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NGHIEN CUU THU HOI NIKEN SUNFAT TU DUNG DICH
THAI MA CROM-NIKEN BANG KET TUA OXALAT

STUDY ON THE RECOVERY OF NICKEL SULPHATE FROM CHROMIUM-NICKEL WASTE SOLUTION

BY OXALATE PRECIPITATION

TOMTAT

Dung dich thai tryc tiép tlr b ma crom-niken chita ham luong niken kha
cao, tl 6,79/l dén 15,69/l Niken dugc két tda duéi dang NiC,0, & diéu kién
pH = 6-7, lvong du H,C,0, 1a 100%. O diéu kién nay niken durgc thu hoi véi hiéu
sudt cao, khoang 94-96%. Do tinh khiét cla két tla thu dwoc NiC,0, khodng
96-98%. Kt tlia NiC,0, duoc chuyén hoan toan thanh niken sunfat bang axit
H,S0, va H,0,. Dung dich niken sunfat dugc dinh lwgng va dinh huéng tai st dung
trong quy trinh ma crom-niken.

Tir khéa: Thu hoi niken sunfat, dung dich thai ma, crom-niken.

ABSTRACT

Direct effluent from chromium-nickel-plate basin contains high content of
nickel, from 6.7g/l to 15.6g/1. Nickel is precipitated in the form of NiC,0, at
pH = 6-7, residual H,C,0, is 100%. Under this condition nickel is recovered with
high efficiency, about 94-96%. The purity of NiC,0, precipitate is about 96-98%.
NiC,0, precipitates are completely converted into nickel sulphate with acid H,S0,
and H,0,. The nickel sulphate solution is quantified and reused in the chromium-
nickel process.

Keywords: Recovery of nickel sulphate, electroplating wastewater solution,
chromium - nickel.
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1. GIOI THIEU

Nugc thai cdng nghiép néi chung, nuéc thadi nganh
cdbng nghé ma néi riéng thuong chira nhiéu thanh phan
doc hai, gay 6 nhiém moi trudng [1]. Nuwdc thai ma crom-
niken thwong gdbm moét s6 chat nhv niken sunfat, niken
clorua, axit boric, natri sunfat, natri clorua, magie sunfat,
magie clorua, phu gia... va mot s6 tap chat cé hai nhu sit,
dong, kém...[2]. D€ dat tiéu chuan thai ra m6i truong, nwdc
thai phai trai qua nhiéu qua trinh xt li phtrc tap va chi phi
I&n. Ham lwgng kim loai ndng trong nuéc thai thvdng duoc
xr I theo mét s6 phrong phap pho bién nhu két tda, hdp
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phu, trao déi ion... Tuy nhién, cach x i trén thuong gay
phat sinh lvgng bun thai. Lugng bun thai ton dong hang
nam I&n va ngay cang tang [3]. Bun thai dwgc x li bang
cach chon ldp tai cac khu xa noi dan cu. Tuy nhién bién
phap nay han ché khi lugng bun thai téng va cac chét doc
dan theo thoi gian sé 6 nhiém vao nguodn nuéc. X |i nwéc
thai theo huéng héa hoc xanh dang duoc cac nha nghién
clru quan tam. Qua trinh x& Ii déng thoi dat hai muc tiéu:
tach duoc tac nhan ddc hai ra khéi ngudn nuwéc déng thoi
tan dung san pham (rng dung trong qué trinh san xuét.

2. PHUONG PHAP NGHIEN CU'U

2.1. Dung cu, héachat, thiét bi

- Mdy do pH Hanna HI 221102, xuéat x Italia

- Can phan tich 4 so sartorius, xuat xr Btrc

- TG sdy UNB500, xudt xt biic

- Dung cu thay tinh: pipet, binh dinh mikc, buret, xuat xt
burc

- Dung cu thay tinh; cdc, binh tam giéc, xuat x( Trung Qudc

- M6t s8 dung cu khac: bép dién, diia thay tinh, phéu
loc, giay loc...

- Héa chat:

+ Dung dich chudn EDTA 0,1N; 0,02N; xuat x( Pirc

+ Chi thi murexit 1% trong KCI tinh thé

+ Tinh thé NH,CI, dung dich NH, d&c, H,S0, dac, H,0,
30%..., xudt xt* Trung Qudc

+ Nwéc cat hai lan, nwdc cat mot lan.

2.2. Phuong phép xac dinh ham lvgng Ni%*

Ham lvgng niken trong mau duoc xéc dinh theo phuong
phap chuan do thé tich [4,5]: LAy chinh xac m6t lugng dung
dich Ni#, thém 10ml dém amoni pH = 10 va mét lugng chi
thi murexit, lac déu, dung dich c6 mau vang. Chuén do truc
tiép dung dich Ni?* bang EDTA tiéu chudn cho dén khi dung
dich chuyén tir mau vang sang mau xanh tim.

Ham lvgng Ni dugc tinh theo cdng thic:
ngNi'(C'V)EDTA

\

Vdm
1000 —— (1)

xd

Ni (g/l) =
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Trong dé:

mBg Ni: mili dvong lvgng clia Ni (mBg Ni = 58,69.1073)

Cepra: NGNG d6 dung dich EDTA duing chuén dd (N)

Vepra: thé tich EDTA tiéu ton trong phép chuan doé (ml)

V: thé tich dung dich mau (ml)

Vym: thé tich dinh mirc mau ban dau (ml)

V,q. thé tich dung dich mau sau dinh mic dem chuén do

(mi)

2.3. Phuong phap nghién ciru diéu kién thu hoi niken
sunfat

Piéu kién thu hdi niken sunfat dwoc tién hanh trén mau
thuc sau khi da xac dinh dugc ham lugng niken trong mau.
Phuong phap thu hoéi niken dwgc lia chon 1a phuong phap
két tha duéi dang niken oxalat. Cac nghién clru vé diéu kién
thu hoi bao gém pH va lvgng du axit oxalic. Két tha NiC,0,
sau do dugc chuyén héa thanh NiSO, bang H,SO, va H,0,.

2.3.1. Nghién ctru anh hwéng ctia pH

L&y chinh xac mot thé tich dung dich Ni?* chuén cho lan
lvgt vao 4 c6c thiy tinh sach 100ml. Can 2,000 gam
H,C,0,.2H,0 cho vao cbc, khudy déu. Dung dung dich
NaOH 10% va H,SO, 1:1 diéu chinh pH dung dich. P& lang
90 phut, ti€n hanh loc bé két tla, Iy dich loc. Xac dinh ham
lugng Ni** trong phan dich loc bdng dung dich chuén
EDTA. Tir két qua thuc nghiém, lya chon gia tri pH dung
dich thu héi Ni** t6t nhat.

2.3.2. Nghién ctru anh hwéng cta lvgng dv H,C,0,

Lay chinh xac mot thé tich dung dich Ni?* chuén cho lan
lvgt vao 4 cée thuy tinh sach 1200ml. Cho vao cac c6c luvgng
khac nhau tinh thé H,C,0,.2H,0, (tir c6¢ 1-4 cho dv lvgng
tinh thé H,C,0,.2H,0 Ian luot 0%; 50%: 100% va 200%)
khudy déu. Dung dung dich NaOH 10% va H,SO, 1:1 diéu
chinh pH ciia cac c6c dén gia tri pH thich hop. DE 1ang 90
phut, ti€n hanh loc bo két, lay dich loc. Xac dinh ham luvgng
Ni?* trong phan dich loc bang dung dich chudn EDTA. Tir
két qua thyc nghiém, lva chon lvgng H,C,0, du thich hop
thu hoi Ni** t6t nhat.

2.3.3. Xac dinh do tinh khiét ciia niken oxalat

Tién hanh két tda niken dang niken oxalat tir dung dich
thai ma crom-niken. Két tda niken oxalat sau khi loc duoc
sdy kho & & 150°C dén khéi lvgng khong d6i, dem can xac
dinh khoi lugng niken oxalat. Hoa tan toan toan niken
oxalat bang axit H,SO,, sau d6 tién hanh chudn do Ni**
bang dung dich EDTA tiéu chuén. Tinh do tinh khiét cla
NiC,0, theo cbng thtrc:

Ham lvgng Ni
chuén do6
Ham lvgng Ni theo
lvgng can NiC,0,

PO tinh khiét
NiC,0, (%)

100%  (2)

2.3.4. Chuyén héa niken oxalat thanh niken sunfat

Lay chinh xac mot thé tich dung dich Ni*, chuyén vao
cdc thay tinh, thém chinh xac lvong H,C,0,.2H,0 va diéu
chinh pH cla dung dich dén gia tri thich hop d& nghién

70 | Tap chi KHOA HOC & CONG NGHE @ S8 45.2018

ctru. Khudy déu, dé 1ang, loc 1y phan két tla. Két tdia NiC,0,
dugc sdy kho & 150°C rbi dem can va hoa tan hoan toan
trong hon hop H,SO, va H,0, thich hop (dw 0%, 50%, 100%)
theo phan tng sau:
NiC,0, + H,S0, + H,0, — NiSO, + 2 CO,1 + 2H,0
Bun séi dung dich sau phan tng dé loai bd lvgng H,0,
dw. Dung dich thu duwgc sau phan tng la niken sunfat trong
moi tredng axit. D€ ngudi, xac dinh ndng dd dung dich
niken sau phan (ng bang dung dich EDTA tiéu chuén.
2.4. Phuvong phap xt li s6 liéu thuc nghiém
Céac két qua thuc nghiém déu duoc ti€én hanh Idp, loai
bd sai s6 thd, xt li s6 liéu thyc nghiém dam bao do tin cay
theo cac buéc sau:
n
Zi=lxi
n

- Tinh gid tri trung binh: x, = ©)

2
Xi —X
- Tinh d6 Iéch chuén: s = z('—ltb) )
n_

sl dung bang chuan student tra t ('ng véi P = 0,95 dé
tinh bién d6 tin céy €.

- Xac dinh bién dd gi¢i han: s:J_rE (5)

Jn

- Tlr d6 tinh gia tri thyc: y=x, £ € (6)
3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Ham lvgng Ni trong dung dich thai ma

Mau nuéc thai phan tich 1a mau tai bé ma truge khi thai
bod. Mau duoc 14y va bao quan theo TCVN 4556:1988. Tién
hanh thi nghiém xac dinh ham lugng Ni?* 13p 5 lan (theo
muc 2.2), xt li s6 liéu thyc nghiém theo cong thiic (3-6). Két
gua thyc nghiém duwgc trinh bay trong bang 1.

Bang 1. Ham lrong Ni trong mAu nurdc thai ma

Lan Ham lugng Ni#* trong nuwéc thai ma (g/l)
™ | Mau1 | Mau2 | Mau3 | Maud | MAus
1 7512 9,977 6,808 10,095 21,598
2 7,630 10,095 6,808 9,860 21,598
3 7,630 10,095 6,691 10,095 21,598
4 1512 10,095 6,808 9,977 21,715
5 7,630 9,977 6,808 10,095 21,598
B 7,583 10,048 6,785 10,024 21,621
S 0,065 0,065 0,052 0,105 0,057
3 +0,081 +0,081 + 0,065 +0,131 +0,071
7583+ 10,048 = 6,785+ 10,024+ | 21,621+
s 0,081 0,081 0,065 0,131 0,071

Tay thudc thoi diém va thoi gian 1dy mau, ham lvong
Ni?* & trong cac mau khéac nhau. Theo tiéu chuén Viét Nam
5945-1995, ham luvgng kim loai niken trong nuéc thai cong
nghiép khong duoc vugt qua 2 mg/l, thi cac mau nuée thai
phan tich déu cé ham lwgng niken virot qua tiéu chuén cho
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phép hang nghin Ian. Ham lvong Ni?* trong cac mau nwéc
thai kha cao nén kha nang thu hoi niken hoan toan kha thi.
3.2. Két qua khao sat mot so diéu kién thu hoi Niken

3.2.1. Lvachon dang két tlia

Ni?* trong dung dich cé kha nang két tlia v6i nhiéu
thudc th( va tich s tan cla cac hgp chat it tan thu duoc la
khac nhau [6]. Tuy nhién, nhém hgp chat két tda dang
cianua va sunfua khong duoc lva chon do phai st dung cac
thudc thr c6 doc tinh cao. Cac dang két tda Ni(CIO,),;
Ni(10;), va NiSeO, cé do tan kha I6n, hiéu qua thu hoi niken
thap nén cling khéng duwoc lva chon.

Hai dang két tlia co ban la NiCO, va Ni(OH), c6 do tan
nho, dé dang thic hién qua trinh két tha. Tuy nhién, két tda
Ni?* duwdi hai dang nay kém chon loc: nhiéu ion kim loai
trong dung dich ma cling c6 kha nang két tla dong thoi
cung v6i niken va két tda thu dwgc kém tinh khiét.

Chiing toi lva chon két thia Ni#* trong dung dich nwéc
thai ma dudi dang NiC,0, bang axit oxalic. Tich s6 tan cla
dang két tla nay kha nhé (4.10~ %), dang két tda cé tinh
chon loc va déc biét c¢6 thé diéu chinh pH dé ting tinh chon
loc khi két thia niken.

3.2.2. Khdo sat anh huwéng clia pH t6i két tla niken
oxalat

Tién hanh thi nghiém theo muc 2.3.1 véi céc diéu kién
pH khéc nhau. &' méi diéu kién pH tién hanh lam I&p 3 lan,
Xt Ii s6 liéu thwc nghiém theo cong thic (3-6). Két qua thi
nghiém dugc trinh bay trong bang 2.

Bang 2. Anh hudng clia pH toi két tha Niken oxalat

an | Ham lvongNi** saukéttda (g/l) | S € H
pH 1 2 3 18
2—-3 3874 | 3850 | 3832 | 3852 | 0,021 03-52 36?8221-
4-511928 | 1928 | 1916 | 1,924 | 0,007 03-17 169’(2;1171-
6-7 (0153 | 0,154 | 0,153 | 0,153 | 0,001 0’6_'-02 0611882'_"

Tl cac két qua thuc nghiém néu trén, chdng téi nhan
thay tai diéu kién pH trong khoang 6 - 7, ham lwgng Ni?*
con lai trong dung dich la nhé nhat, tic hiéu suat thu hoi
Ni?* [a I&n nhat. Vi vay, nhém nghién cttu lya chon khoang
pH dé két thaNi**1a 6 - 7.

3.2.3. Khao sat anh huwdng lugng du axit oxalic téi két
taniken oxalat

Bang 3. Anh huong clia lwong du axit oxalic t6i két tia Niken oxalat

Lan Ham lugng Ni** sau két tda (g/)
Lwon S € M
amcon] 1| 2] 3| ™
0% | 357 | 3550 | 3532 | 35 [ooz| T | 39%2*
' ’ ’ e 198 0050 | 0,052
20% | 2756 | 2763 | 2752 | 2757 |06 E | 217E
' ’ ’ 19500 0014| 0,014

s50% | 1928 | 1928 | 1916 | 1924 |ooo7| T _| 194
! ! : ! 0017 0017
100% | 0380 | 0383 | 0383 | 0382 |oooo| T | 0382%
: : : ! 99210.004| 0,004
200% | 0376 | 0374 | 0376 | 0375 |ogo1| T |03P*
: : : : 10,003 0,003

Tién hanh thi nghiém theo muc 2.3.2 v6i lvgng du
H,C,0, khac nhau. & mdi diéu kién lvong du H,C,0, tién
hanh lam Idp 3 Ian, xt li s6 liéu thuc nghiém theo cdng thic
(3-6). KEt qua thi nghiém dugc trinh bay trong bang 3.

Tl cac két qua thuc nghiém trén, ching téi nhan thay
khi lvgng dv H,C,0, la 100%, ham lvgng Ni?* con lai trong
dung dich 1a nho nhat, tic hiéu suat thu hoi Ni** 1a 1on nhat.
Vi vay, lvgng dv H,C,0, dé két tia Ni** dwoc lva chon la
100%.

3.3. Két qua thu hoi niken tir nwéc thai ma.

Tién hanh thi nghiém thu hoi niken trén mau nwdc thai
ma tai pH = 6 va lvgng dv axit oxalic 100%, hiéu suét thu
hoi niken dugc tinh theo cong thirc:

Ham lugng Ni trong két tlia
Ham lrgng Ni trong mau
Ham lvgng Ni trong mau-

Ham lveng Ni trong dich loc 10094
Ham lvgng Ni trong mau

Ké&t qua tinh hiéu sudt thu hoi Ni duoc trinh bay trong
bang 4.

Bang 4. Hiéu sudt thu hoi kim loai niken

Hiéu suat thu
hoi Ni (%)

00%

Mau 1 2 3 4 5
Ham Irong Ni* (/1) trong mAu | 7,583 | 10,048 | 6,785 | 10,024 | 21,621
Ham Ivgng Ni (g/l) trong dich loc | 0,321 | 0,496 | 0,325 | 0,618 | 0,844
Hiéu sudt thu hoi Ni (%) 95,77 | 95,06 | 9521 | 94,86 | 96,56

Cac két qua thi nghiém cho thdy, hiéu suét thu hoi
niken la khéa cao, khoang 94-96%. Ham luvgng niken trong
phan dich loc chi con khoang 4-6%. Biéu nay dong ngha,
thu hoi Ni theo quy trinh trén vira giam chi phi xt li nwéc
thai dong thoi giam tac hai moi trvong. Tuy nhién, ham
lvgng niken van viot qua 2 mg/l (TCVN 5945-1995). Phan
thai sau khi thu hoi kim loai khéng duwgc phép xa thai truc
ti€p ma can duoc két hop véi phan nuwéc rira san pham
(nham pha lo&ng) hoac nghién ctu x Ii thém trwdc khi xa
thai ra méi truong.

3.4. K&t qua xac dinh do tinh khiét ctia NiC,0,

Tién hanh thi nghiém theo muc 2.3.3, cac két qua thi
nghiém dugc trinh bay trong bang 5.

Bang 5. B tinh khiét clia NiC,0, sau thu hoi

Mau 1 2 3 4 5
Ham leong Ni** trong két tlia (g) | 7,257 | 9,638 | 6,457 | 11,521 | 20,765
Ham luong Ni** chuan o (g) | 7,140 | 9,412 | 6,358 | 11,248 | 20,024
(%) NiC,0, sau thu hoi 98,39 | 97,66 | 98,47 | 97,63 | 96,43
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Cac két qua thi nghiém trén cho phép khang dinh
NiC,0, thu duoc cé do tinh khiét cao = 95%. Hoa chat c6 do
tinh khiét nhw NiC,0, hoan toan cé thé sir dung vao muc
dich héa chat trong san xuat cong nghiép. Tuy nhién, hop
chét chira niken sir dung trong céng nghé ma crom-niken
la niken sunfat hoac niken clorua. Vi vay can thuc hién qua
trinh chuyén hoa thich hgp dé chuyén hoan toan NiC,0,
thanh mot trong hai loai mugi trén.

3.5. K&t qua chuyén héa niken oxalat thanh niken
sunfat

Can chinh xac 1,550g két tta NiC,0,, hoa tan hoan toan
lan luot trong hén hop H,SO, 2M va H,0, 10% (vira di va
du 50%, 0%). K&t qua la két tta tan hét trong hon hop 5mL
H,SO, 2M va 2mL H,0, 10%. Tuy nhién khi dung dv lvgng
H,SO, va H,0, thi lugng két tda NiC,0, duwoc hoa tan dé
dang hon. Bé dam bao muc dich kinh té, ching toi lya
chon dung dich chuyén hoéa NiC,0, thanh NiSO, gém 7mL
H,SO, 2M va 3mL H,0, 10%. Bun sdi dung dich 5-10 phut
nham loai bd H,0, du, dé ngudi dinh mic thanh 100mL.
Hat 25ml dung dich dem chuén d6 bang dung dich EDTA
0,1N, két qua duoc trinh bay trong bang 6.

Béang 6. Nong d dung dich Ni? (g/l) sau thu hoi

Mau 1 2 3
V (mL) EDTA 123 121 120
NiZ* (g/l) 5,775 5,681 5,634

Ham lugng Ni# trong dung dich thu duwoc dat khoang
5,634-5,775g/l. Dung dich nay sau khi x&c dinh dugc ham
lwvong Ni, nguoi ta cé thé tinh toan lvgng niken thich hop
nham b6 sung vao dung dich ma crom-niken.

4. KET LUAN VA KHUYEN NGHI

Céc két qua nghién ctru cho thay, thu hoi kim loai niken
trong dung dich thai ma nham dat hai muc tiéu cé tinh kha
thi cao. Niken dugc thu hdi nhdm giam dang ké ham luong
kim loai niken, gidm chi phi xt li nwéc thai céng nghiép ma,
ngan ngira & nhiém méi truedng. Mat khac, niken thu hoi
duoc chuyén hda vé dang niken sunfat nham muc dich tai
str dung trong céng nghé ma crom-niken.
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