Bién tinh nhua acrylic thong thuong
dé lam ching tan duoc trong nudc

Hudng dan chi tiét vé cic phuong phap bién tinh héa hoc d€ chuyén déi nhya acrylic rin hodc c6

ham lugng ran cao thanh dang tan trong nuéc thong qua viéc thém nhém chirc wa nudec.




Téng quan vé nhua acrylic thong thuong

Nhuya acrylic "thong thudng" (thuong dya trén poly(methyl methacrylate) - PMMA hodc cic

copolymer tuong ty) 12 hydrophobic (khong tan trong nuéc), véi ham lugng ran cao (solid content > P M M A
50-100%) hodc dang rin (nhu bot hodc vién). Chiing tan tét trong dung moi httu co (nhu toluene,
acetone) nhung khong tan trong nuéc do thiéu nhém chic va nude. CH
3
Dé lam ching tan trong nudc, ban cin gisi thiéu tinh hydrophilic (wa nudc) thong qua bién tinh hoa HZC\ |
hoc, thudng bing cich thém nhém ion héa nhu carboxyl (-COOH) hoic sulfonate, sau d6 trung hoa |
) n
dé tao muéi tan nudec. C\ i
/
CH,
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C6 thé bién tinh duoc khong?

C6, nhung phu thudc vao loai nhya goc:

® Néu nhuya acrylic ctia ban da chita mét lugng nhé nhém carboxyl (tir monomer nhu acrylic acid — AA hodc methacrylic acid - MAA), viéc bién tinh sé dé dang hon. Nhiéu

loai nhya thuong mai (nhu Joncryl® ctia BASF hoidc Eudragit® ctia Evonik) dugc thiét ké sdn cho viéc nay.

e Néula nhya "thuian" (khong ¢ nhom chic), ban cin bién tinh héa hoc dé thém nhém hydrophilic — diéu nay phitc tap hon va cé thé yéu cdu thiét bi phong lab hodc nha

may.

e Khong phai tit ca déu kha thi 100%: Nhya c6 khéi lugng phan t rdt cao (Mw > 500,000) hodc do két tinh cao ¢6 thé khé tan hoan toan ngay ca sau bién tinh.



Cac phuong phap bién tinh chinh

Duéi day la cic cich phd bién dé€ chuyén nhya acrylic rin hodc ham lugng rin cao thanh dang tan nudc. Toi tip trung vao phuong phap an toan va thyc té:

Trung hoa truc ti€p

Néu nhya da ¢ nhém carboxyl

Hoa tan nhya rin trong dung moéi htu co
Thém amin/amoniac dé tao mudi carboxylate

Loai bé dung méi httu co va pha loang véi

nudc

Phuong phap 2: Bién tinh héa hoc

Thém nhém hydrophilic néu nhya khong cé san

Ghép copolymer héa véi monomer ua nude
Phén Ung ester héa hodc amid héa

Sulfonation d€ thém nhém sulfonate

Phuong phap 3: Chuyén dang nha
tuong

Tao hé phén tén 6n dinh
* Nghién min nhya rin
® Nhi héa véi chat hoat dong bé mat

* Thém nuéc d€ tao huyén phu 6n dinh



Quy trinh trung hoa truc tiép chi

o A

tiet

Quy trinh co ban:
01 02
Hoa tan nhya ran Thém chat trung hoa

Hoa tan nhya rin trong dung méi hitu co (nhu

ethanol hodc acetone) d€ tao dung dich.

03

Thém amin/amoniac (ty 1¢ 0.5-1.0 duong lugng
so v6i ~COOH) dé tao muéi carboxylate (-COO-
NH4*).

Loai b6 dung moi

Loai bé dung méi htu co bang cich bay hoi hodc chung cit, r6i pha loang véi nude dé duge dung

dich tan nudc.

Két qua: Nhya tré nén tan trong nude & pH 7-9, véi dd nhét diéu chinh dugc.



Luu y quan trong va thach thic

biéu kién thuc hién:

Can kiém sodat nhiét do, pH, va ty 1¢ d€ tranh két tia hodc phan huy polymer. Thu

nghiém & quy mo6 nho truéce (lab scale) dé t6i vu.

Sau bién tinh, nhya c6 thé thay d6i d6 bén, do trong suét, hodc d6 bim dinh - vi dy,

tang tinh tan nudc c6 thé lam gidm kha ning chong nuéec.

An toan va moi truong:

St dung amin bac cao nhu DMEA dé gidm mui va bay hoi (nhu ching ta da thao

luan trudc). Tranh amoniac néu lam viéc véi g, vi ¢6 thé gay tham mau.
Chi phi va kha thi:

Phuong phép nay phd bién trong cong nghiép, nhung néu nhya goc cia ban 1a hang
thuong mai, hay kiém tra tai liéu nha san xuit (MSDS) dé€ xem c6 khuyén nghi bién

tinh khong.

[ Vidu thyc té& Nhiéu cong ty nhuw Dow Chemical hoic Arkema sian xuit nhya acrylic bién tinh sin, nhung néu ban muén ty lam, c6 thé tham khio tai liéu nhu

"Handbook of Waterborne Coatings" d€ huéng dan chi tiét.



Toéng quan vé phuong phap grafting

Grafting la gi?

Day 1a qud trinh ghép (graft) mot chudi polymer mdéi (goi 1 "graft chain") 1én chudi polymer géc (backbone), thudng 12 nhya acrylic nhuw PMMA hodc copolymer ctia né. Muc

tiéu 1a thay ddi tinh chit ctia polymer géc ma khong lam thay d6i cdu tric chinh qué nhiéu.

Loi ich chinh:

*  Acrylic ¢6 cdu tric dé tiép can cho phén ng radical ty do (free radical), gitp * Ting tinh tan nuéc ma van giw do bén co hoc cia polymer géc.
ghép cdc monomer wa nude nhu acrylic acid (AA) hoge methacrylic acid * Phuong phép nay phé bién trong cong nghiép dé san xudt coatings nudc, chit

(MAA). két dinh, hoic vat liéu y sinh.

e Ké&t qua la polymer méi ¢6 nhém carboxyl (-COOH), ¢6 thé trung hoa bing

amin/amoniac dé tao mudi tan nuéc (nhuw —~COO~ NHa4*).

C6 nhiéu loai grafting (nhu anionic, cationic, hodc plasma), nhung toi sé tip trung vao free radical grafting — loai phé bién va dé thyc hién nhat cho nhya acrylic.



Quy trinh grafting tung bu6c

Dudi day 1a huéng dan chi tiét cho quy trinh co ban, thudng thyc hién & phong lab hodc nha méy. Luu y: Pay 1a quy trinh téng quat; ban nén tht nghiém & quy mo nhé va

tuan tht an toan (st dung kinh bao h¢, ging tay, va thong gié tét vi lién quan dén hoéa chit dé chay).

e

Budc 1: Chuan bi polymer géc

Chon nhva acrylic dang ran hodc ham lugng ran
cao (vi du: PMMA véi Mw 50,000-200,000). Hoa
tan hodc nghién min polymer trong dung moi phu
hop (nhu toluene, acetone, hodc nude néu la hé
nhii twong). Néng do thudng 10-30% wt dé dé xu
ly.

Key point: Polymer géc can c¢6 vi tri "hoat héa"

(nhu lién két C-H yéu) dé khéi dau phan ung.

g

Budc 2: Chon monomer graft va chat
khéi xuéng

Monomer graft: St dung cic monomer ua nudc

nhu:

*  Acrylic acid (AA) hodc methacrylic acid (MAA)
dé thém nhém —~COOH.

* Hydroxyethyl methacrylate (HEMA) dé thém
nhém hydroxyl (-OH), ting tinh hydrophilic.

e Tylé: Thuong 5-20% wt so véi polymer goc dé
tranh lam polymer qud hydrophilic.

Chit khéi xudng: Peroxide (nhu benzoyl peroxide
- BPO) hoic azo compound (nhu AIBN -
azobisisobutyronitrile) dé tao radical ty do. Liéu

lugng: 0.1-1% wt.

®

Buédc 3: Thuc hién phan ung grafting

Diéu kién phan ung:

* Nhiét do: 60-100°C (thudng 80°C cho acrylic
dé tranh phan huy).

* Thoi gian: 2-6 gio, dudi khudy lién tuc va khi
tro (nito) d€ trdnh oxy hoa.

*  Moi truong: Co thé 1a dung dich (solution
grafting) hodc nhii tuong (emulsion grafting) -

emulsion dé hon cho sin phidm tan nudec.

Co ché: Chit khéi xuéng phan huy tao radical, tdn
cong polymer goc dé tao vi tri hoat héa. Monomer
graft sau d6 polymer héa va ghép vao, hinh thanh

cdu trac "graft copolymer” (vi du: PMMA-g-PAA).



Cac budc hoan thién quy trinh grafting

Y4 gy

Buéc 4: Lam sach va tinh ché Budc 5: Kiém tra va trung hoa

Két thiic phan ¢ng bing cich 1am lanh va két taa polymer (st dung methanol hodc Kiém tra bing ky thuat nhu FTIR (xdc nhan nhém ~-COOH méi), NMR, hoic do

nudGc dé tich monomer du). Rra sach bing dung moi dé loai b6 homopolymer d6 tan nuéc. D€ lam tan nude: Trung hoa bing amin (nhu DMEA) & pH 7-9, pha
(chudi khong ghép) va tap chit. Sy kho dé thu polymer bién tinh dang bot hoic loang v6i nuéce d€ duge dung dich 6n dinh.
dung dich.

Vi du cong thiac don gidn:

Hoa tan 10g PMMA trong 50ml toluene.
Thém 2g AAva 0.1g BPO.
Dun néng & 80°C trong 4 gid dudi khudy.



Uu diém va nhuogc diém caa grafting

Uu diém:

¢ Linh hoat: Cé thé tuy chinh ty 1¢ graft d€ kiém soat muc do tan nudec.
* Giwrnguyén tinh chit géc: Polymer van gitt d6 bén, do trong subt cao.

e Ung dung réng: Ding cho coatings g (tranh thim mau néu diing amin bac cao), myc in, hoic hé phan phéi thudc.

Nhuoc diém:

* Phiic tap: Yéu cdu thiét bi (16 phin ¢ng, may khudy) va kiém sodt chit ché dé tranh phan ng phu (nhu crosslinking).
* Hiéu suat: Khong phai 100% monomer ghép thanh cong; c6 thé tao homopolymer du thua.

¢  Chi phi: Cao hon trung hoa tryc tiép néu polymer goc khong c6 san nhém chirec.



Luu y thuc té va an toan cho grafting

An toan:
Bait dau vdi ty 1é graft thidp (5%) dé thi nghiém. St dung phdn mém mé phong Monomer nhu AA ¢6 tinh dn mon; initiator nhu BPO dé chdy né néu khong
(nhu Aspen Plus) néu ban dang & quy moé cong nghiép. kiém soat nhiét. Luén lam viéc & moi truong thong gié va kiém tra SDS (Safety
Data Sheet).
Vi du thuong mai: Thach thic véi go:
Céc san phdm nhu Joncryl® HPD (BASF) st dung grafting d€ tao nhya acrylic Néu 4p dung cho gb, chon graft véi nhém it bay hoi dé tranh "kéo d4au" nhu

tan nudc cho muc in. ching ta da thao luan.



Quy trinh thuc té: Bién tinh nhya acrylic bang grafting véi

acrylic acid

Muc tiéu

Ghép acrylic acid (AA) vao polymer géc (PMMA) d€ thém nhém ~COOH, gitip polymer hydrophilic va c6 thé tan trong nudc sau trung hoa.

Nguyén liéu va Thiét bi (cho 16 10g PMMA)

* Polymer goc: 10g PMMA (dang bot hoidc vién, Mw ~100,000).
* Monomer graft: 1-2g acrylic acid (AA, tinh khiét >99%).

* Chat khéi xudng: 0.1-0.2g benzoyl peroxide (BPO).

¢  Dung mo6i: 50-100ml toluene hodc acetone.

¢ Khi tro: Nito (N2).

¢ Khac: Methanol (cho két ttia), KOH 0.1N (cho chudn dé kiém tra).

Thiét bi: Binh phan tng 3 ¢6 (250ml), méy khudy tlr, thermometer, hé héi luy, 1o

suoi, ti hat khoi, can chinh xac, pipet.



Phan ang héa hoc va cac buéc thuc hién

* Coché: Free radical grafting.

¢ Khéi dau: BPO - radical — tin cong PMMA.

e Lan truyén: PMMA-. + CH2.=CH-COOH - PMMA-g-PAA (véi nhém ~-COOH).

e Keét thac: Radical két hop.

e Cong thuc chinh: PMMA + AA - PMMA-[CH:-CH(COOH)]rm (m = d¢ dai nhénh graft).

Chuin bi (30-60 phut)

Trong ta hit khoi, d6 10g PMMA vao binh phén ¢ng. Thém
50ml toluene, khudy & 60°C duéi dong nito dén khi PMMA

tan hoan toan (dung dich trong suét).

Thuc Hién Phan Ung (4-6 gio)

Tang nhiét do lén 80-90°C (key point: Khong vugt 100°C dé
tranh n6é BPO). Khudy déu ¢ 300-500 rpm, duy tri nhiét d6 6n

dinh. Theo d6i: Dung dich c6 thé tang d6 nhét hodc duc nhe.

1 3 4
Thém Chit Phian Ung (5-10 phut) Két Thuc va Tinh Cheé (1-2 gio + sdy)
Thém 1-2g AA vao dung dich. Thém 0.1g BPO (hoa tan truéc Lam lanh binh xuéng nhiét d6 phong. DS dung dich vao
trong 5ml toluene néu cin). Két ndi hé hoi luu va ting dong 200ml methanol dé€ két tua polymer. Loc sdn phdm, ria 2-3 lan
nito dé€ loai bo oxy. biang methanol dé loai monomer du. Say khé & 50°C trong 10

chan khong (24 gid) dé thu bot polymer bién tinh (ning suit
~80-90%).



Polymer Structure

Nhan biét polymer goc c6 lién két C-
H yéu

Rait can thiét dé€ danh gid kha ning grafting thanh cong. Véi kinh nghiém cta ban trong vai tro Giam
doc, t6i hi€u ban can thong tin cu thé va thyc té dé€ ap dung trong du an. Toi sé giai thich chi tiét cich
nhén biét thong qua ciu tric phéan t dic thu va cic phuong phap phan tich, gitp ban lya chon

polymer pht hop cho grafting.

Branched Cro



Nhan biét bang ciu trac phan t&

C6, ban hoan toan c¢6 thé nhan ra bing c4u trac phan ti. Lién két C-H yéu thudng xuat hién & cic vi tri dic biét trong chudi polymer, va toi sé chi ra cic ddu hiéu cdu trac cu

thé cung phuong phap kiém tra.

Cac vi tri cé lién két C-H yéu trong polymer acrylic



Cac loai lién két C-H yéu

Lién két C-H yéu 1a nhiing lién két dé bi tdn cong bdi radical ty do do nang lugng lién két thip hodc do hiéu ing cong hudng/cam tng tir nhoém chire 1an cin. Trong nhya

acrylic, cc vi tri nay bao gom:

[z

Carbon bac 3 (tertiary carbon)

Ciu trac dac trung: Carbon lién két véi 3 carbon khic, thuong trong chudi

chinh cta polymer acrylic.
Vi du trong PMMA: -CH:-C(CH3)(COOCH3)-CH2- (carbon ¢6 d4u * 1a bac 3)

Ly do yéu: Carbon béc 3 tao radical 6n dinh hon (do hiéu tng siéu lién hop -
hyperconjugation), lam ning lugng lién két C-H thip (~390-400 kJ/mol so v&i
~410-420 kJ/mol & carbon bac 1).

Carbon benzylic (néu c6 nhém thom)

Ciu trac: Carbon lién ké véi vong benzene (-CH2-Ph hodc ~-CHR-Ph).
Vi du: Trong polystyrene hoac acrylic c6 nhém phenyl.

Ly do yéu: Radical benzylic dugc 6n dinh béi cong hudng vdi vong thom.

Carbon a (alpha) v6i nhéom electron-withdrawing

C4u truc: Carbon lién ké véi nhém hit electron nhu carbonyl (C=0), ester (-

COOR), hoic nitrile (-CN).

Vi du: Trong poly(methyl acrylate), -CH2-~CH(COOCH3)-CHaz~ (carbon Q véi

ester)

Ly do yéu: Nhém hiit electron 1am carbon mang mot phan dién tich duong, lam

yéu lién két C-H.

Carbon allylic (lién ké lién két d6i)

Ciu trac: Carbon canh lién két C=C (it gdp trong acrylic d3 polymer h6a hoan

toan).

Ly do yéu: Radical allylic 6n dinh do cong hudng.



Cach nhan biét bang ciu tric phan t& cu thé

Dbé danh gia polymer acrylic cta ban, hay phén tich theo cic budc sau:

01 02 03
Buéc 1: Xac dinh monomer goc Budc 2: Vé cau truac lap lai (repeat unit) Budc 3: Danh gia mat do vi tri yéu
* Methyl methacrylate (MMA): Tao PMMA c6 Vi du PMMA: [-CH.-C(CHs)(COOCH3s)-], * Cao: 1 carbon bac 3/repeat unit (nhu PMMA) — Dé

carbon bic 3 Tt cho grafting. bénh ddu carbon béc 3: C(CHs)(COOCH3) « Vi tri yéu grafting.
* Methyl acrylate (MA): C6 carbon O vd&i ester *  Trung binh: Chi c6 carbon a (nhu polyacrylate) —
DPanh ddu carbon a: -CHz~ (lién ké carbon bac 3) « Vi o
nhung khéng cé carbon bac 3 — Trung binh. ] Can diéu kién manh hon.
tri yéu thu hai
¢ Styrene: C6 carbon benzylic — Rat tot cho grafting. *  Thap: Polymer no bao hoa khong ¢6 nhém chie dac

e Ethyl acrylate (EA): Tuong ty MA — Trung binh. biét (nhu polyethylene) — Kho grafting.



Phuong phap kiém tra thuc nghiém

Ngoai phan tich cdu tric, ban ¢ thé xic nhin bang cic phuong phap sau:

& Thi nghiém grafting don gian }9 Phan tich nhiét DSC/TGA
Thuyc hién grafting th v6i diéu kién nhe (80°C, 2 gio, it initiator). Néu ¢6 Polymer c¢6 C-H yéu thudng c6 nhiét d6 phan hay thap hon (do dé tao
grafting (do bing acid number ting hoidc FTIR), polymer c6 C-H yéu. radical).
Tiéu chi: Acid number ting >10 mg KOH/g — Cé C-H yéu. Dau hiéu: Bit ddu mit khéi lugng duéi 250°C ¢6 thé chi ra C-H yéu.
D "H-NMR spectroscopy Q FTIR d€ xac nhan nhém chirc
Proton & carbon bac 3 hodc d thudng c6 chemical shift dac trung. Tim pic C=0 (1730-1750 cm™) chi ra ester - C6 carbon a yéu.
Vi du: Trong PMMA, proton O xuit hién & 1.8-2.2 ppm, khéc biét vi CHs Pic C-H bac 3 (~2950-2970 cm™) manh — Cé carbon bic 3.

(1.0 ppm).



Biang tém tat cic loai polymer acrylic pho b

Polymer

PMMA

Poly(ethyl acrylate)

Polystyrene

Poly(butyl acrylate)

Copolymer MMA/BA

Monomer goc

Methyl methacrylate

Ethyl acrylate

Styrene

Butyl acrylate

MMA + Butyl acrylate

Vi tri C-H yéu

Carbon bac3 + A

Carbon a

Carbon benzylic

Carbon a

Ca carbon bac3vaa

o A

1€1n

Kha nang grafting

Tot

RAt tot

Tot



Luu y thuc té cho du an

Néu polymer khong ré thanh phan: Véi go:

Thwr grafting th nghiém la cich nhanh nhat. Néu PMMA hoic copolymer cé6 carbon bac 3 sé cho két
acid number ting ding ké (>20 mg KOH/g sau 4 * Ting nhiét d6 (90-100°C) hoac thoi gian phan qua tét va it gy thim mau hon polyacrylate thuén.
gi®), polymer phu hop. ing.

* Dung initiator manh hon (nhu dicumyl

peroxide thay BPO).

* Thém co-monomer c¢6 C-H yéu (nhu styrene)

vao hén hop.

Do acid value (AV) bing chudn d¢, Ching ta khong thé phéan biét tryc tiép gitta acrylic acid (AA) du chua phan tng va nhém ~COOH da ghép vao polymer géc, vi ca hai déu
c6 kha niang trung hoa véi KOH/NaOH. Véi kinh nghiém ctia ban trong vai trd Gidm déc, t6i hiéu ban cdn phuong phép chinh xdc dé danh gid hiéu qua grafting thyc sy. Toi

sé trinh bay cic phuong phap tich biét va ky thuit phan tich dé giai quyét van dé nay mot cich dang tin cay.



Van dé phan biét AA du va nhém -COOH ghép

Van dé co ban: Tai sao khong phan biét duogc?

Chudn d6 acid-base chi do tdng s6 nhém acid c6 thé ion héa, khong phan biét nguén goc:

e AA tudo: CH2=CH-COOH (phan t& lugng 72 g/mol)

e  Nhém -COOH ghép: Polymer-CH2-CH(COOH)- (trong chudi polymer)

Két qua: AV cao c6 thé do AA du nhiéu chit khong phai grafting thanh cong — DPanh gid sai hiéu qua.

D€ c6 két qua chinh xdc, ban cin loai bo AA du truéce khi do AV, hoidc dung phuong phéap phan tich khac dé€ xdc nhén grafting.



Phuong phap tach AA du va danh gia hiéu qua grafting

Phuong phap 1: Taich AA du bang két tta va rira
Nguyén tiac: AA 1a monomer nhd, tan tét trong dung méi polar; polymer
grafted cé kich thudc 16n, ¢ thé két tua chon loc.

Quy trinh:

1. Sau phan @ng grafting: Lam lanh dung dich xuéng nhiét d6 phong.

2. Két tta polymer: D6 tu tit dung dich vao dung moi két taa (nhu methanol,

hexane, hodc nudgc lanh) vdi ty 1€ 1:3-1:5.
3. Loc tach: St dung gidy loc hodc may ly tam dé tach polymer.

4. Rua nhiéu lan: Raa polymer bing dung moi tuong ty 3-5 lan d€ dam bao
loai b6 hoan toan AA du.

5. Saykho va do AV: Sdy polymer & 50-60°C duéi chan khong, sau d6 do AV.

Phuong phap 3: FTIR Spectroscopy

Nguyén tic: So sinh phd FTIR ctia polymer truéc va sau grafting.

Dau hiéu grafting thanh cong:

® Pic C=0 mé rong: T ~1730 cm™ (ester géc) xudt hién thém pic tai ~1700
cm™! (acid ghép).

® Pic O-H rong: Tai 2500-3300 cm™ tir nhém —~COOH (khong c6 trong
polymer gdc).

e Khong thdy pic C=C: Tai 1630 cm™ (chung té AA da polymer hoa, khong

con du).

Uu @iém: Nhanh, ré, v ding tin cay.

Nguyén tic: AA c6 thé dinh lugng truc tiép bing chromatography, tir d6 tinh
AA da phan Ung.

Quy trinh:

1. Ldy mau ti dung dich phan tng (khong két taa).

2. Phaloing va phan tich bing GC (néu AA bay hoi) hoic HPLC véi detector
UV (AA hip thu & ~210 nm).

3. So sanh v6i duong chudn AA dé€ dinh lugng AA du.

4. Tinh AA da grafted = AA ban dau - AA du.
U diém: Chinh xéc cao, khong can két tua.

Nhugc diém: Cin thiét bi dit tién va chudn bi mau phic tap.

Quy trinh dé xuat t6i vu

Két hop phuong phép 1 (két tta + rita) véi FTIR d€ c6 két qua chinh xéc:
1. Budc 1: Sau grafting, két tua bang methanol va ria 3-5 lan.

2. Budc 2: Siy kho polymer va do AV (chi tir nhém ghép).

3. Budc 3: Chay FTIR dé xdc nhan c6 pic -COOH méi.

4. Budc 4: (Tuy chon) Phén tich nuéc rita bing GC/HPLC dé€ dinh lugng AA
du.

Cong thirc tinh hiéu qua grafting:

Hiéu qua ghép (%) = [Gi tri axit (AV) do dugc x Khéi lugng polymer kho] /
[56.1 x S6 mol AA ban d4u] x 100

[J' Luuy thuc té: Hiéu suit grafting thuong 60-85% trong diéu kién t6i wu; néu dat >90%, kiém tra lai c6 thé con AA du. Kiém tra do tan: Polymer grafted thanh cong

s€ tan trong nudc sau trung hoa vGi amin, trong khi AA du tan ngay. An toan phan tich: AA ¢6 tinh 4n mon; lam viéc trong ta hit khéi khi x@ Iy nude raa.



