodc nhiéu hon Sppm arsen, hodc nhiéu hon 50ppm ddng, hodc nhiéu hon 0,5ppm
thuy ngéan, hoac nhiéu hon 10ppm niken, hodc nhiéu hon 10ppm chi, hodc nhiéu
hon 50ppm kém, theo Tiéu chudn EU cdi bién NS-EN 12457-2 bang céch st dung

10 1 nude trén 1 kg hon hop.

Phuong phap theo diém bét ky trong s6 cac diém tir 1 dén 2, trong d6 hdn hop ran
chita kim loai ning nguy hiém 13 hdn hop rén chtra cadimi, va trong d6 hon hop
ran chua kim loai ning khong nguy hiém 1a hdn hop ran chira cadimi, va trong do

hén hop 16ng hau nhu khong chtra cadimi.

Phuong phap theo diém bét ky trong sb cac diém tir 1 dén 3, trong d6 dung dich

axit duoc st dung trong budc a) c6 do pKa thdp hon 2,3.

Phuong phap theo diém bét ky trong sé cac diém tir 1 dén 4, trong d6 hon hop ran
chtra kim loai ndng nguy hiém con chta tr 1% dén 10% khdi lugng phospho va tir

1% dén 18% khdi lwong canxi.

Phuong phép theo diém bét ky trong so cac diém tir 1 dén 5, trong do hdn hop ran
chtra kim loai nang nguy hiém la sin pham cu6i cua qua trinh ket tia cac kim loai

nang, nhu quy trinh Odda.

Phwong phép theo diém bit ky trong s cac diém tir 1 dén 6, trong d6 gia tri do pH

ctia hdn hop & budc ¢) duge dicu chinh bang cach sir dung khi amoniac.

Phuong phép theo diém bat ky trong sb cac diém tur 1 dén 7, trong d6 R trong
Cong thuc 1 dugc chon tir nhom chi bao gdm xyclohexyl, isopropyl, isobutyl,

npropyl, octyl, hexyl, phenyletyl va 2,4.4-trimetylpentyl.

Phuong phép theo diém bat ky trong sé cc diém tir 1 dén 8, trong do chat két tia

kim loai ndng la natri diisobutyldithiophosphinat.
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Phuong phap theo diém bt ky trong sb cac diém tir 1 dén 9, trong d6 hdn hop axit
kim loai ndng nguy hiém bao gom bin rin va trong do, va trong d6 phuong phap

nay bao gom viéc thyuc hién budce sau truge budc két taa b):

d) liy ra it nhat mot phan bun ran trong hdn hop axit kim loai ning nguy
hiém.

Phuong phap theo diém bét ky trong s6 cac diém tir 1 dén 10, trong d6 phuong

phéap nay con bao gom budc:

e) b6 sung chat tao keo tu, nho do tao ra chét keo tu,

trong doé chéat tao keo tu dugce bd sung sau budce tron va hoa tan a).

Phuong phép theo diém 11, trong d6 chit tao keo tu duoc bd sung trude budce két

tua b), va/hodc trong budc két tha b) va‘hodc sau bude két taa b).

Phuong phap theo diém 12, trong do chét tao keo tu duoc bd sung sau budce két

tha b).

Phuong phép theo diém bit k¥ trong sé cac diém tir 11 dén 13, trong do chat tao

keo tu la polyme dang cation.
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