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NGHIEN CUU PAC PIEM TiNH CHAT CUA PHUC PA BIEN TICH NOI
PHAN TU VA UNG DUNG TRONG CAI TAO PAT CHONG XOI MON

Nguyén Van Hoang?, Pham Hoai Nam?*, Truong Dinh Tuan? Nguyén Vin Hudng®"

Tém tit: Nghién ciru Ndy dé cdp dén ddic diém va tinh chat ciia phire IPECs dong thoi
ddnh gid kha ndng cé dinh 16p dat thong qua cdc thir nghiém kha ndang chong xéi mon do
0i6. IPECs duwroc hinh thanh béi twong tac giita cdc phdan polyme tich dién trdi ddu, bi hoa
tan trong dung dich muoi dién ly manh va co kha nang tao phirc voi cdac ion kim logi.
Pong thoi, I6p dat dwge xir 1y bang phite IPECs thi khoz leong mau thir gan nhwe khong
thay doi ¢ vin toc gié thir nghiém 30 m/s va & vin toc dong mede 20 cm/s. Phirc IPECs
dwgc hinh thanh sy tuwong tac gitta POlyDADMAC va PMAN la vdt liéu tiem nang dé co
dinh céc 16p ddt 6 nhiém ddc biét la cac 16p dat bi 6 nhiém kim logi ddc hai.

Tir khoa: Phirc hop lién polyme tich dién; C6 dinh dat.
1. MO PAU

Sy phat tan tht cip cac ngudn 6 nhidm 1a mot vin dé méi trudong duoc nhidu nha khoa hoc
quan tAm nghién ctru, ddc biét 1a sau cac su ¢ 6 nhiém moi trudng nghiém trong xay ra sau su
c¢b hoa doc, phong xa trong khu vue rong 16n [1, 4]. Mot s6 vat liéu da duoc thir nghiém ap dung
cho muc dich cb dinh bé mat dat khu vuc bi 6 nhiém nhu polyme ky nuéc, polyme wa nudc,
mudbi silicat, san pham dau mo [2, 4]. Tuy nhién, cac loai vat liéu nay khong mang lai hiéu qua
trong mot thoi gian dai. Cac loai polyme hoa tan trong nude sau khi dugc str dung bi loai bd khoi
bé mit dat bang nuéc mua din dén lam giam hiéu qua chéng x6i mon. Chat poyme ky nudc
khong thé phan bd dong déu trong dat, tép trung nhanh trén bé mat dét tao thanh mot 16p phu
mong va lam cho cac bé ‘mat dat khong thé tham thau khong khi [2, 3, 5]. Chinh vi vay, yéu cau
dat ra d6i v6i cac chét ¢ dinh 16p dt bé mat 1a can hoa tan trong nudc dé dé dang phén b trén
16p bé mit cta dat va sau khi duoc sir dung thi khong bi hoa tan trong nuéc dé ting hiéu qua cb
dinh 16p d4t bé mit theo thoi gian. Phirc da dién tich noi phan tir - IPECs 1a hop chat dap ung
duogc cac yéu cau trén. Dung dich IPECs dugc chuan bi trong cac dung dich mudi dién ly manh
va sau khi duge sir dung, cac phtrc IPECs dugce hinh thanh va khong hoa tan trong nude [5, 7].
Phtrc da dién tich ndi phan tir d dugc sir dung vao muc dich chng sy phat tan thir cip ciia khu
vue bi 6 nhiém trong tham hoa hat nhan & Chernobyl va Fukushima [4-6]. Tuy nhién, & nudc ta
hién nay chua c6 nghién ctru nao vé tinh chéit, dic diém va ung dung cua phirc da dién tich ndi
phén tir.

Vi vay, trong nghién ciru, cac thir nghiém xac dinh cac tinh chét, dic diém cua dung dich
IPECs dd dugc tién hanh. Dong thoi, danh gia hiéu qua chdng x6i mon do gi6 cua 16p dét khi
dugc xtr Iy bang dung dich phirc IPECs.

2. THU'C NGHIEM
2.1. Héa chit dung cu, thiét bi
2.1.1. Hba chdt

- Poly diallyldimethyl ammonium cloride (PolyDADMAC) - polycation, Mw >100.000, 35%
H>0, 100-250 cP, Macklin — Trung Quoc;

- Sodium polymethacrylate (PMAN) — polycation, (CsHsO:Na)n, 50% H.O, Weng Jiang
Regent Trung Quoc;

- NaNOs, 99%, Xylong Trung Quéc; Ni(NOs),.6H,0, 98%, Xylong, Trung Quéc.
2.1.2. Thiét bi, dung cu
- M4y quang phd plasma phét xa khéi phd 7900 ICP-MS;
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- Can phan tich Ohaus PX224/E, can ky thuat Ohaus PX5202E;

- Quat con so cao ap QLT-4P, cong sudt 1,5 kW;

- Thiét bj ly tim LC-04P;

- May do tdc d6 gié cam tay Tenmar TM-412;

- C4c dung cu thity tinh can thiét: binh dinh muc, dng dong, cbc thuy tinh, diia thay tinh,...

2.2. Phuwong phap nghién ciru

Mau dét trong cac thir nghiém duogc chuén bi bing cach nghjén min va sau d6 sang qua ray co
kich thudc 0,105’mm dé loai bo CE’I‘C hat c6 kich thudc 1on. Mau dat dugc st dung trong nghién
ctru thudc loai dat cat co thanh phan hoa hoc 80% cat, 10 — 15% bun va 5 — 10% sét. Sau do,
mau dat dugc say kho ¢ 80 °C va dugc bao quan d€ str dung cho cac thir nghiém. Cac mau thu
nghiém kha nang chong x6i mon do gi6 dugc chuan bi trong céc dia petri ¢6 duong kinh khoang
10 cm. Sau d6, cac mau dugc dat trong mo thir nghiém dé danh gia mirc d¢ x6i mon do gio.

Xac dinh n(k)ng’d(f) ion kim loai bang phuong phap phan tich khdi phd bing may quang phd
plasma phét xa khoi pho 7900 ICP-MS (Agilent).

3. KET QUA VA THAO LUAN

3.1. Anh huéng ciia ndng dd chat dién ly manh dén twong tac giira polycation va polyanion
trong dung dich

Dé nghién ctru anh hudéng cia chit dién ly manh dén tuong tac giira PolyDADMAC va
PMAN trong dung dich, cac dung dich dugc ché tao véi ham luong thanh phan PolyDADMAC
2% va PMAN 2%. Hon hop dugc bo sung thém céc chat dién ly manh NaNOs véi nong do khac
nhau, thay doi tir 0% dén 3%. Cac két qua thir nghiém duoc chi ra trong hinh 1.

2,996 NaNO= 32,0926 NaNOs3

Hinh 1. Anh huéng nong dé NaNOs dén su twong tdc giita PolyDADMAC
va PMAN trong dung dich.

Tir hinh 1, nhan thay dung dich khi khong c6 chat dién ly manh thi trong dung dich hinh
thanh phuc da dién tich noi phan tir (IPECs) keo tu dudi dy cdc thily tinh do twong tac tinh dién
gifta polycation (PolyDADMAC) va polyanion (PMAN) trong dung dich. Khi ham lugng NaNOs
trong dung dich tang 1én 2,5% thi dung dich thu duoc mau trang duc, con khi nong do NaNOs
tang 1én 2,9 - 3,0% thi dung dich trong sudt. Dicu nay co6 thé dugc giai thich 14 do khi & nong do
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mudi thap thi sy tuong tac giita cac dai phan tir tich dién trai ddu dan dén sy trung hoa dién tich
va hinh thanh cac dai phan tir ¢6 khéi lwong 16n, chira cac doan mach ky nuéc, tach khoi dung
dich [6, 8, 9]. Khi nong d6 mubi NaNOj3 tang lén giam mic d6 twong tac giita cac dai phén tir,
cac nhom tich dién trén mach dai phan tir dugc bao quanh boi céc ion tich dién trai dau ctia mubi
NaNOs, cac dai phan tir polycation va polyanion tdn tai riéng 1€, doc lap trong dung dich.
3.2. Anh huéng ciia ti I¢ polycation va polyanion dén sy hinh thanh phitc IPECs trong
dung dich

Dé nghién ctru lya chon dugc ti 1¢ polycation va polyanion phii hgp cho qué trinh hinh thanh
phirc IPECs trong dung dich, cic dung dich dwoc chuan bi véi ti 1¢ PolyDADMAC va PMAN
khéc nhau trong dung dich NaNOs 3%. Sau d6, 1iy chinh xac 20 ml dung dich trén va thém 20
ml nude cit dé xay ra qua trinh tao phitc IPECs trong dung dich. Xac dinh thanh phan két tua
tach ra khoi dung dich, sdy kho dén khi lugng khong doi trong khoang 80 °C trong 8 dén 10
gio. Ty 1¢ ham lugng PolyDADMAC/ PMAN va két qua thyc nghiém dugc chi ra & bang 1.

Bing 1. Khéi lwong IPECs tao thanh trong dung dich & cdc ti 1é PolyDADMAC va PMAN.

TT | Ti 16 PolyDADMAC/ PMAN (%wt / %wt) | mipecs , @
1 0,75: 2,25 0,2168
2 1,0:2,0 0,2792
3 15:15 0,3142
4 2,0:1,0 0,1945
5 2,25:0,75 0,1225

Tir két qua thr nghiém & bang 1 nhan thdy rang, khi ting ham luong polymethacrylate
(PMAN) trong hdn hop polyelectrolyte thi tong khéi lugng phirc IPECs keo tu trong qué trinh
thir nghiém tang 1én va dat gia tri 16n nhat & ti 16 PolyDADMAC/ PMAN la 1/1. Tuy nhién, khi
tang ham lugng mot trong hai thanh phan tang 1én qué cao thi tong khéi lugng phirc IPECs keo
tu trong qua trinh thir nghiém giam di. Didu ndy dwoc giai thich 1a do khi ting ham lwong mot
trong hai thanh phﬁn thi phirc IPECs dugc hinh thanh ¢6 chira nhiéu doan mach mang dién tich,
c6 kha nang hoa tan trong nudc.

3.3. Nghién ciru kha ning tao phirc véi cac ion kim loai ctia phirc IPECs

Pé danh gia mic d6 tao phic ciia cac ion kim loai Co*, Ni%*, Sr2* va Zr** véi cac phic
IPECs, tién hanh thi nghiém xac dinh ham luong ion kim loai trong dung dich trudc va sau khi
tao phirc véi phitc IPECs. Dung dich chira ion kim loai dugc thém thanh phan polyanion
(PMAN) va sau d6 dugc thém tir thanh phan polycation (PolyDADMAC) dé keo tu phtrc IPECs
v mot ti 1€ nhét dinh. Nong d6 ion kim loai trong dung dich khoang 200 mg/l, ham lugng phuc
IPECs (bang tong ham lugng polycation va polyanion & ti 1¢ 1:1 vé khdi lugng) 1an luot 1a 0%,

1%, 2%, 4% va 6% lan luot twong tmg véi cac mau MO, M1, M2, M3 va M4. Sau do, tién hanh
loai bo thanh phan keo tu bang phuong phap ly tim, dong thm xac dinh ndng d6 ion kim loai cua
dung dich.

Két qua phan tich phd tin xa ning luong tia X — EDX (hinh 2) cua phuc IPECs cia
PolyDADMAC — PMAN va céc ion kim loai chi ra rang, phd cua cac phirc IPECs khi duoc tao
thanh trong dung dich chtra ion kim loai thi déu xuét hién cac pic déc trung ctia cac ion kim loai
tuong ung. Phd phirc IPECs keo tu trong dung dich mudi Zr#, Sr2*, Ni%*, Co?* xuét hién pic dic
trung ctia kim loai twong img nhu Zr** & gia tri 2,1 keV, Sr?* & gia tri 1,825keV, Ni?* ¢ gia tri 0,87
keV, Co* ¢ gia tri 0,82keV. Piéu ndy chimg to, cac phitc IPECs c6 kha ning tao phirc voi cac ion
kim loai [3, 7].

Céc két qua xac dinh ndng d6 ion kim loai trong dung dich v&i nong d6 phtrc IPECs
khac nhau trong dung dich duoc chi ra ¢ bang 2.
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Hinh 2. Két qud phan tich phé EDX hon hop phirc IPECs va cdc ion kim logi.
Bing 2. Anh huéng nong dé tao phire IPECs dén nong dg ion kim logi trong dung dich.

STT Ten mau = N[(\)|?2% d0 ion kim 1;);321; mg/l —=
1 MO 207,9 199,8 191,89 195,85
2 M1 78,3 126,8 143,2 151,2
3 M2 65,7 74,1 81.6 76,07
4 M3 38,3 36,0 55,3 54,5
5 M4 35,4 35,7 44 4 51,2

Tir cac két qua bang 2, ndng do ion kim loai Co?, Ni?*, Sr** va Zr** déu gidm khi nong do
phurc IPECs trong dung dich tang Ién, tuy nhién, muic gidm nong d¢ cua cc kim loai khac nhau
khong giong nhau. Nong d9 ion kim loai gan nhu dat can bang & nong d¢ phtre IPECs la 4%, véi
ion Co* va Ni** nong d¢ dat can bang khoang 35 mg/l (5,9x10“ M), v6i ion kim loai Sr** nong
d¢ dat can bang 44,4 mg/l (5x10* M), véi ion kim loai Zr** nong d¢ dat can bang khoang 51,2
mg/l (5,6x10* M). Diéu nay ching t6 rang, phirc IPECs ¢6 thé hap thu va tao phirc duge voi cac
ion kim loai trong dung dich & nong d6 khoang 30 — 50 mg/I.

Qua céac két qua thir nghiém, phirc IPECs c¢6 kha ndng tao phirc manh voéi cac ion kim loai mo6
phong phong xa nhu Ni**, Co*, Sr** va Zr**, va co thé tao phirc véi cac ion kim loai trong dung
dich & nong do 30 — 50 mg/l tuong duwong v4i nong do 5x10“M dén 6x10* M.

3.4. Nghién ctru kha niing chdng x6i mon bui dét do gié, do nwéc cia phirc IPECs
3.4.1. Kha ndng chong x6i mon do gi6

Kha ning chéng x6i mon cua bui dit sau khi dwoc xir ly bang dung dich phure IPECs duoc
danh gia thong qua thr nghiém danh gia mirc d6 x61 mon mau dat & cac vén toc gio khac nhau
trong khodng thoi gian 20 phat. Cac mau thir nghiém duge chuén bi cach trén bui dqt v6i dung
dich phirc IPECs véi ti vé khoi lugng phire IPECs /buyi dat nhu trong bang 3. Sau d6 hon hop trén
duoc bd sung nude cat vdi ty 1€ v€ the tich nude / dung dich IPECs la 1:1. Bui dat dugc xu ly
bang phirc IPECs sau d6 duogc cho vao dia thiy tinh va dé kho tu nhién trong vong 3 — 4 ngay
trude khi thir nghi¢ém danh gia mirc d¢ x6i mon do gi6 & cac van toc gio 10 m/s, 20 m/s va 30
m/s. Cac ket qua thur nghiém dugc chi ra ¢ bang 3.

Bing 3. Anh huéng ham lrong dung dich IPECs dén kha ning chong xéi mon do gi6 bui dat.

‘1A . Lz Khoi Iugng bui mat mat, g
TT Ti 1€ IPECs/ bui dat 10m/s 20 m/s 30 mis
0 - 7,294 12,699 41,651
1 0,05:1 0,105 0,321 0,584
2 01:1 0,094 0,195 0,316
3 02:1 0,067 0,179 0,123
4 04:1 0,066 0,136 0,139
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Tir cac két qua & bang 3, nhan thiy rang, khi bui dat dugc xtr Iy bang dung dich phirc IPECs
¢6 kha ning chbéng x6i mon do gi6 ¢ van téc gio 30 m/s. Khi ham luong st dung dung dich
IPECs tang 1én 1am ting kha ning chdng x6i mon do gi6. Diéu nay dugc giai thich 13 trong phan
tir IPECs c6 chira cac doan mach phan tir trung hoa dién tich nén cé tinh chét ky nudc, bén canh
d6 phén tir IPECs c¢6 chira cac doan mach phan tir khong trung hoa dién tich nén co tinh chat wa
nuée. Chinh vi vay cc phan tir ndy c6 kha ning lién két voi cac voi cac hat bui dit va tao thanh
cac cau lién két v6i nhau, 1am ting kha ning chong x6i mon do gi6 [1, 6].

3.4.2. Kha ndng chéng xéi mon do nuée
Kha ning chdng x6i mon bui dat do nudc sau khi duge xir 1y béng dung dich phue
IPECs dugc danh gia thong qua thir nghiém danh gia mic d x61 mon méau dat duoi tac dong
dong nudc v6i van toe nudc khac nhau trong khoang thoi gian 1a 60 phat. Cac mau thi nghlem
duoc chuan bi twong ty nhu myc 3.4.1 trudc khi dugc thir nghiém danh gia kha nang chong x01
mon do nude & van tée dong nude 5 cm/s, 10 cm/s va 20 cm/s. Két thuc qua trinh thir nghiém,
cac mau thir nghiém dugc dé kho tu nhién va siy ¢ nhiét d6 60 °C trong 6 — 8 gio. Cac két qua
thir nghiém duoc chi ra ¢ bang 4.
Bing 4. Anh hwéng ham heong dung dich IPECs dén khd ning chong x6i mon do nwée bui dat.

- Ti 16 IPECs/ bui dit Khoi luong bui dat mat di sau thir nghiém, g
5cm/s 10 cm/s 20 cm/s
1 Nudc 19,34 30,74 69
2 0,05:1 5,4 7 17,8
3 01:1 1,4 1,8 9,6
4 02:1 0,4 1,2 3
5 04:1 0,2 0,2 2,8

Két qua bang 4 chi ra rang, cac mau bui dat dugc xir ly bang dung dich phtc IPECs c6 kha
ning chong x6i mon ctia dong nudc & van toc 20 cm/s & ti 1& khéi lugng IPECs/ bui dét 16n hon
0,2%. Khi ham luong sir dung dung dich IPECs tang 1én ham lam ting kha ning chdng x6i mon
do nuéc. Di véi mau bui duge xir 1y bang nude, dudi tac dong dong nude cac hat bui dat co xu
hudng tach rdi nhau va bi cudn theo dong nude, con véi cac mau duge xur 1y bang dung dich
phirc IPECs, cac hat bui c6 lién két v6i nhau tao thanh cac tip hop 16n hon, khéng bi x6i mon
duéi tac dung dong nude. Cac két qua thir nghiém nay duoc giai thich tuong tu nhu trong thir
nghiém danh gi4 kha ning chéng x6i mon do gio.

4. KET LUAN

1. Nong d6 chat dién ly manh trong dung dich phirc da dién tich ndi phan tir (IPECs) anh
hudng truc tiép sy twong tic giira polycation va polyanion. Trong dung dich mubi NaNO3 ndng
d6 16m hon 2,9%, thi hdn hgp PolyDADMAC va PMAN ton tai riéng r& trong dung dich. Ddi voi
hon hop PolyDADMAC, PMAN va NaNOs, thi véi né)ng d6 mudi NaNOs 16n hon 2,9% thi phan
ti PolyDADMAC va PMAN it twong tac vdi nhau trong dung dich.

2. Ti 1& ham luong polycation va polyanion anh huong dén kha ning tao phtc IPECs trong
dung dich.

3. Céc phuc IPECs ¢6 kha ndng tao phirc v&i cac ion kim loai nang nhu Co?*, Ni?*, Sr?* va
Zr** & ndng do rat thap tir 5x10M dén 6x10M.

4. Cac phuc IPECs c6 thé sir dung dé xir Iy cac 16p dat bi 6 nhiém dé chdng lai qua trinh xoi
mon do gid, do nudc tranh sy phat tan thir cip 6 nhiém ra moi tru(:)’ng xung quaph.

Loi cam on: Nhom tac gla cam on sy tai trg vé kinh phi cua dé tai KC-AT cap BOP 2018-2020:

Nghién ciu ché tao hop chdt va phiong tién ngan chan sw phdt tan ciia bui phong xa phdt sinh tir cdc vu
né va sw cé hat nhan.
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ABSTRACT

CHARACTERISTICS OF INTERPOLYELECTROLYTE COMPLEXS AND APPLICATION

FOR SOIL IMPROVEMENT AGAINST EROSION

The study deals with the properties of the interpolyelectrolyte complexs (IPECs) and
evaluates the soil's immobilization ability through wind erosion resistance tests. IPECs
are formed by interaction of oppositely charged polyelectrolytes, dissolved in strongly
electrolytic saline solution and complex with metal ions. The soil layer treated with
IPECs, the sample weight was almost unchanged at the test wind speed of 30 m/s and the
test water speed of 20 cm/s. IPECs are formed by interaction of poly diallyldimethyl
ammonium cloride and sodium polymethacrylate are potential materials to immobilize
contaminated soils, especially those contaminated with toxic metals.

Keywords: Interpolyelectrolyte complexs; Polyelectrolyte; Soil fixation.
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