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KEYWORDS

Ditng truée nhu ciu st dung x5p polyurethane (PU) lam vét liéu cach nhiét ngay cang ting, nhu ciu tai
ché va xtt 1y xbp phé thai mot cach hop ly, khong anh hudng moéi tridng ciing tré nén cin thiét va cp
bach. Trong d6, tii ché theo phuong phap glycol phén (glycolysis, nhim phan hiy chudi polyurethane c6
cAu tric polyme thanh cac polyol téi sinh nh& sit dung tic nhan glycol, da thiwong mai héa nhung vin
chwra dugce trién khai tai Viét Nam, ca & quy md phong thi nghiém. Trén co s& d6, trong bai bao nay s& dé
cap t6i cong nghé ché tao polyol tai sinh tit x6p PU cting phé thai theo con dwdng glycol phan théng qua
viéc khao st Iia chon tac nhén glycol, xiic tc va cac yéu t6 khac anh huwdng dén qua trinh. Qua phan tich
danh gia két qua thu dugc di xac dinh duge ethylene glycol (EG) va NaOH v&i ham Iugng 100 % & 2 %
(% khéi Iwgng so v&i x6p phé thai) 13 tic nhan, xtc tic phit hop va qua trinh glycolysis hiéu qua khi thic
hién ¢ 198 °C trong 2 h.

ABSTRACT

Polyurethane foam waste
Glycolysis
Polyol

Polyurethane foam recycling

Faced with the increasing demand on polyurethane (PU) foam as an insulation material, the need to treat
or recycle foam waste reasonably without the environmental problem becomes necessary and urgent.
Among them glycolysis has been commercialized but has not yet been implemented in Vietnam, even at lab
scale. In this paper, technology for producing recycling polyol from rigid PU foam waste via glycolysis will
be studied; it is made through the investigation and selection of suitable glycol agents, catalysts and other
factors. Through analysis and evaluation of the obtained results, ethylene glycol (EG) and NaOH catalyst

with 100% & 2% (% mass compared to foam waste) were found suitable, and efficient glycolysis performed

at 198 °C for 2 h.

1. Giéi thiéu
1.1. Téng quan

PU 14 mét trong sb cac vét liéu polymer da ning nhit b&i kha
ning st dung trong nhiéu linh vic, tit dang xp, son pht, keo dan cho
t&i vt lidu bit nhét (sealant). Trong d6, xbp PU chiém san lwong tiéu
thu 16n nhét, vao khoang 80 % [1]. Vé co ban, x6p PU thuong duogce
phan 1am 02 loai x6p citng va x6p mém. Xbp citng c6 clu tric dang
closed cell, hé s6 din nhiét thép (khoang 0,035 W/m.K), va dugc
diing chti yéu 1am vat liéu cach nhiét [2], [3], [4].

Viét Nam c6 dly du cac loai san phdm PU diing cho moi linh
vige trong doi séng xa hoi ma PU ¢6 thé 4p dung. Pé san xuét xbp PU,
Viét Nam phai nhip hoan toan 02 loai nguyén liéu chinh diisocyanate
(MDI va TDI) va polyol (sb liéu Hai quan).

X8p PU phé thai chu yéu tit qua trinh san xudt vat liéu con sét
lai va phé liéu san phdm. Lic diu, x6p PU phé thai duoc xit Iy tric
tiép bing cach chon 14p hodic dbt. Nhung do khéi lwong riéng thip
nén chén l4p sé gay ling phi nghiém trong tai nguyén dit. Pdng thoi

*Lién hé tac gia: luong.dtm@gmail.com
Nhan ngay 01/05/2023, stta xong ngiy 27,/06/2023, chip nhan ding 05/07/2023
Link DOI: https://doi.org/10.54772/jomc.05.2023.600

chét thai PU rt khé phan huy trong diéu kién ty nhién va & mét sb
nuée chau Au d3 ban hanh cic quy dinh cAm x1 Iy theo phwong phép
nay. Thiéu d6t titng 12 cach tai ché PU phé thai chiém mot vi tri quan
trong, nhung ciing dang dan bi loai bo [5].

C6 moét sé phiong phap héa ding dé tai ché x6p PU phé thai.
Ly thuyét vé cac phuong phap niy dugce nhiéu nhém nghién ctiu dé
cap [6], [2]. Theo ho, phitong phap hydrolysis yéu ciu diéu kién phan
ng tuwong dbi khic nghiét; phuong phap glycolysis: qua trinh PU
phan ng vGi diol ¢ nhiét d6 khoang 200 °C; phvong phép alcoholysis
gdp kh6 khin khi 4p dung & quy mé céng nghiép; phuwong phap
aminolysis vin dang trong giai doan nghién cttu. Nhu vy, glycolysis
¢6 uvu thé hon cic phwong phap héa khic. Thiyc té, né ciing la
phuong phip duwoc 4p dung rong rii nhit trén thé giéi. Cong nghé
ndy da dugc phat trién tif nhitng nim 1980, da thiwong mai héa va cé
chi phi san xut khong cao [2], [6].

Trong qua trinh glycolysis, ludn xay ra phan @ng chinh va kém
theo cac phan ¢ng phu. Phan @ng chinh trong qua trinh glycolysis
gitta tadc nhan glycol va PU nhu sau [7]:
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R—NH 0—R' + HO—R"—OH ——> R—NH 0O—R'—OH T HO—FR’

Theo két qua nghién cGu ctia mot s6 nhém nhu Chao-Hsiung Quy trinh thic hién phan Gng glycolysis trén thiét bi dung tich
Wu [8], Patrycja Jutrzenka Trzebiatowska [9] va Andrew Shinko [10] 1 lit nhw Hinh 1.
thl san phdm cta qua trinh gdm: polyol, san phdm phu (di/mono

carbamate, amine), tic nhan glycol du. San phim qua trinh tii ché Bang 1. Cac thiét bi va nguyén vt liéu chinh.

x6p PU phé thai theo con dudng glycolysis c6 thé st dung lam nguyén | 1 | Thiét bi/nguyén vét liéu Théng sb ky thuat

liéu thay thé mot phan nguyén liéu chinh polyol nguyén sinh dé téng

hop xbp PU téi sinh. Theo H& S Anlagentechnk GmbH thi chi phi san :
7P xop > gentechn P e ) Chét liéu thuy tinh, c6 thé gia
xuit repolyol thap hon 35 % so v&i gid ban polyol nguyén sinh [11]. Noi phan ing dung tich 1 N P

. _ 20 nhiét trén 300 °C; xuat x& Han

Theo mot so tai liéu, ty 1é st dung repolyol trong hon hgp véi polyol lit va cac thiet bi di kem

thwong mai c6 thé 1én dén trén 40 % [11], [12].

Vé tinh hinh x@ 1y x6p PU phé thai tai Viét Nam, theo khao sét 3 | X6p PU phé thai

ctia nhém (cudi ndm 2019), chi tinh riéng tai TP.HCM va céc tinh phu

can nhu Pdng Nai, Cin Tho thi chua thay tach biét xdp PU phé thai ra 4 | Ethylene glycol

1 |Méay nghién x6p PU Xuét x@ Viét Nam;

Quéc

T ta lanh cii, container lanh cii
(TP.HCM)
Ty trong 1,111; xuét x{ Trung

Quéc

D6 tinh khiét = 99 %; xuét xi¥
Trung Qubc

D6 tinh khiét = 99%; xudt x@
Trung Québc

Do tinh khiét = 99,38%; xuit xi

khoi céc loai rac thai ran khac. Hién tai, xOp nay van dang nam rai rac

tai cdc bai rac ty phét, hodc dugc db bé chung véi rac thai sinh hoat 5 | Diethylene glycol DEG
& bai tap két theo quy dinh. Sau d6, chiing sé duoc chén 14p hoic

thiéu dbt ciing v&i rac thai rin sinh hoat. Riéng tai Cin Tho, theo Chi 6 |NaOH dang rin
cuc Bao vé Méi truong tinh Gin Tho, x8p PU phé thai nim chung v&i

rac thai sinh hoat. Tai tinh nay, hiu nhu tit ca rac thai duoc tap két 7 | Binh khi nito
vé Nha may dbt rac phét dién Cin Tho ctia Cong ty Trach nhiém hitu Vit Nam . .
N < O ti ié 0% xuit xi
han Néang luong Méi tredng EB Can Tho, sau d6 sé dugc dot, sinh ra 8 | Acetic Anhydride b tinh Fhlet = 93%; xuat xir
Han Quoc

ning lwong dwéi dang dién [15]. Va tinh t&i nay, cong nghé tai ché

Do tinh khiét = 99,5%; xudt xit

x6p PU phé thai vAn chwa phat trién tai Viét Nam, chwra c6 cong trinh 9 .
Trung Quoc

Pyridine
nghién ctu nao ve tai ché xop PU theo con dudng héa hoc. Xop phé

thai dugc thai bo hodic duge tap két chung véi rac thai rin sinh hoat 10 | Dung dich chuén NaOH 1N | Xuét x¢ Duksan, Han Quédc

va sau d6 duge x 1y nhu cic phuong an vira néu nhu dét bé hoic

chén l4p. T ——— ]
1) Chuén b vt liéu, thiét b :
Lo !nguyfmat u wiétbi_| ( (9) Phin iimg Kkét dhic sau thi gian xéc dinh |
1.2. Muc dich ctia nghién cttu | L) Dl Sy | [ e ]
[ (3)Kiém tra nhiét k& sinh ban, khi N, | |
Thuc hién thanh céng qua trinh tai ché xop PU theo con duong | [(ll)Nhjét d6 < 100 °C, ngimg cap nhiét, N, ]
glycolysis & quy mé phong thi nghiém, tao tidn d& d& hwéng téi cac (4 Cho tic nhin va xtc tic vao thiét bi | |
L e NN . 5 12) khoang 80 °C, thao thiét b
buée tiép theo trong qua trinh tii ché x6p PU phuc vu cho san xuét | e p—— ‘ [ (12) khoang | o thiét b ]
X z. . 2 A \ 7 A N A A oA ey uaym _ - ]?m
xOp tdi sinh & quy moé phong thi nghiém va quy mé cong nghiép. l { (13) Loc nong sin phim ]
Muén viy, nhém tic gia sé phai danh gid cc didu kién anh huwéng | (6)Nangaénohictdothichhop | |
qué trinh glycolysis, qua d6 t6i wu héa didu kién. | [ (14) Thu sén pham loc ]
| (7) Cho xp vao, tbe do 3+5 g/lan ‘ [ . l ]
(15) D& ngudi t6i nhiét do phong
2. Vat liéu va phuong phép nghién cttu . ! T
[ (8) Bit du tinh this gian phn img, t=0 |

2.1. Nguyén vit liéu [ (16) Phin tich tinh chi san phim loc |

Hinh 1. Quy trinh thyc hién phan @ng glycol phan.
Mot sb thiét bi va nguyén vat liéu chinh duge sit dung nhu Bang 1.

2.3. Phuong phdp nghién citu
2.2. Quy trinh thic hién phdn tng glycolysis

Trong nghién citu di 4p dung mot sb tiéu chuén dé phan tich

danh gia chit lugng ctia nguyén liéu va san pham. Cu thé nhuv sau:
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- Chi sb hydroxyl (HV) ctia miu thit dugc x4c dinh theo Tiéu
chudn ASTM D 4274-A, trén co s& phan tng giita alcohol va anhydride
véi sy ¢6 mat cua pyridine, lwgng acetic acid duge hinh thanh sau phan
1tng sé& dwgc chuén d6 nho dung dich chudn NaOH 0,5 N.

- Ty trong dwoc xac dinh theo tiéu chuin ASTM D4669-07-A, sit
dung binh ty trong Simax loai 100 ml ctia CH Séc.

- P6 nhét duge x4c dinh theo tiéu chuin ASTM D4878-15-A, st
dung thiét bi do nhét Brookfield loai LVT.

- Phé FTIR cho phép phén tich cic nhém chifc ciia miu, dic
biét 14 nhém urethane -NCOO- ctia x5p polyurethane va nhém -CH caa
hop chit thom/nhén thom. Ngodi ra, c6 thé dia vio phd IR clia san
phdm dé danh gid mtc d6 chuyén héa nhém chite urethane — NCOO-.
Theo P.Zhu [16], mitc d chuyén héa - NCOO- nhut sau:

Cwong do hdp thu — NCOO (trong san phim)

_ Cuong dd hap thu — CH (trong nhan thom ¢ sn phim
Cuwong d6 hdp thu — NCOO (trong x0p)
Cwong d6 hap thy — CH (trong nhan thom & x0p)
Xbp PU cting tai sinh duwoc ché tao v&i ty 1& polyol thuong

X =

mai/polyol tai sinh 1a 9/1, tdng lwong polyol ding 1a 10 g; luong

diisocyanate stz dung 12 10 g va tién hanh tao x6p trong céc cbc nhua,
sau d6 xac dinh khéi lwogng riéng clia x6p tao thanh. Polyol thuong

mai 14 loai di dugc trén sn v6i cac phu gia.
3. Két qua va thao luan

B4t ky phan #ng héa hoc ndo ciing déu chiu anh hwdong boi mot
s6 yéu t6 nhit dinh, qué trinh glycolysis ciing vay. Cac yéu t6 s& anh
hudng rit 16n t6i tinh chét cta san phém thu dugc (repolyol) [5]...
Trong pham vi nghién ct?u nay, ching t6i sé khao sat anh hwdng ctia
04 yéu té: tac nhan glycol, nhiét d9, xiic tic va thdi gian dén phan
ttng glycol phan. C6 dinh diéu kién phan wng khi khao sét titng yéu t§
trong Bang 2.

Trong d6, ham lwgng tic nhin duge tinh theo ty 1& khéi luwgng
tac nhan/x6p PU phé thai, ham lwgng xic tic thi duge tinh theo %
khéi ligng ctia xtc tac so v6i lwgng phé thai st dung.

Bang 2. biéu kién thyc hién phan tng khi khao sat anh huéng clia cic yéu té.

f xa Tac Ty 1¢ tic nhan/x6p | Nhiét dd, o . o o L R
TT Yéu t0 khao sét R .. Loai xtc tac Ham lugng xtc tac,% | Thoi gian phan Gng, gio
nhan PU thai °C
1 | Loai tdc nhan - 3/1 186 NaOH 5 5
2 | Ham lugng tac nhan EG - 198 NaOH 5 5
3 | Loai xtc tac EG 1/1 198 - 5 5
4 | Ham lugng xtc tac EG 1/1 198 NaOH - 5
5 | Thoi gian phan @ng EG 1/1 198 NaOH 2 0+5

3.1. Nghién cttu lwa chon tdc nhdn glycol phit hop

Nhém téc gia di chon mot sb diol va triol thip phan ti va ¢
nhiét d6 séi quanh khoang 180 dén 220 °C nhu EG, PG, DEG va
Glycerin dé khao sat dwa vao ban chit qua trinh glycolysis va cac két
qua nghién ctu [2], [7], [16]. biéu kién thyc hién phan Gng duge dé
cap trong Bang 2. Mot sb nghién citu chi ra ring dudi 180 °C thi xtc
tac khong phat huy hiéu qua, trén 220 °C thi gin tién t&i nhiét d6 bit
diu phén hay ctia hgp chét urethane (245 °C [16]) [2], [6] va khuyén
cdo nén tién hanh phan @ng tai nhiét d6 sbi ctia tic nhan. Tuy nhién,
néu lua chon tic nhan bang cach tién hanh phan ting tai cic nhiét do
s6i khéc nhau cua tac nhan thi viéc danh gid lai khong trén cung 1
nén. Do vdy, sé cb dinh nhiét do ctia tit ca cic phan tng 13 186 °C, 1a

nhiét d6 soi thdp nhit trong sb cac tac nhan.

Viéc danh gid lya chon tidc nhan glycol phu hgp dugce thuc
hién bing cach lap bang tinh diém theo thang 100 diém, dwa vio
céc tiéu chi:

- Gi4 nguyén liéu (tic nhan glycol), chiém 20,/100;

- Kha ning hoa tan xdp PU phé thai, qua thit nghiém nhéan thiy
ty 18 thuén véi nhiét d6 sbi ctia tac nhén, chiém 16,100;

- Tinh chét ctia san phdm thu duge, trong d6 quan trong nhét 12
d6 chuyén héa va chi sé hydroxyl HV, chiém 50,/100;

- Kha niing tao thanh x6p méi, danh gia théng qua thé tich xép
tao thanh, chiém 14,/100.

Xbp PU ciing tai sinh dugce ché tao tit polyol tai sinh c6 mau

séc, d6 min, d ciing va xdp kha gidng so v&i x6p tao tit 100% polyol
thuong mai (Hinh 2).
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Bang 3. Tinh chét ctia nguyén liéu, san phdm véi cdc tdc nhan glycol khéc nhau.

Ténh chét sin phim Gia t:flc nhan, | Nhiét d6 sbi cla V.X(‘)p tai
TT Mau dong/L tac nhén, °C sinh mL
Ty trong b6 nhét mPa.s HV mgKOH/g X %
1 | TN6-PG 1,0669 98 1080,35 93,68 500.000 186 332,1
2 TN7-EG 1,1337 46 1325,11 91,37 150.000 198 347,7
3 TN8-DEG 1,1411 87 747,70 29,88 197.400 245 323,5
4 | TN9-Glycerin 1,2453 2320 1264,19 89,01 120.000 290 334,8
5 PoT 1,1119 5700 322,61 - - - 361,7
Tt d6, 1ap bang danh gid lua chon tic nhan glycol cho qua trinh glycol phén theo céc tiéu chi da dé cap:
Bang 4. Bang diém d4nh gia xép hang Iita chon tic nhén glycol.
T Vi Tinh chét san phim (diém) Gia 1 lit }ac nhan | Nhiét 7d<3 s6i | Thé tich Xf‘)p tai Téng diém
Ty trong D6 nhét HV X (diém) (diém) sinh (diém)
Thang diém 10 10 14 16 20 16 14 100
1 TN6-PG 10 5 10,5 16 5 16 7 69,5
2 TN7-EG 7,5 10 3,5 12 15 12 14 74,0
3 TN8-DEG 5 7,5 14 10 8 3,5 52,0
4 TN9-Glycerin 2,5 2,5 7 20 4 10,5 54,5

Nhv viy, théng qua két qua phén tich d4nh gid san phim,
nguyén liéu diu vao vé tinh chét, gia, kha ning hoa tan x6p va dugc
mo ta trong Bang 3; nhém téc gia da thiét 1ap duge bang danh gid xép
hang (Bang 4. Bang diém dinh gid x&p hang lua chon tic nhan
glycol.). Theo d6, Ethylene glycol (EG) 12 tac nhan glycol c6 xép hang
s6 1. Két qua nay phit hop véi mét sé nghién citu triede d6, cho ring
EG la tac nhan phit hop cho qué trinh glycolysis d6i v&i x6p PU cting.

3.2. Nghién citu ddnh gid ham luong tdc nhdn EG téi wu

Khi tién hanh thi nghiém lya chon tic nhan glycol & Muc 0

nhan thiy phan ¢ng & nhiét d6 soi clia tic nhén sé ting kha ning hoa

tan x6p PU phé thai. Vi vy, nhém tac gia cb dinh nhiét d6 phan tGng
tai 198 °C, dtng bing nhiét d6 sbi ctia tic nhan EG. Nhém tic gia
chon thdi gian 5 h d& dam bao phan ng xay ra hoan toan (mot sb
nghién cttu cho ring thoi gian hoan thanh phan ting glycolysis vao
khoang 2 h [2]).

V& ti 1é stt dung tic nhan EG: x6p phé thai, theo mot sb tai lieu
d& cap, ti 18 t6i vu 1a 1:1 ( [7]) hodc 1,5:1 ( [2], [3], [6]), hodc 3:1
([2])... Do d6, nhém téc gia khao sit quanh ti 1& tham khao nhu sau:
tac nhan/xdp phé thai = 0,8; 1; 1,5; 2; 3 vé khéi lvgng. Tinh chét cua
san pham ciing nhu ti 16 giita EG ngung tu sau ching cAt san phim

glycolysis va EG d4u vao dugc trinh bay trong Bang 5.

Bang 5. Tinh chét ctia san phdm phan @&ng glycolysis khi thay ddi ty 1& tac nhan/x6p.

- 4m phim Ty lé’ EG: Tinh chit san phdm Ty 16 \
x0p Ty trong b6 nhét, mPa.s HV, mg KOH/g EG chung/EG dau vao, %

1 TN10-0.8 0,8:1 1,1504 400 885,1

2 TN11-1 1:01 1,1492 250 997,3 0,75

3 | TN12-1.5 1,5:1 1,1419 90 1048,8 1,08

4 | TN13-2 2:1 1,1392 53 1084,6

5 TN14-3 3:1 1,1324 39 1346,4

6 | Polyol thwong phém (da trén) 1,1119 5700 322,6

7 EG thuong mai 1,111 22,1 1807,6
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Nhv dd néu, san phidm phan @ng gdm cé repolyol, oligomer
(carbamate, ciing chinh 13 cdc urethane thip phén tit m&i), tic nhan
EG du... Trong hdn hop c6 cdc hop chit phan t 16n do d6 san phdm
sé c6 ty trong va d6 nhét 16n hon EG. Ngoai ra, EG c¢6 vai tro phan
hity lién két urethane va tao ra repolyol thip phan t@, nén cang ting
stt dung EG thi Iwgng repolyol tao ra cang nhidu. Do dé xu hudng ty
trong va d6 nhét clia san phdm phan ¢ng giam khi ham lwong EG st
dung ting 14 hop 1y. Polyol thitong mai da tron sin véi mét sb phu gia
va la 1 polymer do d6 c6 ty trong va do nhét 16n hon EG thuong mai.

Khi ting EG, kha ning phan hily x6p PU phé thai sé ting, tic 1a
qué trinh chuyén vi ester dién ra cang manh 1am ham lwgng urethane
giam, ham lugng repolyol ting & cong thém lwgng EG du chwa phan
ttng xong va c6 chi s6 HV 16n, 1am ting gi4 tri HV.

Nhu vay viéc danh gia lywa chon ham lugng tac nhan phu hop
that khé. Tuy nhién nhin vao xu huéng dd nhét giam, tham khao thém
cach 1am cda cac nhém nghién citu [16], [7], [2], [3], [6], nhin théy
lwgng tic nhan st dung khéng 16n so v&i x6p PU phé thai. Nhém da
tién hanh thit nghiém chung cit thu hdi EG du, két qua cho thiy phan
tn v&i cac ty 18 st dung tac nhan/x5p bing 1,5/1 va 1/1 thi lugng EG
du thu hdi duogc so véi lvgng EG dhu vao 1a 1,08 %; 0,75 %. Con sb
0,75 % 13 c6 thé chip nhan duge, nghia 1 ty 18 st dung tac nhan: xép
t6i wu 1a 1:1.

3.3. Nghién citu la chon nhiét dé phdn tng thich hop

Tham khao két qua nghién cttu ctia mét s6 nhém nhan thiy,
nhém nghién citu D.Simon [7] dua ra khoang tbi vu 1a 160 +240 °C,
thdp hon thi qua trinh xay ra cham, ham ligng repolyol thu dugc
thap; trong khi d6 nhiét d6 cao hon thi ¢6 thé xay ra bay hoi phén tac
nhén glycol con du va phan Gng thit cip xay ra nhiéu hon. Nhém Mir
Mohammad [2] va nhém Khalid Mahmood Zia [6] cho rﬁng néu duéi

180 °C thi hoat tinh xtc tdc sé thip, néu trén 220 °C sé xay ra phan
ng phu khong mong mudn v&i amine.

Cin ¢ dé liva chon nhiét dd khao st nhu sau:

- Qua trinh glycolysis trén x5p PU 1a phan ting xay ra & 180 °C
+ 220 °G;

- Tac nhan EG duoc sit dung c6 nhiét d6 soi 1a 198 °C va x6p PU
phé thai c6 thé bit ddu phan huy nhiét & 245 °C;

- Két qua tit mot sb nghién ctu: Nhém Murai thic hién
glycolysis xbp PU citng & 170 + 220 °C v6i tac nhan DEG; nhém ctia
Modesti tién hanh v6i x6p PU mém & 190 °C st dung tic nhin EG;
P.Zhu trién khai trén xép PU cting & 198 °C va tic nhan EG [17].

Nhw vay, nhd tham khdo cac két qua nghién citu, ban chét qua
trinh glycolysis, nhém tac gia chon nhiét d thich hgp cho qué trinh
glycolysis diing bing nhiét d6 s6i ctia tic nhan EG 13 198 °C; vita dam
bao nim trong khoang nhiét d6 ctia phan ting glycolysis theo ly thuyét
va khéng 1am phan hity nhiét nhém urethane; vita phit hop véi két
qua nghién cfu ddnh gid ctia cdc nhém nghién ctu nhu Murai;
Modesty; P.Zhu...

3.4. Nghién cttu lwa chon xtic tdc phit hop

bbi v6i cac phan tng héa hoc, dic biét 1a trong héa hitu co thi
xtic tac chiém ty 1é stt dung rit it nhung lu6n cin. Theo mot sb nghién
cttu vé qua trinh glycolysis d6i véi xbp PU thi xiic téc 6 thé 1a: BaO (
[7]1, [3]); KOH (theo Murai [18]); Kali acetate (theo Wu [7], [3]);
NaOH, natri acetate va triethanol amine TEA (theo P.Zhu [16]); Mono
ethanol amine EA (theo Xue;) va theo D.Simon [7] thi xtic tic gém
nhiéu loai: EA, DEA, BaO, KOH, NaOH, Natri acetate NaAc, kém
acetate, diethanol amine, mudi octoate...Trén co s& d6, nhém nghién
cttu chon mét sb xtc tac phé bién va c6 tinh dai dién dé khao sét cho

qué trinh glycolysis st dung tac nhin EG.

Bang 6. Tinh chét ctia san phdm phan tng glycolysis khi thay dbi cac loai xiic tac.

< L, Thoi gian hoa tan x6p | Thi gian tan lwgng x8p HV , o
TT Mau Loai xtc tac ) ‘. j Ty trong D6 nhét (mPa.s)
(pht) cudi (pht) (mgKOH/g)
1 TN 20 NaOH 104 5 997,3 1,1492 250
2 TN 21 KOH 122 10 1009,2 1,1509 270
3 TN 22 NaAc 138 13 1225,0 1,1520 450
4 TN 24 TEA 240 41 1351,2 - -

Két qua danh gia chét lwong san phim ciing véi quan sat hién
twgng khi cho x6p duge trinh bay trong Bang 6. Tinh chét ctia san
phdm phan tng glycolysis khi thay dbi cic loai xtc tic cho thiy:
Error! Reference source not found.khi st dung xtc tdc NaOH thi san
phim thu dugc ddu c6 gia tri HV, ty trong va dé nhét thp nhét, thoi
gian hoa tan x6p ngén nhét.

Co ché phan ng khi st dung cdc loai xiic tic néu trén kha

gibng nhau. Trudc tién xtic tic sé tin cong tic nhan glycol tao hop

chét glycolate, hop chit nay sau 6 m&i tin céng lién két urethane tao
san phém trung gian, roi tao thanh san phém cubi [5], [3], [19].

Natri acetate NaAc va Triethylamine TEA déu c6 kha ning tao
phttc véi EG, nhém urethane vi 1a hop chéit hitu co [16]. N6 c6 hoat
tinh khong manh bing bazo cta kim loai kiém, ddng thoi lai gay ra
hiéu ting khong gian manh, nhét 14 TEA, do d6 hiéu qua xtc tac sé
khéng bing 2 bazo. Két qua thu dwgc cho théy tit ca cac thong sé caa

san phim st dung 2 xiic tic nay déu khéng tét bing st dung 2 bazo.
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Hiéu tng khong gian d3 1am giam hiéu qua phan huy x8p PU phé thai,
hién tugng tao repolyol giam; hién tugng urethane chira chuyén héa
ting, 1am ham lwong nhém OH gidm, cong véi su ton tai cia nhiéu
hop chét khac nhau ¢6 xu hwéng ting. Do d6 HV, dé nhét va ty trong
khi st dung NaAc va TEA ting hon so vGi stz dung 2 bazo.

HO—R—OH HOwAn HO—R— ‘J"'
DEG NeOH. San phiim glycolysis Smp.mm Frb
(H:0)
H0)
HO— R— O Na* Na'Oumnn. [n,o)/ n,o)
HD—R—UK
o
o | AAANS S0 —R— OH
NS O 1y S
| Ny O I w«u( O—R—OH
H
Nhom urthane 2 ﬁ HO—R—{ p »<“
B W o i
| ! T Sin phim plycolysis

WNQ

—ban

Nat |

[Ho—R—0
Chit trung gian Chittrung gian —

(a) Tac nhan DEG, xtic tic NaOH (b)T4c nhin DPG, xtic tic KOH
Hinh 3. Co ché phan ttng glycolysis st dung cac loai xtic tac va

tdcnhén khéc nhau.

Riéng d6i véi TEA, phan ting khong thé xay ra dén hét. Trong
qué trinh thi nghiém: khong thé ning nhiét 1én 198 °C vi m&i 14n nhiét
1én cao thi dung dich s6i manh va bbc 1én nép thiét bi rdi rét xubng
lai, giy théit thoat va can dung dich & day, khong du cho phan tng;
x6p phé thai gin nhu khong thé tan, trong vong 2 h chi cho dugc trén
30 % lwong x6p.

Nhu vdy, 2 yéu té hoat tinh va hiéu ng khéng gian anh huéng
t&i hiéu qua xtdc tic. DSi v6i cip NaOH va KOH, hoat tinh NaOH
manh hon KOH nhung khéng dang ké, trong khi dé khéi lugng phéan
tit ctia KOH gip 1,5 1An clia NaOH. Do vy, ¢6 thé thdy KOH han ché

déng ké vé hiéu tng khong gian. P4y 12 nguyén nhén 13 giam hiéu qua

xtc tic ctia KOH so véi NaOH, nhung khong déng ké. Twong ty nhu
giai thich bén trén, sy hinh thanh hop chit trung gian triée khi tao
thanh repolyol ¢ KOH sé 14u hon so v#i NaOH, do d6 ty trong va dé
nhét ctia san phdm phan ng s dung xtc tdc KOH cao hon khi st
dung NaOH. C6 1& do trang thai ton tai cc san phim trung gian khi st
dung KOH lau hon so v&i NaOH, titc 13 cic loai hop chét ton tai lau
hon nén gia tri ctia HV ctia san phdm phan #ng s dung xtc tic KOH
ciing sé& cao hon khi st dung NaOH va ciing khéng déng ké.

V2 kha niing hoa tan xp PU, xiic tic NaOH to ra 12 loai xiic tac
thich hop cho qua trinh glycolysis khi thoi gian hoa tan hét x5p ngén
nhét, két qua nay ciing twong ty nhu két qua nghién ctu ctia nhém Mir
Mohammada Alavl Nikje [3]. Nhu vy, hiéu qua xic tac va kha nang
hoa tan khi stz dung NaOH 1 t&t nhét trong s cac xtc tic danh gia.

3.5. Nghién citu ddnh gid ham lwgng xtic tdc NaOH phit hop

Tham khao mét s6 nghién cifu nhu sau:

- Nhém nghién citu P.Zhu [16] di khao sat khoang ham lwong
xtic tac ti 0,5 dén 15 % khéi lugng so v&i luwgng x6p phé thai stt dung;

- Nhém ctia Mir Mohammad cho ring ham lwong xic tac phit
hogp vao khoang 1 %;

- Theo Diego Simon ctia Coéng ty Lymtal International Inc, My
thi ¢6 thé st dung céac xtc tdc NaOH, KOH hodc Natri acetate véi ham
lugng 9 %;

Do d6, nhém da khao sat khoang ham lugng xdc tdc NaOH la
0,5-1-2-5-10-15 % khéi lvgng x6p phé thai. Két qua phan tich
tinh chit san phdm ciing nhu kha ning hoa tan x6p phé thai nhu
trong Bang 7. Tinh chit ctia san phdm phan ing glycolysis khi thay
dbi lwgng xiic tic NaOH .

Bang 7. Tinh chét ctia san phdm phan ¢ng glycolysis khi thay dbi lvong xiic tdc NaOH.

Kha ning hoa tan xbp
. Luong xdc tac, , - o HV, ,
TT Mau % Thoi g’ian X0p Thoi gifin h(\)’a tanxép | DO nhét, mPa.s mg KOH/g Ty trong
tan hét, phat cho lan cuoi, phrt

1 TN 26 0,5 194 13 3000 1363,7 1,1678
2 TN 27 1 123 13 1500 950,6 1,1669
3 TN 28 2 110 10 648 907,6 1,1626
4 TN 29 5 104 5 250 997,3 1,1492

Két qua cho thiy thoi gian dé x6p tan hét, d6 nhét, ty trong,
HV déu giam din khi ting ham lwong xdc tic NaOH tit 0,5 dén 5 %.
Riéng gia tri HV thi van xu huéng giam t&i 2 % xdc tac sit dung, sau
d6 khi xdc téc dat 5 % thi HV ting lai nhung van nho6 hon khi st
dung 0,5 % NaOH.

Khi NaOH 0,5 %, chua thiy ré hiéu qua ctia xtc tac. Do vay,
kha ning hoa tan x6p chua tt. Trong san phidm phan Gng gin nhw

bao gdm rit nhidu thanh phin va & nhiéu trang thai, d6 1a xbp chua

phéan tng dang rén, EG 16ng chua phan @ng & c6 HV 1é6n. Do d6 do
nhét va ty trong cua san phdm cao, HV thi déng gép bdi EG nhiéu
nén cao.

Khi NaOH cang 16n thi hiéu qua xtc tic cang cao, nén kha
niing hoa tan x6p nhanh hon, xép tan nhanh vi manh hon nén san
phim tré nén loing va miic d6 lodng ciing ting, titc 1a chuyén héa
nhém urethane nhanh din, phan @ng xay ra hoan toan hon — nghia

12 ham lwgng repolyol ting 1én va din khéng di, céng v&i viée xult
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hién it loai tap va hop chit khac nhau trong hdn hop san phdm. Do
vy, d6 nhét va ty trong clia san pham giam khi ham lvong xiic tac
st dung ting.

Tuy nhién, khi NaOH dat 2 % thi HV dat gia tri nho nhét, sau
d6 khi ting tiép lwgng NaOH thi HV cuia san phdm phan ng ting tr&
lai. Chiing t6 lwgng NaOH 2 % da dd, khi cao hon thi tr& nén duv, HV
ctia san phim c6 déng gép thém ctia NaOH dv nén ting trd lai. HV 1a
gia tri quan trong, dic tring cho san phim polyol, do vdy nhém diua
vao dac trung nay, ditng khao sat ting ham lwgng NaOH. Nhu vay
NaOH v&i ham lwong dat hiéu qua 13 2% khéi lugng so véi xbp PU
phé thai.

3.6. Nghién ciu lwa chon thdi gian thich hop

Mot s6 nghién ctu vé qué trinh glycolysis d6i véi x6p PU cting
phé thai déu cho ring thoi gian tdi wu khoang tit 1+2 h. Thuc té khi
tién hanh mot sb thi nghiém, nhém tac gia nhan thiy nhiéu yéu t6
anh huong téi qué trinh glycolysis dat hiéu qua trong khoang thoi
gian nay. Nhu vy, qua tham khao céc bai bao quéc té, nhém tac gia
s& khao sat anh hudng ctia thoi gian trong khoang tit 0 dén 5 h. Két
qua phén tich céc chi tiéu dbi véi san phdm phan @ng theo thdi gian
nhv trinh bay tai Bang 8. Tinh chit ctia san phim qué trinh glycolysis
Kkhi thay ddi thi gian phan tGng.

Nhan thiy, theo thoi gian thi cac théng sb HV, d6 nhét va ty
trong déu giam. Duy nhit HV dat gia tri min tai 2 h, sau dé ting
tré lai.

Tai O h, txhye té 13 phan ng di xay ra trudc d6, xong chuwa
d4ng ké. Do d6 ¢6 ca xbp PU phé thai dang rén, EG 16ng chua phan
itng ton tai trong hén hgp san phim, lam gia tri HV, d6 nhét va ty
trong ctia san phdm kha 16n.

Theo th&i gian, phan ting xay ra ménh liét hon, x6p PU tan dan,
chting t6 viéc hinh thanh carbamate va repolyol ting dan, lgng EG
dv giam din dén hét hoan toan, trang thai hén hop san phim din tré
nén 16ng nhét rdi déng nhét. Do vdy, cc gia tri d6 nhdt, ty trong va
HV ctia san phdm giam dan.

Dic biét khi phan tng duoc 2 h thi HV cta san phim dat gia tri
min, sau d6 khi vitgt qua 2 h thi HV cta san phdm quay diu ting tré
lai. Giai thich 14 do khi thoi gian dén 2 h thi ¢6 thé phan tGng da xay ra
hoan toan, lugng x6p PU phé thai va EG tham gia phan @ng da hét. Tuy
nhién viéc vin tiép tuc duy tri phan ¢ng & nhiét d6 kha cao (198 °C),
gAn t&i nhiét d6 bét dAu phan hiy xp (245 °C, [16]) d4 lam cac phan
tit carbamate b4t dAu bi phan huy 1 phin thanh cic san phdm phu. Ban
than c4c san phdm phu tao thanh ti¥ trieée 2 h ciing sé tiép tuc tham gia
céc phan tng phu va sinh ra cic san phdm phu khéc. Lic nay, HV cta
san pham lai chiu 4nh huéng cta sy tdn tai nhidu loai hop chét va tap
chét do xay ra cic phan tGng phu, nén khi thoi gian phan #ng viot 2 h
thi gi4 tri HV ctia san phdm phan Ging ting tré lai. Nhu vy, qua khao
sat, nhan thiy thoi gian phan tGng t6i wula 2 h.

Bang 8. Tinh chét cta san phdm qua trinh glycolysis khi thay déi thi
gian phan ing.

Thoi gian
B : HV, Do nhét, )

TT Mau phan Ty trong

B mg KOH/g mPa.s

ting, h
1 TN 32-0 0 1091,5 1350 1,1701
2 | TN 32-0.5 0,5 1016,7 1105 1,1692
3 | TN 32-1 1 959,8 980 1,168
4 | TN 32-2 2 935,2 740 1,1661
5 | TN 32-3 3 1103,4 692 1,1642
6 | TN 324 4 1144,0 651 1,1634
7 | TN 32-5 5 950 648 1,1626

4. Kétluan

V& tinh hinh x( 1y, tai ché xbp PU phé thai: Viét Nam chwa ¢
nghién cttu nao vé tai ché xbp PU theo con dudng héa hoc. Nguwoc lai,
trén thé gidi, cac cong nghé tai ché x6p PU theo phuirong phap héa hoc
da phét trién twong d6i hoan thién, mot sb da thwong mai héa, nhung
thue t& phé thai nay vin dugc xit Iy bing cac phuwong phap chén 14p
va dbt bo. Phwong phép héa hoc diing dé tai ché x6p PU phé thai ¢6 y
nghia v& mit méi trvdng & kinh té va c6 thé thyc hién bing cdc qua
trinh: glycolysis, hydrolysis, aminolysis... Trong s6 nay thi glycolysis
phat trién hoan thién nhét, ap dung phé bién nhét trén thé gidi.

San pham chinh cta qu4 trinh tai ché xp PU phé thai theo con
duwdng glycolysis 1 polyol tai sinh. Hiéu sudt qua trinh, tinh chit cia
repolyol néi riéng va san phim phan ng néi chung phu thudc vao 04
yéu t6 bao gdm tac nhén glycol, nhiét d6 phan tng, xtc tic va thoi
gian phan @ng. Nghién ctu nay cua ching t6i da chon dugc tdc nhin
glycol, xtic tic pht hgp véi ham lugng t6i wu tai nhiét d6 va thoi gian
thich hop cho qua trinh tai ché x6p PU phé thai qua con dudng
glycolysis. Cu thé nhu sau:

Loai Ty 1& Nhiét @6 | Loai | Ty lé xtc Thoi gian
oai < < .
L EG/x0p phan xlc |tac/xop phé| phan @ng,
tdc nhin . ; .
phé thai | @ng, °C | tac thai h
1:1 (ty lé .
(t’y ’ 2 % (khoi
EG khoi 198 NaOH 2
lugng)
lugng)

Nghién citu di so bo danh gia tinh chit ctia san pham ti¥ qué trinh
glycolysis duege thife hién trong diéu kién t6i wu vita néu nhu sau:

Ty trong b6 nhét, mPa.s Chi s6 HV, mg KOH/g

1,1661 740 935,2
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Nhém téc gia chan thanh cam on sy hd trg tai chinh cta Bo

Khoa hoc va Coéng nghé cho d& tai “Nghién ctu tai ché Polyurethane

phé thai lam nguyén liéu dé ché tao vat liéu cach nhiét”, ma sb
NDT.53.KR/19.
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