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TOM TAT

Quy trinh diéu ché vat liéu hap phu polyme x6p SGS-NTS trong phong thi
nghiém dugc xac dinh bao gom (1) tong hop polyme SGS-NT8 bang phan tGng
trung ngung cia monome resorcin (R) va formaldehyd (F) voi ti 1¢ mol F/R =
2,75 trong méi truong axit (vai thoi gian, nhiét d§ dugce xac dinh trong tung giai
doan phan tng), va (2) xtr Iy hoa hoc polyme SGS-NT8 thanh vat liéu hip phu
SGS-NT8 (twong ty nhu nhua trao ddi ion) bang cach cho tiép xuc voi dung
dich 5M H,SO, ¢ 110°C hay dung dich 5M H3PO4 ¢ nhiét d6 100°C trong 2 gio.
Vit liéu hap phu polyme xdp SGS-NTS, ky hiéu SGS-NT8(H"), & dang bot (hat
két) hay dang két khdi, co cdu trac hat cau khong gian nhu cua SGS-NTS,
nhung kich thudc cac hat ciu va dudng kinh 16 hong trung binh déng déu hon
(lan luot, 5- 7 pum va 5 - 10 pm so véi 2 — 12 um va 2 - 15 um); trén bé mit cac
hat cdu nhé cé dinh nhitng nhom chuc axit v6i ham luong dao dong trong
khoang 2,290 - 2,578 meq H'/g.

Nhira SGS-NT8(PH"), 1a SGS-NT8 duoc xur 1y véi axit phosphoric, khong
nhirng c6 dung luong trao d6i ion cao hon so véi SGS-NT8(SH"), 1a SGS-NT8
duoc xir Iy voi axit sulphuric, ma con c6 kha nang hap phu chon loc ddi véi ion
UO,*" tir dung dich nghién ctru ciing nhu tir nude thai trong qua trinh hoa tach
quang uran, dac bi¢t trong moi truong sulphat & pH 6, hiéu suét thu hdi uran dat

98%.

Tir khéa: Polyme xdp SGS, hip phy, uran.



ABSTRACT

A preparation process of the porous polymeric adsorbent SGS-NTS in the
laboratory was set up including (1) synthesizing polymer SGS-NT8 by
polycondensation of resorcinol (R) and formaldehyde (F) with the molar ratio
F/R = 275 in an acid medium (with the determinate time period and
temperature in each reaction stages), and (2) chemically treating the polymer
SGS-NTS into the porous polymeric adsorbent SGS-NTS8 (similar to an ion
exchanger) by contacting with 5M H;PO, solution at 110°C or 5SM H,SO,
solution at 100°C for 2 hrs. The porous polymeric adsorbent SGS-NTS, signed
as SGS-NT8(H"), in the agglomerated powder or block forms have a spatial
globular structure like SGS-NTS, but its particle size and average porous
diameter are more uniform (5 - 7 um and 5 - 10 um compared to 2 - 12 um
and 2 - 15 um, respectively); the microglobule surface is coated with acid
functional groups with the content in the range of 2.290 - 2.578 meq H'/g.

The SGS-NTS8(PH") resin, i.e. SGS-NTS treated with H;PO,, has not only
the higher total exchange capacity than that of SGS-NT8(SH"), i.e. SGS-NTS
treated with H,SO,, but also a selective adsorption capability to UO,>" from the
study solution as well as from the wastewater in the Uranium ore leaching
processes, particularly in a sulphate solution at pH 6, the Uranium recovery

efficiency reached 98%.

Key words: SGS - polymer, adsorption, Uranium.



BANG CONG THUC

STT Noi dung cong thirc Ky hi¢u Trang
1 Kq=CJ/C, 2-1 22
2 Ki=[(C/Ci)—1]-V/m 2-2 22
3 q=(C,—Cj) - V/m 2-3 23
4 N = (M,,/M;) - 100 3-1 31
5 P = [(m, — my)/my] - d - 100 3-2 32
6 Nrg = (Mg /myp) - 100 3-3 36
7 N = (m, /m,) - 100 3-4 36
8 ne = [(C, — C)) /C,] - 100 3-5 37
CHU VIET TAT
STT | Ky hi¢u Pon vi Tén dai lwgng, nghia chir viét tat
1 C. mg/mL nong dd ban dau cua ion kim loai trong dung
dich
2 G mg/mL ndéng do cudi ctia ion kim loai trong dung dich
noéng do ion kim loai trong pha long (dung
3 Ci mg/mL | 4ich) tai thoi diém can bing
n(‘:)ng do ion kim loai trong pha rin (nhua trao
4 < M | 44 fon) tai thoi diém can bang
5 Cum mol nf)ng do axit
6 CH - cong hop
7 bb - dong dac
8 D - hé s6 khir doc
9 d g/em’ khdi luong riéng ciia vién nhya kho
10 GN - gia nhiét
11 HMP - hydroxy-methylphenol
12 Kq [mg/g:mg/mL] | hé s6 phan bé ctia ion kim loai
13 My, g khéi lugng san phém thu duoc




14 M, g khdi luong cac chit ran tham gia phan mg

15 m g khéi lugng ctia nhya

16 my g khéi luong nhya kho

17 my, g khéi lugng nhuya udt

18 m, g khdi lugng nudce ng?im vao vién nhua

19 N % hiéu suat phan tng

20 P % do xop

21 PF - polyme phenol - formaldehyd, nhya phenolic

2 Q. meq H'/g; ?&lgfglﬁﬁgi tziz f)éi cation toan phan tinh (ham

23 q mg/g dung lugng hap phu ion kim loai trén nhya

o4 | RESH' ) Ezlhrlligg:et tt chi nhya SGS-NT8 sau xir Iy

s | REPH' ] Egllﬁigg:et tat chi nhya SGS-NTS sau xir ly

26 SP - san pham

27 SV - dung lugng cot

78 SGS'+ i k}'f, hi€u chi nhya SGS-NT8 sau xur ly véi cac
NT8(H") axit

29 SGS- . i ky hi¢u chi nhya SGS-NT8 sau xu 1y véi
NT8(SH") H,SO,

30 SGS- . i ky hiéu chi nhya SGS-NT8 sau xu 1y véi
NT8(PH") H;PO,

31 T° °C nhi¢t do

32 t h; min thoi gian (gio , phut)

33 t.n.k.ndi - tac nhan két nbi

34 A% mL thé tich dung dich

35 Vi mL thé tich nhua udt

36 Vi mL thé tich luong nude ngdm vao nhira

37 | ms e % hiéu sut rira giai; hiéu suat thu hoi; hiéu suat

tach ion kim loai trén cOt nhua




PHAN 1- MO DAU

Nhitng nam gan day, nén san xuat cong nghiép & nudc ta dang ngdy cang
phat trién va trong tuong lai, cac nha may dién nguyén tir s& duoc xay dung va
di vao hoat dong, do vay viéc xtr Iy nudc thai cong nghiép va phong xa dang tro
thanh mot van dé cap bach, thu hut mdi quan tdm 16n clia cac nghanh khoa hoc
va cong nghé moi truong. Viéc nghién ciru diéu ché ra cac vat liéu méi dé xur 1y
nuée thai trude khi thai ra moi trudng 1a diéu rat cap thiét.

Két qua nghién ctru cta dé tai co sé nam 2005 cé tén “ Nghién civu, dinh
gid hiéu qud irng dung polyme di qua xir Iy héa hoc dé tich mét s6 nguyén té
kim loai tir dung dich thdi cong nghiép”, do ky su Nguyén Thi Phuong Nam
va cac dong nghiép thuc hién tai Trung tim Cong nghé Tinh ché - Vién Cong
nghé Xa Hiém cho thiy: mau vat liéu polyme SGS-NT8 tong hop thu tir
resorcinol va xur 1y véi axit H,SO, thé hién nhiéu dic tinh Iy hoa tuong tu nhu
mAu vat liéu hap phu SGS-81 (xuat xir tir Nga), ké ca kha nang hip phu cac kim
loai ning (Cd, Ni...). Tir 46, nhom nghién ciru ching t6i xay dung dé tai nghién
ctru nay véi 3 muc ti€u chinh sau:

a) Nghién ciru xay dung quy trinh diéu ché vat liéu hap phu polyme xop SGS-
NT8 (hay nhuya SGS-NT8(H")), 13 loai vat liéu hap phu c6 cac dic tinh co ban
tuong tu nhu cua SGS-81 (Nga);

b) khao sat kha ning hap phu ion uranyl ctia nhya trong dung dich nghién ctru
va nudc thai trong qua trinh hoa tach quang uran;

¢) diéu ché thir mot lwong SGS-NT8(H") theo quy trinh trén trong phong thi
nghiém.

Két qua thu duogc sé& cho phép danh gia kha ning chi dong diéu ché loai vat
lidu hap phu méi trong nudc ding trong k¥ thuat xir Iy nudc thai phong xa noi
riéng va cac loai nude thai cong nghi€p ndi chung.

Dé tai nay dugc thuc hién trong thoi gian 24 thang, tir thang 4/2007 dén
thang 3/2009 tai Trung tim Cong nghé VAt liéu (Trung tim Coéng nghé Tinh ché



trude ddy) — Vién Cong nghé Xa Hiém, v6i kinh phi chinh thtc 371,5 triéu
ddng VN do ngudn vén Ngan sach Nha nudc cip.

Nhom nghién ciru dé tai chan thanh cam on sy giap d& nhiét tinh cua cac
ddng nghiép trong Trung tim Cong nghé Vit liéu, ciing nhu sy giup d& cla cac
anh chi em & cac Phong, Ban chuyén trach ctia Vién Cong nghé Xa Hiém va
Vién Nang luong nguyén tr Viét Nam; cam on sy quan tdm gitp do cua Ban
lanh dao Vién CNXH va Vién NLNTVN trong qua trinh chung t6i thuc hién

nhiém vu cia minh.



PHAN 2 - LY THUYET, TONG QUAN

2.1. Gi6i thiéu vé cac vat liéu hap phu polyme xop SGS

Ngay nay, trong linh vyc nhya trao d6i ion va k¥ thuat hip phy nguoi ta da
dat duoc nhirng tién bo dang ké nho budc phat trién cau trac 16 x6p rong hay
ciu tric hat cdu khong gian (Spatial Globular Structure ) ciia vat liéu polyme
(SGS — polymer hay polyme x6p SGS) ké tir cudi nhitng nim 70 cua thé ky
trude. Uu thé cua loai vat lidu nay 1a c6 dién tich bé mat trong va thé tich 18
héng 16n. Qua trinh tong hop c6 thé 1am thay ddi cac thong sb vé 16 hong va
dién tich bé mat & ca mot khoang rong nham phu hop cac muc dich sir dung
khac nhau [1].

Hién tai, nguoi ta dang chu trong dén hudng nghién ciru Gtng dung cac vat
liéu hdp phu polyme xdp SGS mot cach hiéu qua nhat, tir thu hdi duoc pham
dén xtr Iy cac ngudn nudc thai [1, 2]; dd c6 khoang 30 loai polyme SGS nhu
vay xuat hién trén thi trudng, chu yéu dugc cung cdp boi cac nha san xudt tir
Nga, Buc, My va Nhat [3].

2.1.1. Cac dac tinh vat ly chung
Mot cach tong quat, cac polyme SGS 13 nhimg chit ran x6p, voi ciu tric
va céc tinh chit vat ly dac biét sau:

a) Céu tric mang khung: Polyme x6p SGS 14 cac hop chét hitu co ¢ khdi

lugng phéan tir 16n dugce tong hop tir vai loai monome ban dau khac nhau
(styren, phenol, melamine, carbamide...). Nhitng hat hinh cau rat nhé cua chudi
polyme dai bi xoan lai trong qua trinh tong hop di cung cap 16 hong cho polyme
SGS va cung ltc tao thanh san pham c6 cdu trac ran co hoc (Hinh 2-1) [1-4].

b) Dién tich bé mit trong va d6 xp cao: Cac hat ciu co cac kich thuée rat

nho (tir 0,03 - 15 pm, phu thudc vao diéu kién tong hop) lién két hoa hoc véi
nhau tai cic diém tiép xuc tao thanh mot khdi cdu trac mang ran chtra nhing 18
héng nho lién thong vai kich thude twong duong, 16n hon hodc nhé hon kich

thudc cac hat cau (0,01 - 20 um), do vay polyme SGS c6 dién tich bé mit trong
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rat 16n (tr 100 - 500 m*/g) va phan tram thé tich 16 hong so v6i khéi lugng cua
khéi vat liéu (46 xdp) cao, c6 thé thay doi tir 10 dén 90%. Trong khi cac chit

hép phu ¢6 dién nhu silic, nhom va carbon khong dem lai do co dan nay [1, 4].

Hinh 2-1. Céu trac ctia polyme xdp SGS trén kinh hién vi dién tir quét (SEM)

Bang 2-1. Moi lién hé giita thé tich 16 hong (hay do xop) va duong kinh 16 hong
trung binh cua vat liéu hap phu polyme xop rong

STT Puwong kinh 18 hong trung binh | Thé tich 13 héng Do xop
[A° = nm] [um] [em/g] [%]
1 3500 0,35 0,95 95
2 6000 0,60 0,9 90
3 10000 1,00 0,8 80
4 15000 1,50 0,7 70
5 20000 2,00 0,6 60
6 30000 3,00 0,5 50
7 40000 4,00 0,4 40
8 60000 6,00 0,3 30
9 90000 9,00 0,2 20
10 180000 18,00 0,1 10

Bang cac k§ thuat nhu kinh hién vi dién tir quét (SEM) va thiét bi do do
x6p thily ngan, nguoi ta da xac dinh duoc mdi lién quan giita kich thude trung
binh cac hat cau, cac 16 hong va dién tich riéng bé mit trong, cling nhu méi lién
quan giira thé tich 156 hong va duong kinh 16 hong trung binh cia cac vt lidu
hap phu polyme x6p rong (Bang 2-1) [1]. Céc thong tin vé do x6p, duong kinh

16 hong trung binh, kich thuéc trung binh cac hat cau, va co thé ca do rin cua

11



vat lidu polyme xdp SGS, déu 1a mdi quan tdm 16n vé phuong dién cac dic tinh
ciia nhua trao ddi ion, b6i chung lién quan dén d6 ndi két cua cac phan tur
polyme va chiu anh hudng 16n tir cac diéu kién tong hop [1-3].

¢) Bén vé kich thudc, bén vé héa hoc, khong tan trong nudc: Cac polyme

x6p SGS déu bén vé kich thudc va hiu nhu bén ca vé hoa hoc (chiu dugc axit,
bazo), chiu nhiét (khong phan hiy hay néng chay & nhiét do ~ 300°C); hoan
toan khong tan trong nudc va trong cac dung mdi hiru co thong thuong [6, 7].

d) Mot sb tinh chét va thong sd k¥ thuit cua vat liéu polyme xb6p SGS [4-71:

- Hinh dang ngoai: bot (hat két), tim, ong, 15i hay khdi hinh hoc nhat dinh
- Mau sic: tir tréng, vang, do dén nau, nau sam, den
- Xép mém: d& cit, got, mai
- Chu trac mang: cac hat hinh cau rat nho ndi két véi nhau tal cac diém tiép
xtc, tao cac 16 hong lién thong

- Kich thuéc cac hat cau nhé: 0,03 - 15 um
- Kich thuéc cac 16 hong: 0,01 - 20 um
- Do xbp dich chuyén trong khoang 35- 90%
- Dién tich bé mit trong dat tir 150 - 500 m?/ g
- Ham luong nhom chuec: 2 - 14 meq/g
- D0 chiu nén c6 the dat t&i 300 N/em’; D9 chiu kéo 6 the dat 200 N/em®,

Mot trong nhitng wu diém noi bat cua vat liéu hap phu polyme xdp SGS 1a
6 thé st dung lai chung nhiéu 1an. Pé tai sinh vat liéu loc 1a polyme xép SGS,
nguoi ta dung cach thoi nguge khi nén hay hoi nude; con trong xir Iy nude thai,
chiing duoc tai sinh lai bang cdc tc nhan rtra giai thich hop [5-7].
2.1.2. Céc vrng dung ciia vit ligu hdp phu polyme xép SGS

Trong cau triic cta polyme xdp SGS ¢6 nhitng nhom lipophilic nén chiing

c6 thé dugc sir dung nhu chat hip phu céc tap chit hiru co tan tir nude thai.
Nhitng tap chét tiéu biéu c6 thé dugc hdp phu hay duoc tach ra nhu: dau nhon,
san pham cua dau an va nhimg chat tiy rira. Cac mudi tan va axit khong 1am

anh hudng té1 qua trinh lam sach.
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Bang 2.2. Cdc dac tinh hoa hoc va vung dung cua mot s6 logi vt lidu hd'p phu

polyme xop SGS
Ham lugng nCz:lc cél:lat% Linh vuc @ng
Loai Cau tric Monome | nhoém chire guyen dung dwgc thir
. [meq/g] dwgc hap . n hiém
q/g phu ghi€
oH f s
o, e L
SGS-8 | —cH, CH,— | Resorcin 6,3-6,7 hop chat hiu | |~ y p;
oH trung tinh, hap
co
phu
0 . .

SGS- Hg, cac chat | Loc, hap phu
10 Carbamid | 13,2-142 |hitu co wa|cac tic nhan
CH—NH" "NH—CH, nudc lam no6i

Loc axit, cac hé
1,2- A N
OH dihydroxy huyén phu, lam
SGS- OH bei]lzene 6.1-66 As, Sb, Bi, | sach cac axit
11 — CH ch— (pyrocate T Mo, W rda  khi lam
P Zhol) sach dung dich
dién phan Cu
L y | Loc siéu min
3GS- —CHZ/ \| \"/ \CHZ— Cac anion cua | cac  hé . chiét
15 Ny Melamine 5,8-6,5 cac axit manh, | taich huyén phu
( Mo, W cua axit va bazo
2N manh khdi Mo
, . Lam mém nudc,
9 Cac cation lam sach nudc
SO | —an Fron— | AN Tggip3 |1 MOC s khoi cic
80 on resorcylic cung, Zn, Cd, an b d
HooC Pb, Cu, Ag n‘(?’l.lyfn 0 duoge
noi dén
H . ., | Loc loai bo cac
SGS- | —on e Axit }(1:;3 h(‘:g Chzz phenol,  chiét
31 : 0:2 resorcyl- 1,5-1,7 nude. cac ion tach Cu, Ni, Zn
SO,0H sulphonic ST khdi céc dung
kim loai mau . ,
dich rira
OH Resorcinol . . -
SGS- | _ oo @ on | /X0l WSH| o | Zn, Cd, Cu, | 20 muoe
NT8* on | axit . Ni s e
SO,OH sulphonlc ’

* Vat liéu polyme xop dwoc diéu ché thir tai Trung tam Vat liéu-VCNXH, 2005.

Nho cac bude xtr Iy hoa hoc ma trén bé mit cac hat cau nho c6 thé chira
cac nhom chirc khac nhau véi ham luong thay d6i trong khoang 2 - 14 mval/g.
Khi d6 cac polyme xdp SGS c6 tinh chat héa hoc gidng cac loai nhya trao doi

ion da ning: vira 1a chat trao doi ion vira 1a chat hdp phu dién ttr, 6léphin, chat
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tao phuc [3, 4].

Do c6 cAu triic xdp rin déu din nén polyme xdp SGS 1a vat liéu c6 kha
nang tham thau cac chat khi va cac chat 10ng cao, c6 cac tinh chat phu hop cho
qua trinh loc. Khi duoc ché tao thanh khdi chic chin ching ¢6 thé 1am cho qua
trinh hép phu va rtra giai xay ra voi van tdc rat 16n, 1lam sach sau hon, d6 chon
loc cao hon va qué trinh dat hiéu qua cao hon [4-7].

Nho ¢6 d6 chon loc cao nén vt liéu hip phu polyme xép SGS di dugc sir
dung dé tach cac dong vi va nhimg chit co tinh chat gan gidng nhau, tach khi,
lam sach va thu duoc phém, lam sach mau v.v..[6], xUr Iy nudc trong vung bi 6
nhiém sau tham hoa hat nhan nhu di dugc dung & Checnobun [8].

Mot s6 trong gan 30 loai vat liéu hap phu polyme xdp SGS dang c6 mit
trén thi trudng thé gidi [3, 7] duoc tap trung trong Bang 2-2.

2.2. Cac dang polyme phenolic

Cac polyme duoc tong hop tring ngung tir cac monome dong phenol
(riéng r& hodc két hop cia hai hay nhiéu loai monome) voi mot aldehyde cé tén
chung 14 polyme phenolic hodc nhya phenolic [9-11]. Tir nhitng nam 50 cua thé
ky trudc, nhwa phenol-formaldehyd (PF) d3 dugc tmg dung dé ché tao ra cac
loai nhwa trao doi ion dung trong qué trinh tach chon loc cac ion kim loai phuc

vu linh vuc phan tich [10].

OH OH
@ ©\OH

Phenol Resorcinol
Hinh 2-2. Cau trac phan tir ciia phenol va resorcinol

Resorcinol 1a mot trong nhitng dan xuat ctia phenol voi hai nhém hydroxyl
o vitri / va 3 ciia mach vong benzen, do vay vé tinh chat hoa hoc resorcinol cé
nhing diém twong dong v6i phenol (Hinh 2-2). P& hiéu rd hon vé tinh chat hoa
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hoc cta resorcinol trong tong hop polyme x6p SGS-NTS ta c6 thé tim hiéu k§
vé cac loai nhua phenol-formaldehyd (PF) qua cac tai liéu da cong bd [12-18].
Vé phuong di¢n hoa hoc, nhuya phenolic PF dugc chia thanh hai dang
chinh: novolac va resol, phu thudc vao ti 1& chat tham gia phan Gng P/F va chat
xuc tac. Co ché phan tng dé tao thanh céc tién polyme dugc diéu khién bing

pH va ti 1 mol F/R [13, 14].

2.3. Cac giai doan chinh trong tong hop polyme phenol - formaldehyd

2.3.1. Phan vrng cong hop (methylol hoa)

Trong dung dich nudc, formaldehyde c6 mat ¢ dang bi thiy phan la
glycolmethylen: HO'— (‘(CH,— O — )H. .

Trong mdi trudng axit, cac oligome novolac déu bén va can c6 mot tac

nhan ndi két thém vao dé tao ra nhitng mang ludi (Hinh 2-3) [14].

OH OH
| - . cH,0H
2) @ + *CH,-OH —_— + H
OH

CH, OH CH,"

OH OH OH OH
| cH' | | |
CH, —,
©) + _— +  H

Hinh 2-3. Su hinh thanh tién polyme novolac PF

Trong mdi truong kiém, phenol bi proton héa dé tao thanh cac ion
phenoxid (Hinh 2-4) [13-15]. Cac vi tri ortho va para giau electron trong cac
ion phenoxid tao dé dang cho su thay thé cac electron mach vong (su cong
hop). Khi hydroxid natri duoc dung 1am xtc tac, sy hinh thanh cau trac chelat

dugc uu tién tai vi tri ortho. Sau d6 cac phenoxid dugc hydroxymethyl hoa
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thanh cac hydroxy-methylphenol (HMP) bac mot (mono-substituted), nhiing
HMP bac mot lai tac dung voi glycolmethylen dé hinh thanh cac HMP bac hai
va bac ba trudc khi phan img dong dac xay ra sau d6. Sy hinh thanh cac HMP
bac mdt, bac hai va bac ba nhu trong Hinh 2-5 [13, 15].

OH OH OH OH OH
| | 6 | | |
0 0
0
Phenol

Hinh 2-4. Céc ion phenoxid trong méi trudng kiém

OH OH (l)H
OH- - CH,0H
+ CHO - + +
CH,OH
Phenol
OH H
HOH,C CH,OH HOH,C CH,O
+
CH,OH

Hinh 2-5. Su hydromethyl héa cta phenol trong méi trudng kiém

2.3.2. Phan wng dong dac (polycondensation)

N6i chung, budc phat trién polyme hoa cua cac HMP 1a sy dong dic, 1a
phan ung trong do6 c6 giai phdng nudec.

C6 hai cach khac biét tao thanh cac tién polyme, hai cach d6 phu thudc

vao pH va nhiét d6 (Hinh 2-6) [13, 14]. Cach th&r nhét (1) dan dén dihydroxy-
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dibenzeyl ether, 1a cach chiém wu thé nhiéu hon trong cac diéu kién tir trung
tinh dén axit yéu va ¢ nhiét do thip hon 130°C. O nhirng nhiét d6 cao hon,
dihydroxy-dibenzeyl ether s& loai formaldehyd ra dé tao nén dihydroxy-
diphenylmethan. Cach thir hai (2) dua dén dihydroxy-diphenyl-methan, chiém
wu thé ¢ diéu kién bazo va nhiét do gitta 130°C va 150°C. O nhiing nhiét d6 cao

hon 150°C s& c6 nhiéu phan tng phy khac xay ra [17, 18].

r 4
5 P
+ H,O
(l)H (1)
: CH,OH Dihydroxy-dibenzylether

OH ?H

Phenol |
@ + CH,0 + H0

2) @_ -

Dihydroxy-diphenylmethane

Hinh 2-6. Su hinh thanh tién polyme PF

2.3.3. Gia nhiét

Phan mg dong dic tiép tuc xay ra trong qué trinh két ndi cac hydroxy-
methylphenol va dugc ddy nhanh bang cich gia ting nhiét.

Dé tao ra nhitng mang ludi, d6i voi nhua resol thuong & diéu kién pH 9
hodc cao hon va chi can gia ting nhiét gitra 130°C va 180°C 1a du, trong khi
nhua novolac can co mot tdc nhan ndi két khac thém vao. Tac nhan ndi két
thong dung nhit cho cac novolac 1a hexamethylenetetramine (HMTA). Nudc va
formaldehyd dugc sinh ra va bay hoi trong qua trinh gia nhiét. Su thai loai cac
chat bay hoi dan dén su tao nén mang khung ludi véi mot luong dang ké cac 16

trbng thong nhau [16, 17].
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2.4. Cac yéu t6 anh hwéng dén qua trinh tong hop va tinh chéat polyme

phenolic

Nhuwa phenolic novolac 13 nhua déo nhiét dugce didu ché voi xiic tdc axit
(chc axit vO co, cac axit hitu co nhu p-toluensulphonic axit, cac axit yéu dang
Lewis) [13]. 77 Ié mol tiéu biéu cia formaldehyde doi véi phenol F/P tir 0,7 -
0,85 dé giit cho cac oligomer c6 cac khdi lugng phan tir du thip, nhya c6 do
nhét ¢ thé chay duoc. S6 phéan tir lwong trung binh cua cac novolac néi chung
déu dudi 1000 g/mol va tan duge trong nudc [14]. Nhua novolac duoc gia nhiét
v6i 5 - 15% (w/w) hexamethylene-tetramine nhu 13 tic nhan ndi két [14, 17].

Nhuwa phenolic resole 1a nhua bén nhiét dugc tao nén véi xic tde bazo (nhu
NaOH, Ca(OH), va Ba(OH),), #i 1é mol F/P tir 1,2:1 - 3,0:1, c6 khéi luong phan
tr ban dau tir 150 dén 1500 g/mol [13, 17].

Mire @5 trimg ngung, lwong tdc nhdn noi két thay doi, thoi gian phan iing
tring ngung thay doi, lwong chdt xic tac, nhiét dp gia nhiét anh huong thé nao
1én cac tinh chit caa polyme PF da va dang dugc nghién ctiu nham cai thién vat
lidu chiét tach. Do bén dién, kich thudc 16 hong va d6 xbp ciia cac mau vat lidu
cling duoc xac dinh [16-18].

Anh huéng twong tdc giita cdc diéu kién gia nhiét, cdu tric, va cdc tinh
chdt co hoc cua cac hé nhya phenolic khong pha tap da dugc khao sat. Nhimg
thay doi ciia sy phan b duong kinh cac 16 trong da dugc khang dinh bang
phuong phap phan tich trén hinh dnh cia kinh hién vi dién tir quét (SEM) [17].

Su lién tién cta phenol va cac san pham cong hop dugc hinh thanh dau
tién da dugc dinh luong bang sic ky 1ong cao ap (HPLC), cac tién polyme cubi
cung duoc phén tich bang quang phd ké °C NMR. Luwong chdt xiic tdc anh

hwong mot cach co hoc va dong luc hoc dén sw hinh thanh tién polyme [18].

2.5. Xir Iy héa hoc polyme phenolic thanh nhua trao doi ion thich hop

2.5.1. Pdc tinh ciia nhwa trao déi ion va cdc chét hip phu nguon géc hivu co
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Phan 16n nhya trao ddi ion c6 mit trén thi trudng hién nay 13 céc loai
nhira hiru co tong hop co cdu tric vat 1y ¢ dang gel hay dang 16 xbp rong.
Khung nhya cao phan tir (polyme) 1a mot mang ludi 16n x6n gdm cac chudi
hydrocacbon duogc ndi két voi nhau, trén d6 cac nhom chirc mang cac ion tich
dién duge c¢b dinh ¢ cac vi tri khac nhau [11, 29]. Cac nhém chire gém cac
nhom géc cua axit sulphonic, axit carboxylic, cla ammoni bac bon, bac ba va
bac hai, cdc chit tao phic cang - chelat (thiol, imino-diacetic, amino-
phosphonic...). M&i nhém chirc véi mot, hai hay ba ion c6 thé di dong va trao
ddi véi cac ion khac co mat trong dung dich [19, 20].

Céac dang khung khac nhau va mirc do ndi két khac nhau xac dinh d6 rong
mat ludi cia khung, kha ning truong nd, su chuyén dong cua cac ion di dong,
do ran va do bén co hoc cua nhya . Nhya cang c6 do ndi két cao thi cang ran
chic, cang bén vé co hoc nhung ciing it xop hon va it truong nd hon trong cac
dung moéi [1-4, 19, 20]. DPdi v6i loai hat nhya trao ddi ion thong thuong dang
gel, khung hiru co khong thdm nudc va khi cac nhom chirc duoc ion hoa thi
chtng 1am cho nuédc tran lan sudt khoi gel. Trong khi cac hat nhya trao ddi ion
x6p rong (c6 cau truc hat ciu khong gian — Spatial Globular Structure) lai duoc
tao ra voi cac 10 héng lién thong vdi nhau, tuong ty nhu mot miéng bot bién, vi
thé moi truong nude dé dang lap day cac 16 hong, giup khoang cach tir pha
nude dén cac nhom chie (nhém co cac ion trao d6i) duoc ngan lai dang ké [2].

Uu diém chinh cta céc loai nhya trao d6i ion hiru co tong hop 1a ching
c6 dung luong hap phu khéa cao, kha ning Gng dung rong rii, gia thanh twong
di thap so véi mot sb loai nhwra vo co tong hop [20].

Céc céu tric hoa hoc thong dung nhat ctia nhua trao d6i ion hitu co 1a:

- Polystyrene-divinylbenzen (DVB)
- Polymethacrylate-DVB
- Phenol-formaldehyde (PF)
Déi v6i cac polyme c6 cdu tric polystyrene - DVB va polymethacrylate -

DVB, bang phuong phap hoa hoc (sulphonat héa hay chlorinat hoa) ngudi ta da
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dinh cac nhom churc sulphonat (—SO;H) hay chlorinat (~CH,Cl) Ién mach vong
benzen, nhiam bién ddi cic polyme thanh nhwa trao ddi ion dang cation manh
hay anion manh tuong tng. Tuong tuy nhu vdy, cic polyme PF ciling duoc
nghién ctru dinh cdc nhém chirc axit 1én mach vong benzen cuia chudi phan tir

(Hinh 2-7) [18].

SOH H,CI

Hinh 2-7. Mb phong su bién ddi polyme PF thanh nhya trao ddi ion

2.5.2. Nhwa trao déi ion hivu co nhém polyme xép SGS

Ban than polyme PF di 14 nhya trao d6i ion hitu co dang axit yéu do c6
chtta cac nhom chirc (—OH) trén mach vong benzen. Mot loai polyme 1a san
pham trung ngung resorcinol - formaldehyde hién di duoc san xuat, khiang dinh
dic tinh va thir nghiém hiéu qua & An Do, My trong viéc thu hdi mot cach hiéu
qua Cesium phong xa khoi ba thai cia qua trinh xtr 1y kiém c6 chira ham luong
16n ion Na*. Trong méi truong kiém, cac nhom (—OH) bi ion hoa va co chirc
ning nhu vi tri trao ddi cation véi do chon loc cao d6i voi Cesium [11, 12, 20].

Sulfonat hoa phenol trudc khi tong hop polyme c6 thé lam ting d6 axit,
do vay nhua phenolsulphonic axit 1a nhya hai chic nang véi cd nhdom chire axit
manh (—SO;H) va axit yéu (-OH) [11], nhu loai SGS-81 trong Bang 2-2 [5].

Qua trinh dinh cdc nhom chirc 1én mach vong benzen con cé thé thuc
hién dong thoi cung lac hodc sau khi tong hop polyme. Su két hop giita thoi
gian, néng do axit va nhi¢t do tao nén mot loai polyme dugc dinh nhém chirc
cua axit turong ung 1€n trén bé mat cta cac hat cau, hinh thanh nhya cation dang
H' (Hinh 2-8)[7, 19, 20]. Cac loai nhya dugc dinh nhom chic (-SOs;H) da duoc
khang dinh tmg dung hiéu qua trong viéc tach cac kim loai nhom chuyén tiép

(Cu, Zn va Cd) khoi dung dich nuédce [7, 19, 22-25].
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HO HO -
—— CH CH, + H,SO04 CH

e

OH OH

v

Hinh 2-8. So db quy trinh sulfonat hoa

Pau nhimg nam 70 cta thé ky trude, Egawa va cac cong sy (Nhat Ban)
da tong hop mot sb loai polyme xdp SGS c6 dinh cac nhom chirc dihydroxy-
phosphino (-P(OH),) va phosphono (-H,PO3), dong thdi chirng minh duogc ring
chung c6 kha ning hip phu tdt uran tir nuéc bién ciing nhu hap phu chon loc
uran khoi céc ion kim loai khéc tir cac dung dich c6 do axit cao [26-28].

Tir cac két qua thuc nghiém da cong bd [25-30] c6 thé két luan rang
nhém chire phosphonat (—H,PO;) c¢6 do chon loc véi ion uranyl cao hon so véi
nhom chire sulphonat (-SO;H); ngoai ra, phosphonat hoa (qua trinh dinh nhom
chtrc (-H,PO5)) bang axit phosphoric H;PO, 13 phuong phép tét hon hin so véi
phuong phép dung phosphorous oxychloride POCl; [29].

2.6. Cac khai niém co ban vé qua trinh trao ddi ion
2.6.1. Khdi niém chung

Trao d6i ion 1a mot qua trinh trong d6 céc ion di dong tir dung dich bén
ngoai dugc hoan ddi voi cac ion di duogc lién két tinh dién voi cac nhom chirc
chtra bén trong mot khung rin va duogc biéu dién theo phuong trinh sau:

R-H + Me" <->R-Me + H

trong d6, R chi khung khong tan cia nhya trao ddi ion [20, 21].
2.6.2. Sw cin bang trao déi ion

Trong mot hé kin, phan tng trao doi ion s& dung khi su can bang duoc
xéac 1ap. Su can bang trao d6i ion dugc biéu dién bang hé s6 phan bd K, 1a ti sd

nong dJ cua ion quan tam gitta pha ran va 1éng:
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Kq=Cy/C (2-1)
Trong do,
Kq: hé s6 phan bd ctia ion quan tdm, [mg/g:mg/mL]
C,: ndng do ion trong pha ran tai thoi diém can bang, [mg/g]

C,: nong d6 ion trong pha 10ng tai thoi diém can bang, [mg/mL].

Cu thé hon, K4 duoc biéu dién bang cong thirc sau:
Ke=[(Cy/Ci))— 1] V/m (2-2)
Trong do,
V:  thé tich dung dich chua ion, [mL]
m: khéi lugng nhwa kho, [g]

C,va C;: ndng d6 dau va cudi cta ion trong dung dich, [mg/mL].

K4 thé hién dd chon loc cua nhya trao do61 ion va chiu anh hudéng ciua pH,

ndéng do ion ban dau trong dung dich [2, 11, 19, 20].

2.6.3. Dung lwong trao doi ion
Dé xac dinh dic tinh cua nhua trao doi ion, c6 hai thong s6 thuong duoc

dung: Dung luong trao d6i ion toan phan tinh va dung luong trao doi ion dong.

2.6.3.1. Dung lwong trao déi ion toan phan tinh Q,: Q, 1a tong sb ion c6 kha

nang trao ddi sin c6 trén mot don vi khdi lugng nhya kho, 1a dai lugng dac
trung cho mdi loai nhya trao doi ion. V&i nhya trao ddi cation, Q, duoc thé hién
bang meq H'/g (ham lugng nhém chirc) va xac dinh bang phuong phap chuin
do axit-bazo [19, 20].

Muc d6 dung dén Q, phu thudc vao muc ion hoa cac nhém chuc cua
nhya, vao cac diéu kién hoa hoc, 1y hoc cua qua trinh ion hoa do6 [16, 20]. Khi
tiép xtc v6i mot dung dich mudi ion kim loai trong diéu kién tinh, sy hdp phu
cta ion kim loai trén nhwra duoc biéu dién bang dung luong hip phu q, [ mg/g

nhua kho] va dugc tinh toan theo cong thirc:
q=(Co— Cj) - V/m (2-3)
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Trong do:

q: dung luong hip phu ion kim loai trén nhua, [mg/g]

V:  thé tich dung dich, [mL]

m: khéi lugng nhua kho, [g]

C,vaC;: néng dd dau va cudi cua ion kim loai trong dung dich,

[mg/mL] [11, 19, 24-26].

2.6.3.2. Dung lwong trao déi ion déng: Dung luong trao ddi ion dong duoc biéu

dién bang dung luong cot, 14 so thé tich riéng ciia binh, SV (specific volume).

Trong thao tac dong thi dung luong van hanh (operation capacity) hay dung

luong hiéu sudt (breakthrough capacity) 1a thong s6 duoc quan tdm nhat, do 1a

gia tri dung luong cot tmg véi hé s6 khir doc Dr cho trude, duge xac dinh trén
duong cong 16 [20].
2.6.4. Dong hoc va dong luc hoc

Pong hoc c6 thé bi anh hudng boi tinh chat ciia nhya, tinh chat ciia cac
ion d6i 1ap, muc d6 khudy trén, nong do cua cac ion doi lap,..v.v. Thyc té ching
minh rang, khi phan Gng trao d6i ion xay ra gita hat nhua va dung dich, ndng
do cac ion trong dung dich anh huéng manh dén co ché khuyéch tan giita hai

pha cua ion, do d6 anh hudng dén téc do trao doi ion (Bang 2-3) [20].

Bang 2-3. Anh huong ciia nong dg ion lén dong hoc trao déi ion

Nong dd ion (normal N) Co ché Kkiém soat toc dd phan vng trao doi ion
< 0,001 Khuyéch tan mang
0,001 - 0,3 Khuyéch tan mang va hat
>0,3 Khuyéch tan hat

2.7. Ung dung k§y thuit trao d6i ion d6i véi xir Iy nwéc thai phong xa
2.7.1. Yéu cdu déi véi nwdc thii dem xir Iy

Nhua trao d6i ion chu yéu thich hop dé xir Iy nudc thai dam bao cac tiéu

chuan sau:
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- Nong d6 tong cta cac chat ran lo limg trong nudc thai phai nho hon
4mg/L, dé tranh viéc cac chit ran lam ngd doc nhya.

- N@)ng d6 cac mudi tan thép, thuong it hon 1 - 2 g/L, dé tranh su kiét qué
nhanh chong dung luong trao d6i ion cua nhya.

- Céc nuclid phong xa can duoc bao vé ¢ dang ion thich hop dé dugc khir
bang trao ddi ion qua viéc chinh pH cua dung dich.

- Chi dugc chira mot luong rat nho chat ban hitu co vi chung s& giy ra ngd
doc nhya va sy mat mat dung luong hép phu.

- Khong chira cic hop chéit oxy hda manh nhu céc nitrat, vi ching c6 thé
gdy nén su phan hiy co xlc tac cia moi truong hiru co mot khi c6 mit mot sb

ion kim loai [8, 11, 20].
2.7.2. Thao tac tinh

Thao tac tinh 14 k§ thuat don gian nhét trong thao tic mot quy trinh trao
ddi ion, c6 thé dung véi méi trudng hitu co hodc vo co ma khong doi hoi thiét
bi phtrc tap, thuc hién ¢ nhiét do phong va ap suét khong khi. Ky thuat nay
duoc tng dung dbi véi viée xir Iy khong thudng xuyén, khong chuyén nghiép &
qui mo nho hodc vira (dudi vai tram lit) cac chét 1ong c6 néng d6 ion khong qua
thép (0,0005 - 0,15M/L) [20]. Khi dat dén trang thai can béng, nhua duoc tach
khoi chat 1ong bang cac ki thuat tach thong thuong: lang gan, loc hay ly tam.
Viéce xtr 1y ¢6 thé duoc 1p lai khi cho tiép vao mot lwong nhya nita [19, 20].

Nhuya trao d6i ion dang bot hay hat déu dugc dung trong k¥ that thao tac
tinh. So v6i nhya dang hat, nhwa dang bot 1y ra kho hon nhung lai c6 dién tich
bé mit 16n hon khi tiép xtic voi chat 16ng, két qua 1a téc do hap phu trén nhua
dang bot 16n hon va thoi gian dat dén can bang ngin hon [20].
2.7.3. Thao tac dong

Céach st dung nhua trao doi ion thong dung nhét 1a khi nhua dugc chira
trong binh dirng hoac c¢ot. Nhua ¢ dang hat hay vién ¢ kich thudc 0,5 - 2 mm,

¢ dang bot kich thude 5 - 150 pm. Thao tac dong dugc dung trong lam sach
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nudce 1am lanh thtr cp ciia nha may dién nguyén tir va xt Iy nude thai phong xa
c6 ndng d6 ion thap < 0,0005M/L [8, 20].

Thao tac dong la mot qua trinh ngat quing. Viéc xac dinh khi nao nhya
tré' nén bdo hoa dé thay vao mot ¢t nhua méi cin cir vao diém lot ion. TAn xuat
thay d6i d6 dugc quyét dinh bai dung luong twong ddi cua nhua di véi ion can
quan tdm va toc d6 dong ciia chét 1ong qua cot (spatial velocity, [SV/h]). Trong
thue té, nguoi van hanh hé cot trao d6i ion quan tim dén dung luong hiéu suit,
dugc xac dinh thong qua hé s6 khir doc (Dg — decontamination factor) trén
duong cong 10. Vi dy, néu yéu cau hé sé khir doc 13 100 thi binh nhya can phai

duogc thay thé khi do lot C/C, (breakthrough) dat dén 1%.

(C/C,)

Diem [o

v >
d ¢ DLHS SV
Thé tich dung dich ra

17 ¢ nong do ion kim logi trong dung
dich ra khoi cot so voi trong dung dich

vao

Hinh 2-9. Puodng cong 16

Puong cong 16 tiéu biéu (hay tién trinh nong d6 dung dich ra) dugc thé
hién trén Hinh 2-9 [19, 20]. Piém 16 bat dau tir diém ¢ va pham vi lot ting 1én
cho dén tan diém e khi khong con xay ra hién tuong trao ddi ion nita (lic nay
nhuya trao ddi ion dd bao hoa). Dung lugng hi¢u suit ti 1 thuan véi dién tich
abcd va dung lugng toan bo 1a vung aecd. Hinh dang cua dudng cong 16 va

dung lugng hi¢u suét (DLHS) phu thudc vao cac diéu kién van hanh cua mot hé
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ot nhu: kich thudc hat cta vt liéu trao d6i ion, toc do dong cua chat 1ong, kich

thudc hé cot va ca hé sd phan bd cua cac ion trao d6i trong hé dé [16].

Tom lai:

So sanh nhira SGS-NT8 (diéu ché thir ndm 2005) véi miu SGS-81 chung
t6i thdy rang: chung duoc tong hop ban dau tir hai loai din xuat resocinol khac
nhau (Bang 2.2) nhung déu chira nhém chitc (-SO;H); cac tinh chat héa 1y cua
ching c6 nhiéu diém twong doéng nhu: ciu tric mang gdm céc hat cau nho ndi
két nhu mang ludi danh cé, trén bé mat mdi hat cdu c6 nhiéu chidm nho li ti;
khong tan trong nudc, con, axeton, axit va bazo; déu c6 kha ning hip phu cac
jon Zn*", Cd*", Cu® va Ni*" [5, 24, 25].

Pi c¢6 nhidu cong trinh nghién ciru cong bd lién quan dén cac loai nhua
polyme x6p réng dugc dinh thém nhom chirc (-H,PO;), nhung chua c6 loai ndo
thudc loai nhua phenolic — formaldehyd [20, 25-30]. Do vay, viéc nghién ctru
diéu ché nhya SGS-NT8 c¢6 dinh nhom chtic (-H,PO;) nham xtr Iy nudc thai
chira ion uranyl ciing 1a mot van dé moi.

Mit khac, miu SGS-NT8 ctia mé tong hop thir nghiém khong gidng
SGS-81 hoan toan vé hinh dang ngoai va do ran xdp, hiéu suét phan tng dat
duoc rat thép. Do 1a do cac diéu kién thuc nghi¢m da dugc chon chi mot cach
tuong doi nhu: moi trudng axit, pH < 3; F/R > 1,5; T° phan tmg ~ 50°C, T° gia
nhiét ~ 130°C [24]. Vi thé can thiét phai nghién ctru k§ hon nita cac diéu kién
trong qua trinh tong hop SGS-NTS.

Két hop cac kién thirc thu duoc qua céc tai liéu tham khao véi cac muc
dich nghién ctru trong khuoén kho cua dé tai, chung t6i1 rat ra mot s6 két luan vé
tién trinh nghién ctru dé tai nhu sau:

1- Quy trinh diéu ché vat liéu hip phu polyme x6p SGS-NT8 (hay SGS-
NT8(H")) s& gom hai budc: a) Tong hop polyme xdp SGS-NTS tir resorcinol
(R) va formaldehyd (F) theo ti 1¢ mol F/R ~ 2,0:1 - 3,0:1, trong mdi trudong axit
hodc bazo; cac yéu td nhu: pH, nhiét 46 va thoi gian cia mdi giai doan phan

tmg anh huéng manh dén cac dic tinh 1y hoc cua polyme; b) Xir Iy héa hoc
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polyme x6p SGS-NTS8 thanh SGS-NT8(H") bang cach cho SGS-NTS tiép xtc
v6i axit H,SO4 hay H;PO,4 ¢ ndng d6, nhiét d6 va thoi gian nhat dinh.
2- Trong qua trinh diéu ché, mot sb tinh chat va thong s6 k¥ thuat co ban cia
polyme x6p SGS-NT8 va vat liéu hap phu polyme x6p SGS-NT8(H") can duogc
quan sat, danh gia va so sanh voi mau SGS-81 (Nga) [5] ma chung tdi c6 trong
tay, do la:

- Hinh dang ngoai: Khéi (vién) mau den

- Do bén twong ddi: Xop mém, dé cit bang dao sic, khong bé vun

- CAu trac mang: cac hat cau ndi két v6i nhau tai cac diém tiép xuc, tao cac

16 hong lién thong; nhidu cham nho 1i ti bam trén bé mat cac hat cau

- Kich thudc cac hat cau: 5 - 10 pm

- Kich thudc cac 16 hong: 5 - 15 um

- Do xbp: 85%

- Ham lugng nhom chire: 1,5 - 1,7 meq H'/g.
3- Khao sat kha niang hip phu ion uranyl UO,*" trong dung dich nghién ciru cta
hai loai nhya d3 diéu ché dugc, mot loai chira nhom chire (-SO;H) va loai kia
chtra nhom chuce (—H,PO;);
4- Khao sat kha nang tach uran khoi nude thai thuc cua loai nhya chira nhom
chtrc (—H,PO3);
5- Kiém tra d6 6n dinh cua quy trinh diéu ché da xay dung bang cach diéu ché
mot lugng twong ddi hai loai nhua trén trong diéu kién phong thi nghiém, cac

san pham duogc kiém tra, danh gia theo cac chi ti€u néu & diém 2 trén.
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PHAN 3 - NGHIEN CUU, THU'C NGHIEM

3.1. Hoa chit, dung cu, thiét bj thi nghiém

Héa chit:

- Céc axit vo co: HCI, H,SO,, H;PO, ¢ dang dac va dung dich loang.
- Cac chat kiém, bazo: NaOH. NH,OH & dang dung dich dic va lodng
- Resorcinol dang ran

- Dung dich 37% formaldehyd

- Céc hoa chat khac: H,O,, EDTA va céc chat chi thi...

Déu co xuat xur tir Trung Quoc va do sach phan tich.

Dung cu, thiét bi:

1/ Dung cu thuy tinh: Coc thuy tinh chiu nhiét céac loai, céac 6ng dong, binh
dinh mrc, phéu loc, cot trao ddi ion ...

2/ Khuén: Céc loai khudn dng bang nhya, bang i-ndc ¢ kich thudc 28 mm x 60
mm, ca i-ndc cé nap kich thudc 80 mm x 80 mm va 100 mm x 100 mm.

3/ Thiét bi: Bé on nhiét c6 may bom tun hoan, may khudy c6 can, ti siy, kinh

hién vi soi nd6i LABOMED.

3.2. Nghién ciru lwra chon phwong phap tong hop polyme SGS-NT$

?H OH
|
o HoH }
_|_
2 H, TO, t CH2 CH2 n
OH OH
Resorcinol Formaldehyd Polyme resorcin-formaldehyd
(SGS-NT?)

Hinh 3-1. So d6 tong hop polyme SGS-NT8
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Trén co s cac tai liéu nghién ctru da cong bd dugc tom tit trong PHAN 2
va can ct So dd qui trinh tong hop polyme biéu dién trén Hinh 3-1, chung t6i
chon ra mot s diéu kién phan tng can giit khong ddi, trong khi mot sé diéu
kién khéc can thay doi gia tri trong mot khoang nhat dinh khi thue hién mot loat
cac thi nghiém, nham nghién ctru anh hudng cua chung dén qua trinh didu ché
nhya SGS-NTS, tir d6 x4c dinh duge cac diéu kién cho quy trinh diéu ché, cu

thé nhu sau:

Céc diéu kién khong thay ddi:

1- Cac chat chinh tham gia phan tng: resorcin (R) va formaldhyd (F)
2- Nhiét dd cua phan tng cong hop (T°cy) va dong dac (Tp): 60 + 5°C
3- Phan tmg dong dic thuc hién trong moi trudng axit yéu: pHpp~ 5

4- Thoi gian gia nhiét (tgy): 15 - 16 gio

Céc diéu kién thay ddi (can khao sat):

1- Ti 1é mol toan phan F/R > 2,0:1 dén 3:1

2- Loai chat xuc tac, pH trong giai doan cong hop (pHcn):
- néu 1a bazo (NaOH, NH,OH), pHcyy =8 - 9
- hoac axit (H,SO4, HCl), pHecy =1 -4

3- Thoi gian phan Gmg cong hop (tcy) thay d6i tir 1 - 2,5 gid

4- Thoi gian phan ng dong déac (tpp) trong khoang: 30 - 120 phut

5- Nhiét d6 gia nhiét (T°gx): 80 - 150°C.

Chung t6i d4 tién hanh hai thi nghiém diéu ché polyme tir R va F trong moi
truong kiém va moi trudng axit voi cac diéu kién twong umg gidng nhau.
Phuong phap diéu ché ndo cho ra san pham gan gidng vi mau ddi chimg nhét
thi sé duoc lua chon.

3.2.1. Tong hop polyme SGS-NT8 trong méi trwong kiém

Resorcinol tdc dung voi formaldehyd (37%) véi ti 1€ mol F/R = 2,5:1
trong 100 mL nudc, dung kiém chinh pH ctia hén hop dén ~ 8 - 9, nhiét d6 ~
35°C. Khuay hon hop phan tng dong thoi ting dan nhiét d6 1én 60°C va giir
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hén hop & nhiét d6 nay trong vong 1 gio tiép theo. Sau d6 chinh pH ~ 4 - 5 va
khudy cho dén khi trong cdc xuat hién khéi gel trong (~ 50 phit), giit & 100°C

qua dém. Mau san pham ky hiéu Rs.
3.2.2. Tong hop polyme SGS-NTS8 trong méi truong axit

Resorcinol tac dung voi formaldehyd (37%) theo ti 1€ mol F/R = 2,5:1
trong 100 mL nudc, dung axit chinh pH ctia hdn hop ~ 1 - 2, nhiét do ~ 35°C.
Khudy hén hop phan g dong thoi ting dan nhiét d6 1én 60°C va giit hdn hop
& nhiét do nay trong vong 1 gio tiép theo. Sau d6 chinh pH = 4 - 5, khudy tiép
cho dén khi trong hdn hop Xuat hién nhiéu hat den min, gitt & nhiét d6 100°C
qua dém. MAu san pham ky hiéu Nv.

3.2.3. So sanh hai méu sin phdam Rs va Nv véi SGS-81 (Nga)

Hai mAu san pham Rs, Nv va mAu nhua d6i ching SGS-81 duoc soi trén
kinh hién vi soi n6i LABOMED d¢ nhan dang va so sanh véi nhau xem mau san
pham nao ¢ nhiéu dic diém gan gidng v6i mau SGS-81 nhat, theo d6 s& chon

phurong phap tong hop polyme SGS-NTS ( méi truong axit hay bazo).

3.3. Nghién ciru 4nh huwéng cia cac di€u kién phan &ng den mét so tinh

chit 1y hoc ciia SGS-NTS tong hop trong mdi trudng axit

3.3.1. Tong hop polyme SGS-NT8

Phan tmg tong hop SGS-NT8 duoc thuc hién trong cbc thuy tinh chiu
nhiét 500 mL dit trong bé 6n nhiét ¢6 lip can khudy. Resorcin (R) hoa tan trong
nuéc tic dung véi formaldehyde (F) véi ti 16 mol ban dau F/R < 1 trong mdi
truong axit co pH nhat dinh (1; 2; 3 va 4) tir nhiét do ban dau 35°C. Tang dan
nhiét do hon hop phan ung va gitt & 60°C trong cac khoang thoi gian duoc chon
(1; 1,5; 2 va 2,5 gid). Sau khi chinh pH vé méi trudng axit yéu cho thém F, thay
d6i ti 18 F/R toan phan (2,0:1; 2,5:1; 2,70; 2,75:1 va 2,9:1), khudy hdn hop phan
tmg thém mot khoang thdi gian nhat dinh (0,5; 1; 1,5 va 2 gid) trude khi gia
nhiét (80, 100 va 120°C) qua dém (khoang 15 - 16 gio).
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Sau mdi thi nghiém san pham dugc can kiém tra hiéu suat phan tng, so
sanh voi mau SGS-81 vé hinh dang ngoai bang tric quan; kiém tra hinh thu cdu
trac trén kinh hién vi soi n6i LABOMED, khi thdy can thiét miu tiép tuc duoc
dem di chup SEM va tro thanh cac d6i tuong nghién ciru xac dinh céc dic tinh
Iy hoc va hoa hoc tiép theo.

3.3.2. Phwong phap nghién ciru

Biang phuong phép loai dan c6 dién: thyc hién phan ung tong hop SGS-
NT8 khi chi thay d6i gia tri cia mot thong sb6 anh huong trong khi gitr ¢d dinh
cac thong sb anh hudng khac dé chon ra gia tri toi wu cta thong s thay doi. Lan
lugt nhu vay s€ chon duoc cac gid tri hodc khoang gia tri tdi wu cua tung thong
s6 anh huéng. Cubi cing, két hop cac gia tri t6i vu d6 dé tim ra quy trinh téng

hop SGS-NTS thich hop.

3.4. Phwong phap xac dinh mét s6 dic tinh 1y hoc co ban ciia SGS-NTS

3.4.1. Xdc dinh higu sudt phdn irng

Hiéu suét cua phan tmg tong hop polyme SGS-NTS8 duogc hiéu 1a phan
tram san pham thu dugc so voi tong khdi lugng rin cac chat tham gia phan tng
tinh theo can bang vat chat va tinh theo cong thirc:

N=My/M;) - 100 (3-1)

Trong do,

N:  hiéu suat phan tng, hay con goi 1a hiéu suat san pham, [%)]

\Y . khéi lwong san pham (polyme) thu dugc, [g]

M,: khéi luong cac chét (rdn) tham gia phan tng, [g].

3.4.2. Xdc dinh dp bén twong doi

Do tinh chét dic thu cua vat liéu polyme xdp dung trong xir Iy cc chat
long 1a déu co do xép nhét dinh, nhe, c6 thé cét got gia cong dé dang [1, 2], nén
cac san pham dang khéi duoc kiém tra do ran chic bang cach so sanh don gian
v6i mau ddi chimg khi cat thir ching bang dao séc.
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3.4.3. Ciu trisc mang

Cac mau san phém SGS truéde tién duge kiém tra dang thu hinh trén kinh
hién vi soi n6i LABOMED véi d6 phong dai 40X. Cac mau san pham thich hop
sau d6 dugc dem di chup SEM (Trung tdm Panh gid hu héng vat li¢u, Vién
khoa hoc vat li¢u).
3.4.4. Kich thwéc hat va kich thwdc 16 hong

Kich thudc hat két cua cac mau SP dang bot duoc xac dinh trén May do
phan b cap hat lazer hodc b ray ludi cua My (C6 tai Vién CNXH).

Kich thudc cac hat cau nho va kich thude 16 hong cua cac miu nhya

dang bot hodc dang khéi duoc xac dinh trén anh chup SEM.

3.4.5. Dj xép

DPoi voi cac san phém dang dong khoi, do xép tuong ddi ctia nhya duoc
xac dinh theo phuong phép khéi lwong theo trinh ti sau: Can vién nhya hinh try
(1=2-3cm; D=28-3 cm.) sau khi d3 sdy kho & 120°C trong 2 h, ngdm
trong cdc nudc cat cho dén khi vién nhwa chim sat day cdc (2 - 3 ngay), vt ra
dé vira rdo trén ludi thép (3 phat), can khdi lugng nhya uot. Do xép duoc tinh
theo cong thurc:

P = [(m, —my)/my]-d - 100 (3-2)

Trong do,

P: phﬁn tram thé tich cac 16 héng tinh theo mot thé tich nhya kho, [%]

m,m,:  khdi luong vién nhya khi kho va uét, [g]

m, - my=m,~ V, (thé tich luong nudce ngém = thé tich 15 héng, [cm3 1)

d: khéi luong riéng cua vién nhya kho, [g/cm’] [3].

3.4.6. Xdc dinh dung lwong trao doi cation toan phan tinh

Phurong phdp chudn dd axit — bazo:

Cho vao binh tam giac Erlenmeyer 250 mL c6 nut day 0,5 g SGS-NTS
(H") va 100 mL dung dich IN NaOH, hdn hop duoc dé yén ¢ nhiét d6 phong
(25 - 30°C) trong 48 gio, thinh thoang lic 1én. Dung luong trao doi cation toan
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phan tinh (Q,) cua nhua dugc tinh toan tir ndéng do NaOH con lai trong dung
dich bén trén hon hop.

3.5. Xir Iy hoa hoc SGS-NTS8 thanh nhuwa trao doi cation SGS-NT8(H")

Can tr 3 - 5 g mau SGS-NT8 phu hop vao cde thuy tinh chiu nhiét 150 -
200 mL, cho tiép xuc véi dung dich axit H,SO,4 hoac axit H;PO4 ¢6 néng do tur
1,5M - 7,5M, & nhiét do thay doi trong khoang 80 - 120°C, trong cac khoang
thoi gian 1 - 4 gio. Sau d6 hdn hop dugc dé ngudi, gan rira bang nude (ké ca
trung hoa bang dung dich 0,1N NaOH) cho dén hét luong axit du, sdy kho & 80
- 90°C. Luc nay polyme SGS-NT8 di dugc chuyén thanh nhya trao doi cation
dang H' voi cac nhom chitc duoc dinh theo 1a (-SO;H) hay (-H,POs); ky hiéu
1an lugt SGS-NT8(SH") va SGS-NT8(PH").

Nhitng gia tri cia ndng do dung dich axit (Cy), nhiét 46 (T°), thoi gian (t)
tmg vé6i gid tri Q, cao nhit, dugc chon 1a diéu kién toi wu trong bude xt 1y hoa

hoc SGS-NTS.
3.6. Khio sit kha ning hip phu UO,” trong dung dich nghién ciru ciia
SGS-NT8(H")

3.6.1. Phwong phap xdc dinh uran

Héa chét thi nghiém:

Dung dich NaOH 50%, dung dich H,O, 20%, dung dich uran chuan chua:
0,5;1; 1,5va2,0 mg U /mL & dang ion U0 trong moi truong H,SO,.

Nong d6 uranyl trong cic mau nudc ciia quéa trinh nghién ctu duoc xac
dinh theo phuwong phap do mat o hap thy anh sang ctia phirc mau dugc tao giira
UO,*" va H,0, trong méi truong kiém, & bude séng A = 375 nm trén may UV-

1601 hi¢u Shimazhu (Nhat Ban), c6 tai Trung tdm cong nghé Vat li¢u.

Xay dung duong chudn:

Lay vao mdi coc thity tinh thé tich 100 mL mét luong dung dich uran
chuin ung lan luot voi 0,5; 1,0; 1,5; 2,0 va 2.5 mg U6+, trung hoa dén pH trung
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tinh. Sau dé cho thém vao mdi céc 5 mL NaOH 50% va 1 mL H,0, 20%, khudy
manh ~ 1 phut, sau d6 chuyén hdn hop sang binh dinh mirc 50 mL rdi dem do
mat d6 quang. Puong chuan thé hién gia tri mat 46 quang 1a ham sb tuyén tinh
ctia nong do Ut trong dung dich thu dugc ludn c6 d6 chinh xac cao, v6i hé sd

k=0,998.

Xdc dinh U** trong cac dung dich cua qua trinh thi nghiém:

Khoang 3 - 5 mL dung dich chta 1,0 - 1,5 mg U®" duogc cho vao cdc thiy
tinh 100 mL va cac budc tién hanh tiép theo dugc thuc hién tuwong tu nhu d6i
v6i mau do dé xac dinh dudng chudn & trén. Voi mot sb mau qua lodng hodc
can thiét kiém tra két qua d6i chuing, nong d6 U*" dugc x4c dinh bang phuong
phép ICP — MS (Trung tam Phén tich, Vién CNXH).

3.6.2. Khdio sit khd néing hép phu trong diéu ki¢n tinh

Dung lugng hép phu UO,*" cua nhya SGS-NT8(H") duoc x4c dinh bai
Su can béng gitta nhya véi1 dung dich chira U022+ trong cac diéu kién tinh nhat
dinh. O nhiét d6 phong, cho 0,5 g RF-SH' hay RE-PH" dang bot khé (hat két co
kich thudc trung binh 0,125 - 0,147 mm, 100/120 mesh — ASTM) tiép xuc voi
50 mL dung dich c6 nong do UO,>" nhat dinh (0,370; 1,041; 1,852; 2,741; 3,70;
4,444 va 6,667mM, tuong ung: 0,1; 0,28; 0,5; 0,74; 1,0; 1,2 va 1,8 mg
UO,*' /mL; riéng v&i thi nghiém khao sat anh huong cua pH, dung dich c¢6 ndng
d6 0,01M tuong tng 2,7 mg UO,*"/mL) trong méi truong H,SO,, ¢ pH xéc
dinh (2; 3; 4; 5; 6; 7 va 8), hén hop thinh thoang dugc l4c 1én. Sau mot khoang
thoi gian nhat dinh (10; 30; 60; 90; 120 va 150 phut) xac dinh ndng do UO,>"
con lai trong dung dich, tir d6 tinh toan dung luong hap phu UO,> cta nhua q
[mg UO,*/g] theo cong thirc (2-3). Pai luong q duoc khao sat nhu mot ham sb
cia pH, néng d6 UO,>" ban dau (C,) va thoi gian tiép xtc cia dung dich véi
nhua (t). Hé s6 phan bd K, cua UO,*" trén hai loai nhua duoc khéao sat voi dung
dich ¢6 C, khac nhau (0,1; 0,281; 0,3435 va 0,5 mg U022+/mL); tai thoi diém

can bang, K4 dugc tinh toan theo cong thirc (2-2). Trong cung mdt diéu kién thi
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nghiém, loai nhya ndo c6 gia tri hé sé phan b Ky cao hon sé& c6 kha ning hap
phu UO,*" t6t hon [2]. Sau mdi ddy thi nghiém, luong UO,”" hip phu trén nhya
duogc rira giai bang dung dich chira 10 g Na,SO, trong 1 1it 2M H,SO, va nudc.
Tir cac két qua nghién ctru trong diéu kién tinh ta chon ra loai nhua c6
kha ning hip phy ion uranyl tot hon, ddng thoi chon cac diéu kién tbi wu ap
dung cho budc nghién ctru trong diéu kién dong nhu: pH; nong do ion uranyl

ban dau, thoi gian luu dung dich trén loai nhwra do.

3.6.3. Khdo sdt kha niang hdp phu trong diéu kién dong
Chudn bi ¢ét nhwa: Chon vién nhua SGS-NT8(PH") dang hinh tru (¢ = 1,8cm,

[ =285 cm), cb khéi lugng 2,945 g, d = 0,386 g/cms. Sau khi ngdm truong
trong nudc, nhya dugc nap vao ¢t trao ddi ion 1am béng thuy tinh (¢p = 1,8 cm,
[ =20 cm, tiét dién S = 2,5434 cm?, dau dudi co van), vién nhua chiém thé tich
7,6 mL cta cot. Trude moi thi nghiém, & nhiét d0 phong, 20 mL dung dich
H,SO,4 c¢6 cung ndng dd voi dung dich uranyl nghién ctru sé& duge doi qua dé
dam bao d6 6n dinh cta cot nhua. Nhya duge tai sinh béng cach ddi qua cot
20mL dung dich 1M H,SO, sau d6 rira bang nudc cat dén trung tinh.

3.6.3.1. Khdo sdt dung liong trao déi ion déng: O nhiét d6 phong, cho ddi qua
cOt nhya 250 - 550 mL dung dich chua U0 voi néng do nhat dinh (0,185;
0,370; 0,556 va 0,741mM) trong méi trudng H,SO4 c¢6 pH ~ 5 voi téc d6 dong
xac dinh (2,4; 3,1; 4,0 va 5,5 SV/h). Xac dinh néng do U0,** trong ting phan

doan 20 mL dung dich chay qua cot. Lap do thi cac duong cong 16 thé hién mbi
lién hé gitra ti 1& ndng d6 UO,>" trong dung dich ra va ndng d6 UO,”" ban dau
(C/C,) v6i dung lugng cot. Gia tri C/C,= 0,5 (tng vo1 Dg = 50) duogc chon lam
muc dich dat dugc trong nghién ctru thao tac cot cua dé tai nay. Can cur vao
hinh dang céc duong cong 16 ciing nhu dung luwong hiéu suat dé danh gia anh
hudng cia C, va téc d6 dong (v). Sau mdi thi nghiém, lugng UO,>" hp phuy trén
nhua dugc giai hép bing dung dich 10 g Na,SO, trong 1L 2M H,SO,.

3.6.3.2. Khdo sdt diéu kién rira gidi: Diéu kién giai hap UO,”" khoi cot nhua
SGS-NT8(PH") duoc khio sat véi ba dung dich chira 10 g Na,SO, lan luot
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trong: 1L nudc cit, 1L 1M H,SO, va 1L 2M H,SO, theo trinh tu sau: MOoi
50mL dung dich c6 C, = 0,15 mg UO,*"/mL cho chay qua cot nhya (3.6.3.) voi
v = 3,1 SV/h (0,4 mL/min), xac dinh lugng UO,>" con lai trong dung dich chay
qua cot. Luong UO,”" hip phu trén nhua duoc giai hip bang mét trong 3 loai
dung dich trén, sau do rira bang nudc véi nhitng luong it nhét, véi v=1,2 SV/h
(0,15 mL/min). Thu dung dich giai hap va nudc rira vao binh dinh muc dé xac
dinh luong UO,*" dugc rira giai, tir 6 tinh hiéu sut ria giai Nre theo cong thirc:
Nrg = (Mg /my,) - 100 (3-3)
Trong do,
Ne: hiéu suit rira giai, [%]

Mpp, VA My khoi lugng U0 hép phu va dugc rua giai, [mg].

3.6.3.3. Khdo sdt kha ndng tdi sinh ciia SGS-NT8(PH'): Dé khang dinh kha

nang st dung nhiéu 1an cua nhya SGS-NT8(PH"), chu trinh hip phu - rira giai
UO,*" duge 1ap lai mot sé 1an trén cot nhwra (2.6.3.), sau 3 chu ky lién tiép nhya
lai dugc tai sinh theo trinh tu: D61 25 mL dung dich c6 C, = 0,15 mg UO,*" /mL
(m, = 3,75 mg U0 ), moi truong H,SO,4, pH = 5 qua cdt voi v = 3,1 SV/h,
dam bao toan bo luong U0 trong dung dich duogc hép phu trén cot. Sau do
giai hap UO,”" bang 45 mL dung dich 10 g Na,SO,+1L 2M H,SO, va rira bang
50 mL nudc cit véi v = 1,2 SV/h. Tinh hiéu suét thu hdi UO,>" cua nhya cho
mdi chu trinh theo cong thirc:
N = (m, /m,) - 100 (3-4)
Trong do,
ne:  hiéu sudt thu hoi UO,™ trén cot nhua, [%)]

m, vam,:  khdi luong UO,*" hap phu ban dau va duoc rira giai, [mg].

3.7. Khao sat kha ning taich UO,”" khéi nuéce thai thue trén cot nhwa SGS-
NT8(PH")

2 lit nuoc thai chira UO,SO,4 (do Trung tdm Coéng nghé xur ly quang -
VCNXH cung cip) c6 pH ~ 1. Sau khi nuéc thai duge trung hoa va loc loai bo
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hydroxid ctia phan 16n uran, st va cac kim loai khac, cho nuéc 6t da chinh pH
vé 6 (chon pH 6 do khia canh kinh té) chay qua cot chira 1 g nhua SGS-
NT8(PH") (V= 2,58 mL) da duogc chuyén sang dang Na', véi v= 0,4 mL/min.
Nong d6 mot sd nguyén té trong nude thai trude va sau khi chay qua cot nhura
duoc xac dinh bang phuong phap ICP-MS, tir d6 tinh toan hiéu suat tach theo
cong thirc:
n.=[(Co— Cy) /C,] - 100 (3-5)
Trong do,
ne  hiéu suit tach UO,*" trén cot nhua, [%]

C,, C;: n6ng do UO,*" trong nudc thai trude va sau khi qua cot, [mg].

Hé s6 phan bd Ky cuia mdi nguyén té duoc tinh toan theo cong thirc (2-2).
Duya vao gia tri cia hi¢u suét tach N va hé $6 phan bd K4 dé nhan biét kha nang

tach ctia nhwra ddi v6i timg nguyén t6 c6 mit trong dung dich.

3.8. Khao sat dd 6n dinh ciia quy trinh diéu ché SGS-NT8(H")

Sau khi d& khao sat kha nang hap phu uranyl trong dung dich nghién ctru va
nudc thai thyc cta loai nhya thich hop, budc cudi cung s€ la diéu ché thtr mot
luong dang ké (01kg) loai nhwa d6 theo ding cac diéu kién dd xac dinh trong
quy trinh diéu ché nhung ¢ mutc d6 thi nghiém 16n hon. Cac mé san pham
polyme SGS-NT8 dugc so sanh véi miu polyme duogc cho 1a gidng mau SGS-
81 nhat (3.3.1.), cac mau san pham SGS-NT8 sau xur 1y hoa hoc duoc so sanh
v6i cac mau nhya da 1a ddi twong nghién ciru kha ning hap phu ion uranyl
(3.6.). Cudi cung, chon mau san phdm SGS-NT(SH") va SGS-NT(PH") bat ky

gtri chup anh SEM, kiém tra kich thudc cac hat cau va kich thude cac 16 hong.
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PHAN 4 - KET QUA VA THAO LUAN

4.1. Lwa chon phwong phap tong hop polyme SGS-NTS$

Bang mat thuong nhan thay: mau Rs 13 mot khdi rén chic, mau den bong,
khong thé dung tay dé bop vun ma phai dung chay cbi kim loai méi co thé gia
nghién thanh cac manh va hat nho. Trong khi do, mau Nv & dang bot 14n két
khéi, xép nhe, mau nau den. Tiép theo, cac mau Rs, Nv va SGS-81 dugc soi
chup trén kinh hién vi soi ndi hiéu LBOMED véi d6 phong dai 400 1an. Cac dic

tinh nhan biét cua cdc mau dugc dua vao Bang 4-1.

Bang 4-1. Cac dac tinh cua Rs, Nv va SGS-NTS8

Tén gil%e?ltli:?; Hinh Mau P bén Céu tric soi trén
mau A dang sac | twong doi LABOMED
phan ung :
A& D@ cit Cac hat nhdo ndi két
Khoi xo6p, X A A . 1X
SGS-81 | Nga (SNG) X Den bang dao | chong 1én nhau, cac 10
hat ket z 2 2 1iA A
sac hong nho lién thong
. .»_ | Cac hat nho ndi két véi
Rs Kiém Khéi rin Pen | Kh6 nghién nhau, cac 16 héng bi bit

bong | thanh hat kin bang chat gel bong

N Cég: hat nho ndi ké~t
D€ bop vun | chéng 1én nhau, cac 16
hong nhd lién thong

Khoi x0p, | Nau

Nv Axit hat két den

Tir Bang 4-1 ¢6 thé thay: miu Nv c6 ddc diém vé hinh dang ngoai va hinh
thai cu tric gan gidng véi miu SGS-81 hon so voi mau Rs. Do vdy ching toi
chon phuong phap tong hop polyme SGS-NTS trong méi truong axit nhu So dd
diéu ché vat liéu hap phu polyme x6p SGS-NT8 trén Hinh 4-1.

4.2. Anh huéng ciia cac diéu kién phan ing dén mét so tinh chét 1y hoc cia
SGS-NTS tong hop trong mdi trudng axit
Trong qué trinh tién hanh thi nghiém nghién ctu lya chon phuong phap
tong hop polyme SGS-NT8 & trén, chung t6i nhan xét rang: vi 1y do kinh t& va

an toan trong thao tic ciing nhu cho thiét bi, gitra hai loai axit H,SO4 va HCI,
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chtng t6i da chon HCI lam chat xtc tac cho phan tmg tong hop SGS-NTS, con
cac dung dich loang NaOH va NH,OH dugc dung lam tac nhan trung hoa trong

qua trinh phan tng.

OH T OH 5—1
axit o
@OH ’ I‘E:O F/R<1, @(i o

T t HO
Novolac
Resorcinol ~ Formaldehyd Monome.thylol
resorcinol
H I|{ H I|{ | 1|{ OH I|{ OH
éﬁ %03? OO ¢
H H H H H
HO HO HO H

/xn yéu, t.n.k.ndi,
F/R, T° t  Pht trién phan tir, n6i két mang ran

Polyme SGS-NT8

Hinh 4-1. So d6 tong hop polyme xdp SGS-NTS trong méi trudng axit

4.2.1. Anh hwéng ciia ti 1¢ mol F/R

Béang 4-2. Anh hwong cua F/R dén cac dac tinh va hiéu sudt ciia SGS-NTS

Tén | Tilé mol , Kich thuéc
x ; Hinh dang, mau sac N [%] trung binh
mau F/R : z
hat két [pm]
S1 2,00 Bot min, mau dé 83,2 -
S2 2,50 Bot min, mau do 85,1 -
S3 2,70 Bot, khéi xdp d& v& vun, nau do 59,2 80 - 100
S4 2,75 Bot, khdi x0p dé v& vun, ndu do, | 68,5 50 - 100
S5 2,90 Bot, khdi xdp dé v& vun, ndu 68,1 80 - 150

PHer=2; teg= 1,5 h; Tcyrpp = 60£°C; pHpp =5, tpp=1 h; ten=15 - 16 h; T’y = 100°C;
F/R (2,0:1; 2,5:1; 2,70:1; 2,75:1 va 2,9:1).

Cac két qua thyc nghiém duoc liét ké trong Bang 4-2, céac diéu kién thi
nghiém duoc tom tat phia dudi Bang 4-2. So sanh cac két qua trong Bang 4-2
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cho thay: ti 16 mol F/R anh hudng rd rét dén hinh dang, mau sic va kich thudc
hat ctua san phém (SP). Véi F/R tir 2,0:1 dén 2,5:1 cac mau san phém thu duoc
S1 va S2 déu & dang bdt min, mau dd, khac xa vdi hinh dang va mau sic clua
SGS-81; trong khi S4 va S5 voi F/R = 2,75 va 2,9 déu c6 hinh dang va mau séac
gan gidng véi SGS-81 hon, khi san phdm vira & dang bot vira & dang khdi, tuy
khéi bo dé v& nhung lai ¢6 mau nau dé. Do miu S4 c¢6 kich thudc trung binh
cac hat két nho hon va hiéu suat san pham (N, [%]) nhinh hon so v&i S5 nén ti

18 F/R =2,75:1 ctia S4 dugc chon dé thuc hién céc thi nghiém tiép theo.
4.2.2. Anh huéng ciia pH trong phan ting cong hop
Céc diéu kién va két qua thuc nghiém duoc liét ké trong Bang 4-3.

Béang 4-3. Anh hwong cua pHcy dén cac dac tinh va hiéu sudt ciia SGS-NTS

Tén ] Kich thuéc
x PHcu Hinh dang, mau sac N [%] trung binh
mau )4
hat ket [pm]
S4-1 1 Voén cuc déo, den - -
S4-2 2 Bot, vién x6p dé v& vun, ndu do 68,5 50 - 100
S4-3 3 Bot, khdi x6p, nau sim 78,5 50 - 100
S4-4 4 Bot, khdi xdp, nau sim 60,3 50 - 80

F/R =2,75:1; tcy= 1,5 h; Tc+pp = 60+°C; pHpp =5, tpp =1 h; tex = 15- 16 h;
T’on= 100°C: pHey (1:2: 3: 4).

Thuc té cho thay thi nghiém phan ung tong hop SGS-NT$ trong diéu
kién axit manh (pH = 1) khong thanh cong. Ngay khi mdi cho dugc /2 luong da
dinh dung dich HCI (1:1) vao hdn hop phan Gng di thay xuét hién gel bam vao
canh khudy, sau d6 von thanh cuc déo, mau den. Thi nghiém phai nging sau
khoang 15 phut do can khudy bi dao manh khong thé tiép tuc.

Mau S4-3 va S4-4 v6i pH 3 va 4 c¢6 hinh dang va mau sic gan v6i SGS-
81 hon so véi mau S4-2. Mic du kich thudc trung binh hat két cua S4-4 nho
hon so véi ctia S4-3 (50 - 80 pm so v6i 50 - 100 pm) nhung hiéu suit san pham
ctia S4-3 lai cao hon han so v&i S4-4 (twong tng 78,5% va 60,3%). Do vay méi

truong axit pH = 3 dugc chon dé thuc hién cac thi nghiém tiép theo.
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4.2.3. Anh hwéng ciia thoi gian trong phdn irng céng hop

Béng 4-4. Anh hwong cua tcy dén cac dac tinh va hiéu sudt ciia SGS-NT8

Tén ) Kich thwéc

x tcn [h] Hinh dang, mau sac N [%] trung binh
mau X

hat ket [pm]

SM-1 1 Bot, khdi min, do 56,7 5-10
SM-2 1,5 Bot, khdi x6p, nau sam 68,5 50 - 100
SM-3 2 Bot, khéi xp, nau sam 80,4 50 - 80
SM-4 2,5 Bot roi rac, niu sim 95,0 100 - 200

F/R=275:1; pHCH: 3; ECH+BD = 602|:0C,' LH@:_.S, top=1h; IgNn= 15-16h
TOGN: ]OOOC,' ICH(],‘ 1,52, 25 h)

Cac diéu kién va két qua thuc nghiém liét ké trong Bang 3-4 cho théy:
Thoi gian phan tng cong hop (tey) cang lau thi san pham thu duoc c6 khdi
luong phan tir cang 16n, nhung dén mot giéi han nhat dinh (2,5 h) chung lai
khong két dugc thanh khdi ma co xu hudng roi rac. Cing véi su gia ting tey,
kich thuéc hat ctia san pham ciing ting; nhung véi mau SM-3 sy phan bd kich
thuéc hat chum hon so v6i SM-2 va SM-4, mic du hiéu suit SP cua SM-3
khong cao bang ctia SM-4. Thoi gian thich hop cho giai doan cong két 14 2 gio.
4.2.4. Anh hwéng ciia thoi gian trong phén ieng dong dic

Céc diéu kién va két qua thuc nghiém liét ké trong Bang 4-5. tpp 1 thoi
gian ndi két cac tién polyme co trong lugng phéan ti nho hodc vira dé hinh thanh
cac mach polyme c6 cau triic khong gian va giai phong nuée. Theo do, véi thoi
gian 0,5 h— 1,0 h, c4c tién polyme chi du thoi gian ndi két mot sé it phan tir v6i
nhau nén SP-1 va SB-2 c6 dang bt ro1, mau do.hoac niu. Hi¢u suét SP dat gia
tri thap nhat do cac thanh phan tham gia phan tng con ¢ dang tu do nhiéu va bj
méat mat trong budc gia nhiét tiép theo. Nguoc lai, vdi thoi gian 2 gio, mau SPb-
4 ciing & dang bot roi nhung c¢6 mau nau sim. D6 1a do cac tién polyme ndi két
duoc nhiéu phan tir v6i nhau nhat, dén mic khong con du tac nhan ndi két dé
két ching thanh khdi trong budc gia nhiét. Do vay, mac du c6 hiéu suét SP cao,

mau sic gan giong voi SGS-81 hon nhung hinh dang SP-4 lai khac xa.
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Bang 4-5. Anh hwong cua tpp dén cac dac tinh va hiéu sudt ciia SGS-NTS

;flz'l‘l tpp [h] Hinh dang, mau sic P [%] N [%]
Sb-1 0,5 Bot roi rac, do - 20,7
Sb-2 1,0 Bot roi rac, d6 nau - 55,5
SP-3 1,5 Bot 11, khéi x0p, nau sim 66,0 80,4
Sb-4 2,0 B6t 101 rac, ndu sim 88,0 88,0

F/R=2,75:1; pHcy= 3, tcu=2 h; T’ cu+pp=60%"C; pHpp= 35, teon=15 - 16 h;
Ton=100°C: top(0,5: 1: 1,5: 2 h).

Theo Bang 4-5, mac du do Xép cua SP-3 con thép nhung lai c6 hi¢u suét
san pham kha cao va hinh dang, mau sic gan giong voi SGS-81 hon ca. Do vay
qua trinh dong ddc nén gilr trong khodng thoi gian 1,5 gio.

4.2.5. Anh hwéng ciia nhigt dj trong giai doan gia nhigt

Cac diéu kién va két qua thuc nghiém duogc liét ké trong Bang 4- 6.

Béang 4-6. Anh hwong cua T gy dén cac dac tinh va hiéu sudt ciia SGS-NT8

Ten | o n1°Cl Hinh dang, mau sic P%] | N[%]
mau

SN1 80 Bot roi, do - 40
SN2 100 Bt roi, két khéi, nau do 68 75
SN3 110 Bot o, két khoi, nau den 85 78
SN4 120 Két khéi, co ngbt it, den 80 68
SN5 130 Két khdi, co ngét vira, den bong 81 62
SN6 150 Két khoi, co ngot nhiéu, den boéng, ran - 55

F/R=2,75:1; pHey= 3; tcu= 2 h; T°curpp=60+°C; pHpp=5;; ten=15- 16 h; tpp = 1,5 h;
T°6n (80; 100; 110; 120, 130, 150°C).

Gia nhiét ¢ nhiét do 80°C chua du diéu kién dé phan ung tring ngung xay

ra hoan toan. Cac phan tir tién polyme HMP duoc nbi két voi nhau véi sb luong
it nén phan tir polyme ngén, trong luong phan tir thap, trong khi cac chit tham
gia phan (mg bi mat mat do bay hoi nén luong san pham thu duoc it (hiéu suét

chi dat 40%), khong két duoc thanh khbi va c6 mau nau do. Trong khi d6 nhiét
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d6 gia nhiét 1a 150°C lai 1a qua cao, luc d6 mdt phan polyme bi nhiét phan hiy
nén SP bi co ngbt nhiéu va dong ctng, khong thich hop dé do d6 xdp. Chi cac
mau SP duoc gia nhiét & nhiét do 100°C; 110°C va 120°C 1a c6 cac dic tinh 1y
hoc phu hop hon ca nén nhiét do gia nhiét dugc chon trong khoang 100 - 120°C.

Tom lai:

Céac diéu kién nhu: ti 16 mol F/R, pH, T° va t trong cac giai doan phan
ung téng hop anh huéng manh dén hinh dang, mau sdc, kich thudc hat két va
chic chin ciing anh huong dén kich thudc cac hat cau nhé, kich thudc cac 16
hong cua san pham SGS-NT8. Dé thu dugc san pham c6 cac dic tinh gan giéng
nhat so voi mau so sanh SGS-81, qua trinh tong hop SGS-NT8 can dugc tién
hanh khi két hop cac diéu kién trong timg giai doan phan mg sau:

Ti 16 mol toan phan F/R = 2,70 - 2,75

Giai doan cong hop: pH 3; T°=60°C;t=1,5-2h
Giai doan dong dac: pH 5; T°=60°C;t=1,5-2h
Giai doan gia nhiét: T° =100 - 120°C; t=15 - 16 h.

4.2.6. Tong hop mét s6 mau polyme SGS-NT8 theo cdc diéu ki¢n di chon

Thue hién mét sb cic phan ung tong hop SGS-NT8 khi két hop cac diéu
kién trong cac khoang d chon trén. Cac diéu kién phan tng va cac dic tinh 1y
hoc cua cac SP polyme duoc tap trung trong Bang 4-7. Phan tich trén hinh anh
chup LABOMED va SEM (Phu lyc 3, Hinh P1 va Hinh P2), cac san pham SGS-
NT8 (ky hiéu tat tir RF-1 dén RF-4) & dang két khdi hay hat két déu co ciu trac
mang giébng nhu cua SGS-81, cac hat tron nho co kich thuée 2 - 12 um xép
chdng 1én nhau, cac 16 hong lién thong kich thude tir 2 - 10 pm, d6 xSp trong
khoang 70 - 87% (Hinh 4-2). Cac mau déu khong tan trong nudc va trong cac
dung moi thong thudng (con, axéton), hiéu suat SP dat tir 80 - 92%.

Theo cac tai li¢u da cong bd [1, 16, 19, 20] lién quan dén mdi tuong quan
giita kich thudc 16 hong trung binh, dién tich bé mat trong va do xdp cia vat

liéu hap phu ciing nhu diéu kién hap phu cac ion kim loai ning thi véi cac dic
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tinh 1y hoc nhu trén, cdc miu san pham polyme SGS-NT8 déu twong tmg voi
cac vat ligu da va dang dugc nghién ctru xu ly dung trong linh vuc tach, lam

sach cac ion kim loai ndng tir méi trudng nudc.

Bang 4-7. Mau SGS- NT8 tong hop khi két hop cdc diéu kién da chon

Ti 16 Kich Kich

Tén ; . .. thuéc hat | thuéeld | P N
x mol Hinh dang ngoai A 2 x ° o

mau cau nho hong [%o] [%o]

F/R

[pm] [nm]
RF-1 | 2,70 | BOG khoixop, khd chac, |, ), 310 | 87 | 8
min mat, nau

RF-2 | 2,75 | Khéi x6p, kha chic,ndu |  5-10 5-10 70 80
RF-3 | 2,75 | Khdi x6p, chic, nau sim 2-7 2-5 75 92
RF-4 | 2,75 | Khdixbp, chic , den * 5-7 2-3 82 88

Xiic tac HCL; F/R = 2,70 - 2,75, pHep = 3, ten = 2 by T cuepp= 60£°C; pHpp=5; topp= 1,5 h;
toy=15-16 h; T’oy=100°C; * T’y = 110°C.

= zsm 100, 0000 26/MAY/08

Hinh 4-2. Anh chup SEM ciia mau SGS-NTS tiéu biéu

Cac két qua so sanh trong Bang 4-7 cho thiy: hai mau RF-2 va RF-3
duogc tong hop véi F/R = 2,75:1 trong cac diéu kién dd chon khong nhimg co
kich thuéc hat va kich thudc 16 hong nam trong khoang mong mudn ma con
phu hop ca vé hinh dang, cac dic tinh 1y hoc (46 bén twong dbi, do x6p) va hiéu
suat SP. Mau polyme xdp RF-3 duoc chon lam dbi trong dé nghién ctru cac ndi

dung tiép theo va tir ddy ky hiéu tit 1a RF, ky hiéu day du 1a SGS-NTS.
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4.3. Piéu kién xir Iy h6a hoc SGS-NT8 thanh nhua SGS-NT8(H")

4.3.1. Anh hwéng ciia nong dp axit dén dung lwong trao doi cation toan phan
tinh

Céc diéu kién va két qua thi nghiém trong Bang 4-8 va Hinh 4-3.

Bang 4-8. Anh huong ciia nong do axit dén dung lwong trao doi cation

Tac nhan
it Iy H,0 H,S0,4 H;PO,
Cwu [M] 0 1,5 2,5 5,0 7,5 1,5 2,5 5,0 7.5

Q,[meqH"/g] | 0,20 | 0,287 | 0,598 | 1,172 | 1,060 | 0,172 | 0,780 | 1,238 | 1,221

chac, | chac, R R chac, | chac,
N N nau nau N N

niau | nau den den nau nau

den den den den

Hinh dang | ndu | niu | nau
ngoai sam | den | den

°=100°C; t=1,5h.

Q, [meq H'/g]
1,4

1,27

RF-H3PO4

1,0 1
0,8 -

RF-H,S04

0,6 -
0.4 -
0.2 -

0

12 3 4 s 6 7 8
Cu  [M]

Hinh 4-3. Anh hudng cta néng d6 axit dén dung luong trao d6i cation

So v6i mau RF khong qua xur Iy héa hoc (chi rira bang nudc) cac miu RF
duoc xtr Iy véi cac axit H,SO4 va HyPO, déu co sy thay d6i vé mau sic va do
bén tuong d6i, dong thoi ciing co su thay d6i dang ké vé dung luong trao doi

cation, gia tri nay ting dan theo ndng do axit va dat gia tri cao nhat & ndong do
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5M cua ca hai loai axit, sau d6 déu giam ¢ 7,5M (Hinh 4-3). Vi vay nong do

thich hop cia cdc tac nhan dung cho qua trinh xir 1y déu 1a 5M.

4.3.2. Anh hwéng ciia nhigt dé dén dung lwong trao doi cation toan phain tinh
Céc diéu kién va két qua thi nghiém trong Bang 4-9 va Hinh 4-4.

Bang 4-9. Anh huong ciia nhiét do xir Iy dén dung lwong trao déi cation
Téc nhan
xur ly

H,O0 SM H,SO0, SM H;PO,

T° [°C] - 80 100 | 110 | 120 80 100 | 110 120

Q,[meqH"/g] | 0,200 | 1,172 | 2,160 | 2,290 | 2,004 | 1,538 | 2,578 | 2,156 | 1,926

. R R A chac \ R chac, | chac \
Hinh dang nau | nau | nau ~ | bo, nau A ~ | bo,
‘e x x nau x nau nau
ngoai sam | sam | den den | sam den

den den den

t=2h

Ngoai sy thay ddi rd rét hinh dang ngoai ciia cac mau duoc xir 1y voi ca
hai loai axit & nhiét do tir 100 - 120°C so véi mau khong xir 1y thi gia tri Q, cua
ching con c6 xu hudng ting dan khi nhiét do xtr Iy ting, nhung dén mot mirc
nhat dinh lai giam. Q, ctia nhwra RF dat gia trj cao nhat 2,290 meq H'/g ¢ 110°C
véi SM H,S0, va 2,578 meq H'/g & 100°C v6i SM H;3PO,.

Q, [meq H'/g]
3.0

25| RF-H:PO,

2,0 RF-H,SO,

1,58
4
1,0 -
0,5 ; , : :
80 90 100 110 120 130
T [°C]

Hinh 4-4. Anh hudng cta nhiét d6 dén dung luong trao ddi cation
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Trén Hinh 4-4 c6 thé thiy nhiét do thich hop cho qué trinh xt 1y hda hoc
polyme SGS-NT8 bang dung dich 5M H,SO, la 110°C, bang dung dich 5M
H;PO,4 1a 100°C.

4.3.3. Anh hwéng ciia thoi gian dén dung lwong trao doi cation toan phin
tinh

Bang 4-10. Anh huong cia thoi gian xi 1y dén dung lwong trao doi cation

Tacnhan |\ 5 M H,SO, * 5 M H;PO, "
xu ly
t [h] 1 2 3 4 1 2 3 4

Q,[meqH"/g] | 0,200 | 0,934 | 2,160 | 2,131 | 2,104 | 1,428 | 2,578 | 2,146 | 2,146

Hinh dang | ndu | ndu | ndu | nau | bd, nau | nau | nau | bo,

ngoai sam | sam | den | den | den | sAm | den | den | den
I = 110°C; D T° =100°C.

Céc diéu kién va két qua thi nhiém trong Bang 4-10 va trén Hinh 4-5. cho
thdy thoi gian xur 1y tot nhét 14 2 gio d6i voi ca hai loai tac nhan 5M H,SO, va
5M H;PO,, khi do, gié tri Q, cua nhya RF-H;PO, cao hon so vdi cua RF-H,SO,
(2,578 meq H'/g so voi 2,290 meq H'/g) (Hinh 4-5). Nhu véy diéu kién tdi uu
dé nhya RF dat duoc Q, cao nhét 13 khi nhya duoc tiép xuc vo1 SM H,SO4 6
110°C, hay v&i SM H3PO4 ¢ 100°C trong thoi gian 2 gio.

Q, [meq H'/g]
3.0

2,5 1

2,0 1

1 2 ' ‘ 5
3 4 [h]
Hinh 4-5. Anh hudng cta thoi gian xir Iy dén dung luong trao d6i cation
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Trén cac anh chup LABOMED va SEM (Phu luc 2, Hinh P4 va Hinh P5)
ta thiy: so v6i miu khong xtr 1y, bé mit ciia mau dugc xt Iy (véi SM H3PO,)
trong thoi gian tir 2 gid tré 1én ¢6 nhiéu 16 hong 16n hon, cac hat c¢6 kich thude

16n hon va ddng déu hon, do vay c6 do x6p cao hon (Hinh 4-6a va 4-6b).

Hinh 4-6b. Anh chup SEM: RF di qua
xur ly axit

Hinh 4-6a.. Anh chup SEM: RF khong
qua xu ly axit

Bing 4-11. Cdc ddc tinh co badn ciia SGS-81, SGS-NT8 va SGS-NTS(H")

STT | Cac dac tinh SGS-81]5] SGS-NTS8 SGS-NTS8(H")
1 Hl‘nh c}ang, Két khéi, den Hﬂat liet, két khoi, HAat keét, ket khoi,
mau sac nau sam nau den
) Dgf) bén twong | X0p mém, dé cat | Xop {nézn, khi cat | X6p mém, dé cat
doi khong bé vun c6 thé dé béd vun | khong bé vun
Cac hat‘ cau rat Cac hat‘ cau rat
nho cl}ong 1€n Cic hat rt nhé nho c}}ong 1én
nhau thanh mang A A nhau thanh mang
I A 1x1 2 1. | chong 1&én nhau A 1K LA aia
3 | Cau trdac mang | nhiéu 16 hong lién | | . .»_ | nhiéu 16 hong lién
A A z__ | thanh mang nhiéu | , . X %
thong; nhicu cham 15 héne lien thén thong; nhicu charp
nho li ti trén bé & & |nho li ti trén bé
mat cac hat mat cac hat
Kich thudc hat
4 cau nhé (um) 5-10 2-7 5-7
5 | Keh thude o 5-15 2-5 5-10
héng_(um)
6 | Do xdp (%) 85 70 -75 75 - 82
Ham lugng %
7 |nhémechic | 1,5- 1,7 (H,SO,) 0.2 *gggg gzls)g‘%
(megq H'/g) S
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Cac dic tinh 1y hoc co ban cia RF/SGS-NTS8 va RF(H")/ SGS-NT8(H")
khi so sanh véi mau SGS-81 tap trung trong Bang 4-11. Cac sb liéu cho thiy
polyme SGS-NTS8/(RF) va nhya SGS-NT8(H")/(RF(H") c6 hinh dang ngoai va
cAu trac mang gidng nhau. Trong khi su phin bd kich thuéc hat ciu nho cua
SGS-NT8(H") so v6i ciia polyme SGS-NT8 hep hon va nho hon (5 - 7 um so
v6i 2 - 7 um) thi kich thudc 16 hong ciia n6 lai 16n hon (5 - 10 um so véi 2 - 5
um). Diéu nay phu hop véi thuc té: trong qué trinh gan rira nhya dén trung tinh,
¢6 nhiéu hat rit min mau do lo ling bi tr6i theo nudc rira. Can ctr vao kich
thude cac hat cau nho va 16 hong, ching déu dugc xép vao loai vat lidu polyme
x6p rong va déu co d6 xbp thich hop [1-3].

Anh chup SEM bé mit cic mau polyme RF dang khéi va hat két (Hinh 4-
7), hat két trude khi duoc xir 1y hod hoc & cac muc phong dai khac nhau (Hinh
4-8), hat két trudc va sau khi duoc xt Iy hoa hoc (H;PO,) ¢ cing muc phong
dai (Hinh 4-9).

Bé mdt khéi RF chira xir Iy Hat két RF chua xir Iy
Hinh 4-7. Anh chup SEM: Polyme RF & dang khdi va hat két

Céc hinh anh SEM thé hién rd: ngoai sy thay d6i trong ciu tric x6p cia
vat liéu sau budc xtr 1y hoa hoc,trén bé mit cac hat cau con xuét hién nhiéu cac
chidm nho 1i ti do sy ¢6 mit cua cadc nhom chie dd dugce dinh 1én mang polyme.
Ngoai ra, cac khoang trong ting 1én ciing nhu kich thudc cac 16 hong ting tao
diéu kién cho chat 16ng tham thau qua vat liéu nhanh hon, déng thdi cac ion di
dong ciing d& dang tiép xtic voi cac nhoém chire trén bé mit cac hat cau hon.
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Do phong dai 1.000X Do phong dai 2.500X

Hinh 4-8. Anh chup SEM: Hat két polyme RF v&i cac d6 phong dai khac nhau

20kV /£ X5000 Spm 0000 19/MAYi08 20kV  X5,000 % 5pm

-~

T SN %

Hat két RF chua xir Iy hoa hoc Hat két RF sau xir ly voi H;POy
Hinh 4-9. Anh chup SEM: Polyme RF va nhiya RF(PH")

Ca hai loai mau nhuya trao d6i ion RF-(H") sau khi dwoc xir Iy véi tac

nhan axit H,SO, /RF-(SH") va H;PO, /RF-(PH") nhu trén, s& 1a ddi tuong

nghién ciru tiép theo trong khao sat kha nang hap phu cua chung ddi véi ion

uranyl trong dung dich nghién ctru va nudc thai.

4.4. Kha niing hiap phu UO,”* trong dung dich nghién ciru ciia SGS-
NT8(H")

4.4.1. Kha nang hdp phu trong diéu kién tinh
4.4.1.1. Anh huéng cia pH: Su hép phu UO,*" trén ca hai loai nhya RF-(SH")

va RF-(PH") trong dung dich chta 2,7 mg UO,”/mL (0,01M) & cac pH khac
nhau dugc thé hi¢n trén Hinh 4-10.
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Dung luong hip phu UO,*" cua hai loai nhyua phu thudce nhiéu vao pH, do
pH ban dau cua dung dich anh huong manh dén tinh chit hoa hoc cua bé mat
nhya cling nhu ctia dung dich ¢6 ion kim loai tan trong d6 [1, 2, 18]. Dung
lugng hip phu ctia RF-(SH") dat gia tri cao nhat & pH4 véi q = 73,710 mg
UO,*"/g, con ciia RF-(PH") ¢ pH 5 véi q = 94,600 mg UO,*"/g; véi moi gia tri
pH dung lugng hap phu ciia RF-(PH") ludn cao hon cia RF-(SH").

q [mg/g]
100
%0 RE-(PH")
60
RF-(SH")
40
20 ‘ ‘
1 3 5 7 9
pH

Nhya RF-(SH') va RF-(PH"): 0,5 g; k.t. hat: 0,125 - 0,147 mm
V=50mL; C,=0,0IM (2,7 mg UOy""/mL); t = 24 h; T’ = 25°C.

Hinh 4-10. Anh hudng cua pH dén dung luong hip phu UO,>
ctia SGS-NT8(SH") va SGS-NT8(PH")

Vi muc dich cua nghién ctru nay 1a tich UO,”" khoi cac dung dich thai
sau khi d3 trung hoa va loc tach luong 16n UO,> va céc kim loai khéac, nén RF-
(PH") 1a ddi twong phu hop dé khao sat tiép kha ning tach uranyl tir dung dich
nghién ctru va nudc thai (khi pH dao dong trong khoang 5 - 7).

4.4.1.2. Anh hwéng ciia nong d6 UO,"" ban dau: Sy hap phu UO,>" trén nhua
RF-(PH") phu thudc vao ndng do UO,>" ban dau (C,) thé hién trén Hinh 4-11.
Dung luong hap phu q ting cung véi su gia ting C, trong khoang tir 0,10
- 0,50 mg UO,*"/mL va dat gi4 tri gan nhu khong d6i tir C, > 0,50 - 1,8 mg
UO,*"/mL, thé hién su bdo hoa céc vi tri hoat hoa trao ddi ion cta nhua, khi cac
vi tri trao d6i ion ctia cac nhom chic di duoc thay thé hoan toan bang ion

U0,
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q [mg/g]
35

30 -

25 4
207
15 -
101

00 0.5 1.0 1.5 2.0
C, [mg/mL]

Nhya RF-(PH): 0,5 g; k.t. hat: 0,125 - 0,147 mm
V=50mL; C,=0,37-6,67mM; pH=15;t=24h; T° = 25°C.

Hinh 4-11. Anh huéng ctia C,(UO,*") dén dung lugng hap phy UO,*"
Céac nong do C, tr 0,5-1,0 mg UO,*"/mL dugc chon 1a néng do thap
quan tim nham phu hop vé6i diéu kién nghién ciru hién c6 cta phong thi nghiém
(ndng do UO,*" trong dung dich chu yéu duge xac dinh bang phwong phap so

mau).

4.4.1.3. Anh huong ciia thoi gian tiép xie: Két qua khao sat anh hudng cia thoi

gian tiép xuc t dén kha ning hap phu UO,*" ctia nhua RF-(PH") dbi voi 3 loai
dung dich c6 C, khac nhau thé hién trén Hinh 4-12.

q [mg/g]

80
1,00 mg/mL

60 1

40
0,74 mg/mL

20+ *
0,50 mg/mL

0 ‘ | | ;

0 30 60 90 120 150

t [min]

Nhya RF—(PH+).' 0,5g; kt hat: 0,125 - 0,147 mm
V=50mL; C,= 1,85; 2,74, 3,8mM; pH =5, T’ = 25°C.

Hinh 4-12. Anh hudng cua thoi gian tiép xuc dén dung lwong hip phu UO,>*
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Trong diéu kién tinh, mic du sy hap phu UO,*" cta nhua tang 1€n theo
chiéu ting cua C, va t (trong khoang tir 10 dén 90 phut), nhung tdc d6 hap phu
gan nhu bang nhau, vi tir 120 phut trd di su hdp phu trong ca ba dung dich hau
nhu d3 dat bao hoa. Do vdy, thoi gian toi wu dé dat bio hoa duoc chon 13 2 gid.
Trong khoang ndéng d6 nghién ctu C, tir 0,5 - 1,0 mg UO,*"/mL, dung luong
hap phu cia RF-(PH") dat gia tri cao nhit (75mg UO,”'/g hay 0,28 meq
UO,*"/g) khi dung dich ¢c6 Ci= 1,0 mg UO,”/mL, pH =5 va t > 2 gio.

4.4.1.4. Hé 56 phdn bo K, ciia UO,™": Céc diéu kién va két qua thi nghiém tap

trung trong Bang 4-12 va thé hién trén Hinh 4-13.

Bang 4-12. Hé s6 phdn b6 K, ciia UO,"" trén RF-(SH') va RF- (PH")

C, G Kq
Nhya [mg/mL] [mg/mL] [mg/g:mg/mL] Log Kq
0,1000 0,0722 38,548 1,586
RF-(SH") 0,2810 0,1810 55,271 1,743
0,3435 0,2110 62,806 1,798
0,5000 0,2687 86,099 1,935
0,1000 0,0670 49,204 1,692
RF-(PH") 0,2810 0,1444 94,624 1,976
0,3435 0,1589 116,145 2,065
0,5000 0,1667 199,986 2,301

RF-(SH') va RF-(PH"): 0,5g; k.t. hat: 0,125 - 0,147 mm;
V=50mL,; pH=5;t=2h, T phong.

Log K4
2,4

2,21

2,01

18] RF-(SH")
1,6 -

1,41

o 01 02 03 04 05 06

C, [mg/mL]
Nhiyta RF-(SH') va RF-(PH"): 0,5 g; k.t. hat: 0,125 - 0,147 mm
V=>50mL, CO(U022+) =1,85; 2,74, 3,70mM; pHS5, t = 2h; T° phong.

Hinh 4-13. Hé s6 phan b6 phuy thudc ndng do ion uranyl ban dau
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Trong khoang ndng d6 nghién ctru C, tir 1,85mM dén 3,7mM (0,1 - 0,5
mg UO,”"/mL), véi thoi gian tiép xuc 2 gio (dat dén bdo hoa), pH = 5, K4 cua
UO,*" trén hai loai nhua phu thudc nhiéu vao CO(U022+); gia tr1 Ky cia duong
thang RF-(PH") 1uén cao hon cta dudng thang RF-(SH"), ching to RF-(PH") ¢6
kha ning hap phu UO,”" t6t hon so voi RF-(SH).

4.4.2. Khad nang hép phu trong diéu kién dong

4.4.2.1. Dung luong trao doi ion dong

Anh huong cia nong do dau dén dung lwong hiéu sudt: Cac diéu kién va két
qua thi nghiém trén Hinh 4-14. So sanh bon dudng cong 16 twong Gng véi cac
C, cua uranyl: duong cong 16 tng voi C, thap nhat (0,05 mg/mL) c6 do chodi
16n nhét, tai diém C/C, = 0,5, dat dung lugng hi¢u suat 16n nhat: 66 SV, trong
khi cac duong cong 0,1; 0,15 va 0,2 mg/mL c6 cac gia tri tuong Gng: 34; 22 va
16 SV. Piéu nay cho thdy qua trinh hip phy uranyl phu thudc vao ndng do
uranyl ban dau, dung dich cang lodng thi nhya cang lau dat dén do can bang bio

hoa, nghia 1a thé tich dung dich duoc xtr Iy chay qua cot cang 16n.

0,05 mg/mL

0 10 20 30 40 50 60 70
Dung lugng cot  [SV]

V=250-550mL; pH~5;v=2318V/h (0,4 mL/min).
Hinh 4-14. Anh huong ciia Co,(UO,™") dén dung luong hiéu suét
Anh huong cia toc dé dong dén dung lwong hiéu sudt: Cac diéu kién va két qua
thi nghiém trén Hinh 4-15, nhiing tbc do dong v: 2.4; 3,1; 4,0 va 5,5 SV/h tuong
ung dong chay 0,30; 0,40; 0,50 va 0,70 mL/min.
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C/C,
1,0

AA
AA

5,5SV/h

0.8 1 3.1SV/h

0,6 1

0.4
2.4 SV/h

0,2

30 40 50 60 70
Dung luong cot  [SV]

V =250-550 mL; C,(UO") = 0,370 mM; pH ~ 5.

Hinh 4-15. Anh huéng cua tbc do dong v dén dung lugng hiéu suit

Hinh 4-15 cho thay hinh dang cta cac dudng cong 16 phu thudc nhiéu vao
v. Tai diém C/C, = 0,5: cot c6 v = 3,1 SV/h dat dung luong hiéu suit 34 SV,
trong khi cdt c6 v =2,4 SV/h gia tr1 do dat gép doi: 68 SV. Noi cach khac, cot
nao c6 dung dich chay qua chdm hon s& dat dugc dung luong hiéu suat 16n hon,
hay toc d6 dong cang thip thi nhwa cang lau dat dén d6 can bang bdo hoa. Nhu
vay trong khoang ndng d6 nghién ctru, co ché hdp phu chil yéu van 1a khuyéch
tan hat, qua trinh hip phu ion uranyl phu thudc vao C, va t. Piéu nay ching to

nhya SGS-NT8(PH") thé hién rd dic tinh cia nhya trao d6i cation [7].

4.4.2.2. Rira gidi UO,"" khéi SGS-NT8(PH"): Do UO,*" dugc hap phu tir moi

truong H,SO4 nén dung dich mudi Na,SO, lodng (10g/L) trong cac moi trudng
H,S0, khic nhau dugc chon dé nghién ctru kha ning giai hip UO,>" khoi cot
nhua.

Bang 4-13. Khdo sdt cac diéu kién rira gidi

10g Nast4+1L HzO IOgNaZSO4+1L 1M HzSO4 10gNaZSO4+1L2M HzSO4
STN | D.d.gh/H,0 1, | D.d.g.h/H,0 Mg D.dgh/H,0  ny
[mL/mL] [%] [mL/mL] [%] [mL/mL] [%]
1 20/40 5 20/40 65 20/50 88
2 30/40 20 30/40 78 30/50 98
3 45/40 35 45/40 93 45/50 100

Cét nhira RF-(PH'), V= 7,6 mL. Hap phu: 50 mL dung dich; C,(UO5"") = 0,15 mg /mL;
pH=5;v=2318V/h (0,4 mL/min). Rwa giai: v = 1,2 SV/h (0,15 mL/min).
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Céc diéu kién va két qua thi nghiém trong Bang 4-13 cho thiy: hiéu suat
rira giai UO,”" v6i dung dich giai hdp thir 3 bao gid ciing cao hon so vo6i hai
dung dich con lai, vi thé dung dich 10g Na,SO, trong 1L 2M H,SO,4 dugc chon
1a dung dich giai hap UO,*" khoi nhua SGS-NT8(PH).

4.4.2.3. Khd ndng tai sinh ciia SGS-NT8(PH'): Cac diéu kién va két qua thi
nghiém trong Bang 4-14 cho thiy: hiéu suat thu hoi UO,”" trén SGS-NT8(PH")

trong ca 8 chu trinh hap phu - rira giai gan nhu thay doi khong dang ké, diéu do
ching t6 nhya c6 thé tai sinh va str dung dugc nhiéu 1an ma khong anh hudng

dén tinh nang ctia nhya.

Bang 4-14. Chu trinh hdp phu - riva gigi UO5"

Chuky | m, (U0, )[mg]  n.[%] Chuky | m,(UO,*")[mg] [ %]
1 3,750 100,00 5 3,748 99,95
2 3,745 99,87 6 3,749 99,97
3 3,745 99,87 7 3,750 100,00
4 3,750 100,00 8 3,748 99,95

Cét nhyra RT-PH”, V= 7,6 mL. Hap phu: 25 mL dung dich C,(UO5"") = 0,15 mg/mL; pH 5;
v = 0,4 mL/min. Rira giai: 45 mL 10% Na:SO4+ 2M H>80,4/50 mL H>O; v = 0,15 mL/min.
Tai sinh: 20 mL IM H,SO,/ H,O deén pH 6-7.

4.5. Tach UO,** khéi nwéc thai thwe trén cét nhwa SGS-NT8(PH")

Trinh tu thuc nghi¢m tach uran khéi nude thai thuc duge mo ta theo so dd

trén Hinh 4-16.

1,25L; Co=0,15 mgU®*"L

2 lit, UO,S0Oy4 pH~6 Cot p = 1,8cm, [ = 20cm,
pH~1 vién SGS-NT8(PH")
e m=1g, Vy, = 2,58 mL
NaOH ‘ it Vhp = 0,4 mL/min
pH=7

C; = 0,003 mg mg U*"/L

Hydroxyd cac kim loai (U, Fe...) pH~7, = 98%

Hinh 4-16. So dd tach uran khéi nude thai thuc
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Két qua phan tich nong do mot sd nguyén té kim loai trong nudc thai trude
va sau khi chay qua cot nhua SGS-NT8(PH") ciing nhu céc gia tri hiéu suét tach
N, hé $6 phan bd K, cta chiung trén nhua duogc liét ké trong Bang 4-15. Cac $6
liéu cho thay: SGS-NT8(PH") c6 kha ning tach phan 16n cac kim loai ¢6 trong
mau nude thai phéng xa. Pac biét, hi¢u suét tach N¢ va hé $6 phan bd Ky cua
uran dat gia tri cao nhét (98% va 61,25) so v&i cac kim loai con lai khac, chimg

t6 nhua SGS-NT8(PH") ¢ kha ning hap phu chon loc ddi véi uran.

Bang 4-15. Nong do mét s6 kim logi trong nuéc thdi trudc va sau khi qua cot
SGS-NTS8(PH"), so sanh véi tiéu chudn TCVN-2005

#. 107 Ky
ST | Nt | gty | mgul |56 e
I Al 0,091 | 0,008 - 912 | 12.97
2 As 0014 | 0,005 0.5 643 | 225
3 Co 0638 | 0551 - 140 | 020
4 Cu 0,100 0,07 5.0 300 | 054
5 cd 0106 | 0,097 05 85 | 0.12
6 Ce 0831 | 0248 - 702 | 294
7 Fe 1,666 1,252 1,0 25.0 0.41
3 He 0050 | 0011 0.01 780 | 443
9 K 432,533 | 404,126 - 6.6 0,09
0 | La 1221 | 0528 - 568 | 1.64
T Ni 0929 | 0.844 20 9.1 0.13
2 | Mn | 72763 | 68.043 5.0 65 | 0.09
13 St 11303 | 10.786 - 46 | 006
14 Sn 0.013 0,008 5.0 38,5 0.78
15 /n 25,749 21,143 5,0 18,0 0,27
16 Zr 0,004 0,002 - 50,0 1.25
17 | Th 0039 | 0,019 i 513 | 132
18 U 0150 | 0,003 i 98,0 | 61,25

C, va Ci: Nong dg nguyén t6 trong nuwée thdi trude va sau khi qua cét nhuwa;
Nong do nguyén to trong nuoc thai cong nghiép theo TCVN-2005;

C*:
M-

Hiéu suat tach cua nguyén to trén nhya, nuwdc ra sau cot co pH ~ 7.
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Can ctr vao gia tri K cia nhya d6i voi timg nguyén td, mic d6 chon loc
ctia nhua ddi véi cac kim loai co trong nuoc thai dugc sép xép theo thur ty giam
dan nhu sau:

U>>>Al>>Hg>Ce>As>La>Th>Zr>Sn>Cu>Fe>Zn>Co >
Ni>Cd>K =Mn > Sr.

Khi so sanh véi tiéu chudn d6i ciia nudc thai cong nghiép theo TCVN-
2005 thi néng d6 phan 16n cac kim loai ning ¢ trong nudc thai sau khi qua cot
nhwra (trir Mn va Zn) déu dat dudi ngudng cho phép (Bang 4-15). Ddi voi Mn
va Zn, c6 thé tiép tuc giam ndng do ciia chung trong nudc thai thap xuéng hon
nita, bang cach cho nuéc thai chay tiép qua mot cot chira SGS-NT8(SH), 1a
loai nhya da dugc chiing minh c6 dac tinh chon loc cao ddi véi Zn va cac kim

loai ndng khac [7, 19, 22- 25].

4.6. Piéu ché SGS-NTS8(H") trong phong thi nghi¢m

Céc bude diéu ché vat liéu hap phu polyme x6p SGS-NT8(H") trong diéu
kién phong thi nghiém duoc tién hanh nghiém ngit theo cac diéu kién da duoc

xac dinh bfing thuc nghiém (4.2.6. va 4.3.1. — 4.3.3.) nhu so dd trén Hinh 4-17.

| SGS-NTS(SH")

~H e d
0= C_ " HO OH

OH
P
H OH SM H,S04 / SO;H
F/R = 2,75 (110°C, 2h)

1) HCI; pH3; ~60°C, 2h .

2) pH 5; ~60°C; 1,5h SGS-NTS 5M H;PO, A~
3) 100-120°C; 15-16h 0

) , (100°C.20) | HQﬁOH
Tong hop SGS-NTS Xir Iy héa hoc SGS-NTS PO;H,

SGS-NTS8(PH")

Hinh 4-17. So d0 quy trinh diéu ché VLHP polyme xdp SGS-NT8(H")
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Téng hop polyme xop SGS-NT8: Thuc hién 6 mé phan tmg téng hop polyme
SGS-NTS trong cdc thay tinh 2 lit, thu ~300 g SP/mé). San phdm ctia m&i mé
duoc so sanh véi mau polyme RF-3 (Bang 4-2) hay SGS-NTS8 (Bang 4-11). Thu
duge ~ 1,8 kg polymeSGS-NT8 dat yéu cau.
Xii Iy héa hoc SGS-NT8 thanh SGS-NT8(H'"): Thuc hién xur 1y héa hoc SGS-
NT8: 3 mé xur ly véi axit H;SO4 va 5 mé véi axit H;PO, trong coe thuy tinh
chiu nhiét 1 lit (xtr Iy ~ 150 g SGS-NT8/m¢). So sanh cac mé san pham nhya
SGS-NT8(SH") va SGS-NT8(PH") véi cac mau nhua tuong tmg (Bang 4-11).
Thu duoc ~ 400 g nhya SGS-NT8(SH") va ~700 g nhua SGS-NT8(PH™).

Anh chup SEM cuia hai mau bat ky SGS-NT8(SH") va SGS-NT8(PH") trén
Hinh 4-18a va 4-18b cho thay cac san phim nhua déu dat yéu cau: kich thudc
hat cau nho: 5-7 um; dudng kinh 16 hong trung binh: 5-10 pm.

20kV  X1,200 10pm 0046 16 40 SE 20k X1,200 10pm 0046 16 40 SEI
Hinh 4-18a. Anh chup SEM: Sén Hinh 4-18b. Anh chyp SEM: San
pham SGS-NT8(SH") pham SGS-NT8(PH")

Céac két qua kiém tra cho thdy: nhwa SGS-NT8(SH") va SGS-NT8(PH")
clia cac mé tong hop va xir Iy héa hoc khac nhau déu co cac dic tinh tuong dbi
ddng déu va phu hop voi cac chi tiéu da dit ra: dang bot (hat két) va dang khéi
(vién); mau nau den; cdu tric mang hinh cdu khong gian, kich thudc cac hat
cau: 5-7 pm; duong kinh 16 hong: 5-10 pm; do xdp: 75-82 %, hiéu suét san
pham dat 85-90%. Nhu vay c6 thé két ludn rang quy trinh diéu ché vat liéu hap
phu polyme xdp SGS-NT8(H") trong diéu kién phong thi nghiém nhu trén 1a
khé 6n dinh.
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PHAN 5- KET LUAN

Nhom nghién ctru ching t61 da dat dugce cac muc tiéu dé ra doi vai dé tai:
1- Xay dung thanh céng quy trinh diéu ché vat liéu hap phu polyme xdp SGS-
NT8(H") trong diéu kién phong thi nghiém (Phu luc 1). Vit liéu ché tao ra co
cac dac tinh co ban tuong tu nhu cua SGS-81 (Nga) va dat cac chi ti€u da dang
ky trong Ban thuyét minh dé tai (Bang 5-1).

Bang 5-1. Cdc chi tiéu chat lwong cia SGS-NT8(H") so véi SGS-81(Nga) va

cdc chi tiéu can dat (thuyét minh dé tai)

SGS-NTS
STT | Cac dac tinh SGS-81[5] N SGS-NTS8(H")
(Can dat)
1 H{nh (}ang, Két khéi, den Hf.lt k:et, ket khoi, HAat keét, ket khoi,
mau sac nau sam nau den
Do bén tuong | X6p mém, d& cat | o« x .x . | X6p mém, d& cat
2 d6i khong bo vun Xop mém, de cat khong bd vun
Cac hat‘ cau rat Cac hat‘ cAu rat
nho cl}ong 1€n Cic hat nhé hinh nho cbong 1én
nhau thanh mang | " *. .4 .. |nhau thanh mang
I A 1x 1A 1o | cau noi ket voi A 1x 1A oA
3 | Cau trdc mang | nhiéu 16 hong lién L 1X LA nhiéu 10 hong lién
o X z__ | nhau, cac 16 hong | . , X X
thong; nhi€u cham lién thon thong; nhi€u cham
nho Ii ti trén bé 8 nho Ii ti trén bé
mat cac hat mat cac hat
4 | Kich thude hat 5-10 7-15 5-7
cau nho (um)
5 | Kiehthuoeld 5-15 10-15 5-10
héng (um)
6 | Do xbp (%) 85 - 75- 82
Dung lugng +
7 oot (SV) - 20-100 66/SGSNTS(PH")
Ham luong *2,290 (H,SO
8 | nhém chuc 1,5- 1,7 (H,S0,) > 2 . ; (H2P 04)
(meq H+/g) ,578 (H3POy4)

2- Pi khao sat kha nang hap phu ion uranyl (UO,*") ctia nhya SGS-NT8(H")

trong dung dich nghién ctru va nudc thai thyc:

60




a) Cac két qua khao sat trong diéu kién thao tac tinh voi dung dich nghién ctu
cho thy: Ca hai loai nhya SGS-NT8(SH") va SGS-NT8(PH") dang bot (hat két)
déu c6 kha ning hip phu UO,>", dung lugng hip phu chiu anh huéng cia pH,
ndng d6 UO,™" ban dau va thoi gian tiép xuc; SGS-NT8(PH") hdp phu UO,*" tdt
hon so véi SGS-NTS8(SH"). Cac két qua khao sat trong diéu kién dong cua dung
dich nghién ctru véi cot nhya SGS-NT8(PH") chi ra rang: trén cung mot cot
nhua, dung luong hiéu suit cot chiu anh hudng ctia nong do UO,”" ban dau va
van téc dong qua cot; UO,>" d& dang duoc giai hap bang dung dich chira 10 g
Na,SO, trong 1 lit 2M H,SO4; nhya SGS-NT8(PH") néi riéng va SGS-NT8(H")
n6i chung c6 kha ning tai sinh va dung duoc nhiéu lan.

b) Cac két qua khao sat kha ning tach uran khoi nudc thai thyc chimg t6 nhya
SGS-NT8(PH") c6 kha nang tach chon loc rat cao ddi v6i uran (trong moi
truong sunphat ¢6 pH~6, ndng do uran giam tir 0,15 g U"/L xudng con 0,003 g
U®/L, twong tng hiéu suét thu héi 98%), trong khi cac ion kim loai khac con
lai trong nudc thai phan 16n déu dat trong ngudng tiéu chuan nudc thai cong

nghiép theo TCVN- 2005.

Do nhiing han ché trong khuon khé mot dé tai cip bo (nhu thoi gian va
kinh phi thyc hién), cling nhu phai can nhic dén yéu cau dic trung cua loai vat
liéu hap phu dung trong xt 1y nudc thai [4,5] ma budc dau ching t6i mai khao
sat va nghién ctru mot s6 dic tinh co ban cua vat liéu hép phu SGS-NT8(H")
nhu da dé cap trong dé tai; con cac thong s ki thuat khac (nhu dién tich bé mit
trong, d6 chon loc hip phu, anh huong cua kich thude hat dén dung luong hap
phu cua nhya, s6 lan 1ap lai chu trinh hép phu - rira giai khi khao sat kha nang

tai str dung ctia nhua... ) thi chua thé khao sat nghién ctru day du, dung mue.

Tuy vay, cac két qua nghién ctru ctia dé tai ciing da cho thiy kha ning Gng
dung ctia SGS-NT8(H") trong xir Iy nudc thai cong nghiép cling nhu nudce thai
phong xa. Bé quy trinh diéu ché SGS-NTS8 trong phong thi nghiém phat trién

thanh mot quy trinh céng nghé hoan chinh dwa vao san xuit va mé rong kha
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ning tmg dung cua vat liéu méi nay, chung toi thiy riang: ngoai viéc nén tiép
tuc nghién ctu sau hon mat sb dic tinh lién quan dén vat liéu hép phu da néu
trén con can phai nghién ctru thém mot sb khia canh khac nhur:

a. Nghién ctru ché tao vat liéu polyme thanh vién, thoi, hinh khéi voi do
xbp va do chéc thich hop cho timg ddi trong nude thai can xir 1y.

b. Nghién ciru xir Iy héa hoc véi cac tac nhan khac nhau nham thay doi
tinh chat hap phu chon loc ciia nhira theo yéu cau.

c. Nghién ctru hé thdng thu giit cac chét khi ¢ hai thoat ra trong cac qua
trinh: téng hop, xtr 1y hoa hoc va ché tao vat liéu dé dam bao an toan méi

truong lao dong.

Tom lai:

Nhom nghién ciru ching t6i da xay dung thanh cong quy trinh diéu ché vat
liéu hap phu polyme x6p SGS-NT8 trong diéu kién phong thi nghiém. Hai loai
vat liéu hap phu polyme x6p SGS-NT8(SH") va SGS-NT8(PH") c6 kha ning
ung dung trong xtr ly nude thai chira kim loai nang ndi chung va nudce thai chira
uran néi riéng. Viéc xay dung duoc quy trinh tong hop polyme xép SGSD-NTS
c6 ¥ nghia thuc tién quan trong, boi tir san phidm polyme ndy va cac tac nhan
hoa hoc khac nhau c6 thé tao ra cac vat liéu hap phu thich hop cho cac ung

dung khac nhau trong xur Iy cac dung dich thai.
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Phu luc 1:

QUY TRINH PIEU CHE VAT LEU HAP PHU POLYME XOP
SGS-NT8(H") TRONG PHONG THi NGHIEM

1. Héa chit, dung cu thiét bi thi nghiém

Héa chit:

- Céc axit vo co: HCI, H,SO,, H;PO, ¢ dang dac va dung dich loang.

- Cac chét kiém, bazo: NaOH, NH,OH & dang dung dich dic va loing

- Resorcinol (R)

- Dung dich 37% formaldehyd (F)

Cac hoa chat co xuat xir tir trong nudc hodc nhap ngoai, do sach ky thuat.

Dung cu, thiét bi:

1/ Dung cu thuy tinh: Cée thuy tinh chiu nhiét 1 — 2 lit, 6ng dong cac loai, diia
thiy tinh

2/ Khuén: Cac dng i-ndc kich thude 28mm x 60mm, ca i-ndc c6 nap kich thude
80mm x 80mm va 100mm x 100mm.

3/ Thiét bi - may: Bé 6n nhiét c6 may bom tuan hoan, may khudy c6 can, ti siy,

kinh hién vi soi n6i LABOMED.

2. So' @6 quy trinh diéu ché vat liéu hip phu polyme xop SGS-NTS8(H")

Vit liéu hap phu polyme x6p SGS-NT8(H") duoc diéu ché trong diéu kién
phong thi nghiém theo so dd trong Hinh PL-1. Theo d6:
Budc 1: Hoa tan 110 g resornol trong nudce tir nhiét dd phong (R/L ~ 30%),
cho vao 65 ml dung dich formaldehyd 37%; dung dung dich HCI lodng chinh
pH = 3 d6ng thoi nang dan nhiét d6 1én 60°C, khudy trong 2 h.
Budc 2: Gilr ¢ 60°C, dung dung dich NH4OH loang chinh pH = 5, cho thém
vao hdn hop 140 ml formaldehyd 37%; khudy trong 1,5 h.



Bwéc 3: Chuyén hon hop vao khuén va 1 trong ti sdy & nhiét d6 100 - 110°C
trong thoi gian 15 - 16 h, sau d6 dé ngudi dan, thu dugc san pham polyme xdp

SGS-NTS (300 g /mé).

R, H,0, F, HCI F/R <1 pH =3
T°~60°C;:t=2h
F/R =2,7
pH=5
T°~60°C;t=1,5h
T°=100-110°C
t=15-16h
l SGS-NT8 (Thu ~300 g /mé)
\ \ 4
SMH,SOs | T°=110°C T°=100°C | SM H-PO,
t=2h t=2h
SGS-NT8(SH") SGS-NT8(PH")
(Xir.ly ~50 g /mé) (Xir 1y ~50 g /mé)

Hinh PL-1. So dd quy trinh diéu ché vat liéu polyme xdp SGS-NT8(H)

Buéc 4: Mot luong nhét dinh (100 - 150 g) polyme xp SGS-NTS duoc ngam
ngap trong dung dich 5SM H,SO4 hay 5SM H;PO, gitt & nhiét do khoang 110 —
100°C trong 2 h. Sau khi dé ngudi, chit rtra axit cho dén khi nudc rira trung tinh
(c6 thé dung dung dich kiém lodng dé trung hoa bt axit du). Sau khi sdy kho &
nhiét d6 80 - 90°C thu dugc san pham 13 vét liéu hap phu SGS-NT8(SH") hay
SGS-NT8(PH") c6 dang bot hay két khdi, mau nau sam.



3. Kiém tra danh gia chét lwong san phim

Céc dic tinh co ban cla san pham polyme xdp SGS-NTS va vat liéu hap
phu SGS-NT8(H") duoc kiém tra va danh gia theo cac chi tiéu trong Bang PL-1.
Theo do:

I- Hinh dang ngodi: Ca hai loai polyme x6p SGS-NT8 va nhya SGS-NT8(H")
déu c6 thé ¢ dang bot hay dong thanh khéi theo khuon, xdp nhe; néu 1a SGS-

~ r \ A X A \ + ~ )4 \ A
NT8 s¢ c6 mau nau sam; néu la SGS-NT8(H") s€ cd6 mau nau den.

2- Kiém tra dp bén twong déi: Ding dao sic thi cat mot khoi san pham thanh

miéng day 1 - 2 cm ma khdi san phim khong bi bé hay v& vun.

3- Kiém tra hinh thdi céu triic magng: Khi soi cac hat bt min hay bé mat da
mai nhin cua khdi san phdm dudi kinh hién vi soi n6i véi d6 phong dai 40X s&
thdy nhiing hat tron nhé mau nau den 1an d6 dinh két v6i nhau nhu mang trimg
c4, c6 cac 16 hong 16 chd trén bé mit; ddi voi SGS-NT8(H"), cac hat két co kich
thudc dong déu hon, cac 16 hong trén bé mat san pham 16n hon so voi polyme

SGS-NTS.

4- Kiém tra kich thudc cdc hat cau nhé va kich thwéc cdc 16 hong: Chup céac
mau kiém tra bang kinh hién vi dién tir quét (SEM) véi d6 phong dai X 2.000 —
5.000, trén hinh anh c6 ghi cac kich thudc nho nhét va 16n nhét cua cac hat hinh
cau; kich thudc nhé nhat va 16n nhat cia cac 16 hong. Véi cac mau di qua xur 1y

hoa hoc s€ c6 cac cham nho 1i t1 bam trén bé mat cac hat cau.

5- Kiém tra dp xép twong doi biang phwong phdp khoéi lwong: Véi ca hai loai
SGS-NT8 va SGS-NT8(H") cho déng khudn dé thanh vién hinh try kich thude:
[=2-3cm; D=2,8—-3 cm. Can vién nhua kho sau khi da séy & 120°C trong
2h. Ngam vién nhua trong cdc nudc cat cho dén khi vién nhya chim nam sat
day coc (2-3 ngay), vot ra dé trén ludi thép 3 phut cho vira rao, can khéi luong

wdt. PO x6p duoc tinh theo cong thirc:



P= [(my—my)/my]-d- 100
Trong do,

P:  phan traim thé tich c4c 16 hong tinh theo mot thé tich nhya kho, [%]

my: khdi lugng vién nhya kho, [g]

m,: khdi lugng vién nhya uot, [g]

m, - m=m, ~ V, (thé tich luong nudc ngam = thé tich 16 hong, [cm’])

d:  khéi luong riéng cua vién nhya kho, [g/em’].
6- Xdc dinh dung lwong trao doi cation toan phan (ham lwong nhém chirc)
clia SGS-NTS8(H") bang phwong phdp chuin dp axit-bazo: Cho vao binh tam
giac Erlenmeyer 250mL c6 nut day 0,5 g bot SGS-NT8 (H") va 100 mL dung
dich 1IN NaOH, hdn hop duoc dé yén & nhiét do phong trong 48 gid, thinh
thoang lac 1én. Dung luong trao doi cation toan phan cta nhwa dugc tinh toan tir

néng d6 NaOH con lai trong dung dich bén trén hdn hop.

Bang PL-1. Cdc chi tiéu chdt heong ciia SGS-NT8 va SGS-NTS(H)

STT Cic dic tinh SGS-NTS SGS-NTS8(H")
1 Hinh dang Bat, dong lihéi xép nhe, | BOt, dong khéi xép nhe,
ngoai mau nau sam mau nau den
5 Do bén twong | Xop mém, khi cat c6 thé | Xop mém, dé cat khong bo
doi d¢ bd vun vun

Céc hat cau rat nho chong
Céc hat rat nho chong | 1én nhau thanh mang nhiéu

3 Céu trac mang Ién nhau thanh mang 16 ,héng lién thong; phiéu
nhiéu 16 hong lién thong | cham nhd li ti trén bé mat
cac hat
4 Kich thudc hat 2.7 5.7

cau nho (um)
Kich thudc 16

> | héng (um) 2 i

6 | Poxép () ~70-75 A
Ha,m luQ’I’lg ~ 2,290 (H,SO,)

7 nhom chirc - ~ 2,578 (H;PO,)
(meq H'/g) ’ s




7- Hiéu sudt sdn phdm: Hiéu suat cta phan tng tong hop polyme SGS-NTS
duoc hiéu 14 phan trim san pham thu duoc so véi tong khéi lwong rin cac chit
tham gia phan tng tinh theo can bang vat chat va tinh theo cong thirc:
N =M, /M;)- 100
Trong do,
N:  hiéu suat phan tng, [%]
\Y . khéi luong san pham (polyme) thu duoc, [g]

M,: khdi luong cac chit rin tham gia phan tng, [g].

Hiéu suat san pham can dat > 80%.



Phu luc 2: ’ . . R
CAC HINH ANH LIEN QUAN

Hinh P1:

-
%

B SGS-NTS, khoi [
(LABOMED) =

Anh chup LABOMED — 40X: SGS-NT8 dang khdi Anh chup SEM: SGS-NT8 dang khéi



Hinh P2:

Anh chup LABOMED — 40X: SGS-NT8 duoc xu 1y voi Anh chuyp LABOMED — 40X: SGS-NT8 dang khdi duoc
5M H;PO, ¢ 100°C, 2h xt Iy v6i 5M H3PO4 & 120°C, 2h



Hinh P3:

0-110-130-130-100 gd, <y H3PO4
---=Nat, hi

Anh chup LABOMED — 40X: SGS-NT8 dang hat két, Anh chup LABOMED — 40X: SGS-NTS8 dang hat két,
chua dugc xir 1y véi axit da dugc xur 1y véi SM HsPOy4 ¢ 100,C, 2h



Hinh P4:

Anh chup SEM: SGS-NT8 chua xir 1y hoa hoc Anh chyp SEM: SGS-NT8 da xtr ly véi SM
H3POy; 100°C; 2h



Hinh P5:

SGS-81 {ngoai),
mit khoi

Anh chyp LABOMED — 40X: SGS-81, Anh chyp LABOMED — 40X: SGS-NT8(SH"),
dang khdi (Nga) dang khbi (mé TN nho)



Hinh P6:

-
% SGSSHHOT0R
Khéi, b2

SGS-PHO1/12/08
Khéi hi

Anh chup LABOMED — 40X: San pham SGS-NT8(SH”,  Anh chup LABOMED — 40X: San pham SGS-NT8(PH"),
dang khdi (mé TN 16n hon) dang khdi (mé TN 16n hon)



Hinh P7:

Anh chup: San pham SGS-NT8(SH") Anh chyp: San phdm SGS-NT8(PH"),



Hinh P8:

20kV  X1,200 10pm 0046 16 40 SEI 20KV  X1,200 0046 16 40 SEI

Anh chup SEM: San pham SGS-NT8(SH") Anh chyp SEM: San phdm SGS-NT8(PH"),



Phu luc 3: ,
Trich tai liéu tham khao s6 24:
NGHIEN CUU KHA NANG HAP PHU Ni**, Cu**, Zn** TREN NHUA

POLYME XOP SGS-NTS

Ngu)ién Thi Phwong Nam, Nguyén Minh Thu
Nguyeén Thi Minh Phuong, Pham Thi Hong Ha
TRUNG TAM CONG NGHE TINH CHE - VCNXH

...3.2.2. Khdo sat sw hdp phu ciia SGS-NT8 d6i véi cdc ion Ni°*, Cu’*, Zn’* trong
dung dich thai thuc

Bang 2- Nong do mot sé kim loai trong niuede thdi truée va sau khi qua cét nhira SGS-1

Ng. | Co[-10° | C[107 Ng. | Co10° |C[107°
T n[%] | TT | | n[%]
to mg/mL] mg/mL] to mg/mL] | mg/mL]
1 Mg 92820 51883 44,10 | 7 Cu 200,49 9,32 95,35
2 Ca 109705 56306 48,68 | 8 Zn 111,32 0,64 99,45
3 Cr 525,53 95,46 81,83 9 Se 8,48 0,24 97.17
4 | Mn 117,42 27,6 76,49 | 10 | As 6,47 1,47 77,27
5 Fe 2728 738 72,95 | 11 Cd 1,21 0,16 86,78
6 Ni 292437 53946 81,55 | 12 | Hg 4,06 0,07 98,28
Cy: Né:ng do nguyén té: trong nuoc thai chwa qua xuw ly
C: Nong dg nguyén 1o trong nudc thai sau khi xu [y
n: Hiéu suat hap phu cdc nguyén to trén nhya.

S liéu trong Bang 2 cho thay viéc xtr Iy nudc thai sau qua trinh xtr 1y ba thai
ran gidu niken bang SGS-1 (SGS-NT8 di qua xu 1y véi H,SO4) cho két qua tét,
ham luong phan 16n cic kim loai giam dang ké, trong d6 c6 Ni. Pdc biét ham
lugng mot s6 kim loai nang nhu: Cu, Zn, Fe, As ... déu giam Xuéng dén dudi muc

cho phép thai ra méi truong theo tiéu chuan quy dinh.



Hinh P9:

B¢ 6n nhiét Cot trao doi ion
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