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ABSTRACT

In this study, we conducted liquid fuel recovery from solid waste by pyrolysis.
3 solid wastes (HDPE, butyl rubber and polypropylene) were used as a
feedstock for pyrolysis. The results showed that 86% of liquid products were
obtained for pyrolysis of the HDPE solid waste with slow and fast heating.
However, liquid products obtained in the fast heating rate were of wax state at
the room temperature. When applying pyrolysis for solid waste tyres, the
results showed that slow heating rate delivered 44% of the liquid product in
comparison to 52% for fast heating rate. Additionally, the composition of
liquid pyrolysis product yielded 30% of gasoline, 63% of FO and DO. For
solid waste polypropylene, the amount of liquid products increased with the
heating rate. Specifically, liquid product was of 85% for the slow heating rate
while it was of 93% for the fast heating rate. Liquid pyrolysis product from
pyrolysis of polypropylene contained more gasoline than that of pyrolysis of
the PE solid wastes and butyl rubber. This study also showed that the catalyst
affected the amount of liquid pyrolysis products, but insignificantly affected the
composition of the pyrolysis products. The results of this initial study may
contribute to the use of waste for energy recovery in the future.

TOM TAT

Trong nghién cieu nay, ching téi tién hanh thu hoi nhién liéu long tir chdt thai
rin la nhirea HDPE, PP va cao su butyl tir [6p xe phé thai bang phwong phdp
nhiét phan. Két qua nghién cieu cho thdy, HDPE khi gia nhiét theo ché d¢
chdm va ché d¢ nhanh cho ham lwong san pham long (SPL) sau nhiét phdn
bang nhau (86%). Tuy nhién SPL thu dwoc o ché dj gia nhiét nhanh hon bi
dong rdn tai nhiét dg phong. Véi cao su butyl, két qua cho thdy ché dé gia
nhiét cham cho 44% SPL trong khi ché ds gia nhiét nhanh cho 52% SPL. Khi
phan tich, SPL ¢6 ham lwong xang 30% va 63% FO va DO. Péi véi nhwa PP,
ché dj gia nhiét cham SPL dat 85% trong khi tai ché do gia nhiét nhanh dat
93%. SPL tir nhi¢t phdn nhya PP chira thanh phadn xdng nhiéu hon so véi chit
thdi rdn c6 nguon goc nhywa PE va cao su butyl. Két qud nghién ciku ciing cho
thdy xiic tdc anh hudng truc tiép t6i lwong SPL thu dirge sau nhiét phan, tuy
nhién it anh hwong dén thanh phan cia san pham thu dwgc sau nhiét phan.
Cdc két qua nghién ciru bude dau dong gop vao viée siv dung chat thai rdan dé
thu hoi nang lwong trong tiwong lai.
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1 GIOI THIEU

Chat thai cong nghiép dwoc xac dinh 1a chat
thai phat sinh do san xuat hodc cac quy trinh cong
nghiép. Céc loai chat thai cong nghiép phat sinh
bao gém vo ca phé, bui ban, soi, gach, bé tong, kim
loai phé liéu, phé thai cong nghiép. Két qua nghién
ctru thanh phan chat thai rin cong nghiép cta 15
nganh cong nghiép cho thiy chit thai tir nganh ché
bién thuc phém chiém 31,4%, nhwa va cao su
31,2%, dét nhuom 12,8%, gidy va bot gidy 12,2%,
gS 5,6%, may mac 2,7%, da 2%, dau khi 0,06%.
Phan 16n chét thai tir cdc nganh ndy déu co thé
chdy duoc (chiém 73 ,16%). Trong s6 do6 co 24,2%
chat thai tir nganh gidy, nhya, cao su, go c6 thé
tai str dung. Khéi lugng chit thai c6 thé thiéu dot
con lai khoang 48,96% téng khdi lugng chét
thai, twong dwong 2.832 tan/ngay nim 2010 va
7.345 tan/ngay vao niam 2020 (Theo TTXVN,
20/01/2011). Nhya 1a mét trong nhimg vat liéu
duogc st dung rong rai nhat do loi thé khac nhau
cua chung trong cudc song mdi ngay cta ching ta.
Luong nhya san xuét ra da tang trung binh gan
10% mdi nim trén toan cau ké tir nam 1950.
Polyethylene mat d6 cao (HDPE) da chiém mot ty
trong 16n trong tiéu thu ethylene nhitng nim gan
day (Jan, M.R et al., 2010). Nhu cidu HDPE di ting
lén 4,4% mdi nim va vao khoang 31,3 triéu
tan/nam. Luong san xuat HDPE ting 1én dan dén
luong rac thai c6 ngudn goc tir HDPE déong gop
vao trong ngudn rac thai ngdy mot tang (Xinmin
Liu et al., 2012, Vasile et al., 2006).

Trén thé gidi, gin 1 ty 16p xe cho xe 6 t6 cho
khéch, xe con, xe tai, xe dudng dai dugc san Xuét
mdi nim. M&i nim mot sd lwong gan nhu bang
lugng cia lép xe san xuét ra duoc loai bo vinh vién
khoi xe va xac dinh 1a chét thai. Hién nay, cac chét
thai c6 ngudn gbc tir 16p xe dang duoc luu trir
thanh ting diy 16n, diéu nay da tré thanh kho khin
khi nhimg noi luu trir ndy tiém tang nguy co gay
chdy va 1a méi truong song cho ky sinh trung va
mudi. Lop xe cii tai ché ¢ thé dugc danh cho mot
loat cac muc dich. Trong d6 quan trong nhét 1a:
kién x@y dung, cac san pham carbon, k§ thuat chon
lap, khe co giéin, 6n dinh, rao can 4m thanh, dip, bé
mit san choi thé thao (Murugan S et al, 2009).
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Trong nghién ciru nay, cac qua trinh nhiét phan va
cracking xtic tac cia nhua thai d6 dung sinh hoat
gia dinh, cong nghiép va vo xe da duoc tién hanh
bang cach str dung mét 10 phan tmg éng 1000 mL
trong khoang nhiét d¢ tir 200-550°C. Hiéu suét va
thanh phan cia san phim sau nhiét phan dugc
danh gia dé xac dinh viéc tai sir dung trong twong
lai cia ching.

2 PHUONG PHAP NGHIEN CUU
2.1 Vatliéu

Chét thai rdin HDPE, PE duoc thu thap tir rac
thai sinh hoat, hoat dong cong nghiép trong khuoén
vién va xung quanh truong Pai hoc Cong nghiép
Thanh phé H6 Chi Minh sau d6 say kho. Cac chat
thai nhya duogc cit thanh timg miéng nho (khodng
1-2 cm?) va dugce st dung trong phan rng nhiét
phéan béng nhiét va xuc tic. Vo va rudt xe thai duoc
thu thép tir cac tiém stra xe xung quanh truong Dai
hoc Céng nghiép Thanh phé H6 Chi Minh va cit
thanh nhimng miéng nho (kich thudc tir 1-3 cm?)
bang may cit sau khi d3 g& bo day thép, soi vai.

2.2 Qua trinh nhiét phan

Thi nghiém nhiét phan nhya thai va vo-rudt xe
thai duoc tién hanh b?lng thiét bi nhiét phan dang
mé trong phong thi nghiém cua chung t6i bao gdbm
mdt 16 phan tmg c6 thé gia nhiét dén 550°C va bod
phan 1am lanh dé thu hoi san pham long. Dbi véi
modi thi nghiém, cic nguyén liéu thai (500 g) duoc
cho vao thiét bj phan g sau d6 tién hanh gia nhiét
trong diéu kién khong c6 hodc co xic tac Hydro-
Zeolite Socony Mobil-5 (H-ZSM5) (1-3%). Cac
thi nghiém dugc tién hanh gia nhiét véi cac ché do
gia nhiét khac nhau tir 1-5°C/phut, thoi gian thu hdi
giot nhién liéu 1ong dau tién phu thudc vao nguyén
liéu d4u vao va ché do gia nhiét. San pham khi tir
thiét bi phan tng dugc di qua thiét bi ngung tu dé
thu san pham long. San pham nhiét phan long va
can dugce dem can dé xac dinh hiéu suét thu hdi. Dé
xac dinh thanh phan cua nhién liéu, san pham long
sau khi nhiét phan dwgc dem chung cit phan doan
dé thu hoi cac phan doan chinh 1a xang, DO va FO.
San pham sau nhiét phan duoc danh gia bing mau
sic, ty trong va nhiét tri.
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Hinh 1: So' d6 thiét bi phan ing cho nhiét phan nhwa va vé-rudt xe thai

1- LQ‘ nhiét phdn; 2- Bén chita nwé‘g, 3- Bjnh chira san phtfm léng,' 4, 5- Binh chita nuéc hép thu, 6- Ong sinh han; 7-
Thiét bi do nhiét do khi; 8- Hop diéu khién nhiét do lo; 9- Thiét bi do nhiét dé long

3 KET QUA VA BAN LUAN
3.1 Nhiét phan nhya thai (HDPE va PE)

Nhuya thai chi yéu duoc sir dung trong nghién
clru nay 1a cac x0, chdu nhya tir rac thai sinh hoat
va cac chai dau nhét sau khi sir dung tir cac cira
hang xe may. Sau khi thu thap, mau nhya thai duoc
lam sach va dem siy kho, cit nho cho phi hop véi
thiét bj phan tng nhiét phan. Qué trinh nhiét phan
HDPE va PE tao ra 4 loai san phﬁm khac nhau 1a
diu, wax, can va khi tiy vao toc do gia nhiét cla
qué trinh nhiét phan. Két qua nghién ctru cho thy,

khi ting toc d6 gia nhiét 1am cho qué trinh
Cracking bi qua nhiét, dan t6i viéc tao thanh san
phém nang, c6 nhiét d6 dong dic cao hon nhiét do
thuong. San phdm thu dwoc tir qua trinh nhiét phan
v6i the d6 gia nhiét voi 3 °C/phut tro 1én dudi dang
wax, trong khi nhiét phan véi tbc do gia nhiét cham
(1 °C/phiit), san pham thu dugc dang dau (Hinh 2).
Ty 1& timg san phim sau nhiét phan dwoc thé hién
trong Bang 1. San phiam dau sau khi dem chung cat
phan doan cho ra 30% xang, 45% DO va con lai la
cdn va cac san pham nang khac.

Bang 1: Két qua thu dwgc khi nhi¢t phan nhya thai HDPE

Téc d9 gia nhiét 1 °C/phut 3 °C/phit 5 °C/phiit
Thai gian phan ang (phut) 380 220 120
San phim long (Wt%) 86 0 0
San phim wax (Wt%) 0 83 80
San phim khi (wt%) 12 11 10
Cin (Wt%) 2 2 3
Nhiét d sbi dau ciia miu (°C) 102 108 110
Ty trong miu 0,7842 - -
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Hinh 2: San phim ciia qua trinh nhiét phan nhya HDPE véi toc d gia nhiét (a) 1°C/phut va (b)
3°C/phut

Khong gidng nhu khi nhiét phan HDPE, nhua
thai PE cho thdy tdc do gia nhiét khong anh huong
nhiéu dén ban chét cia san pham sau nhiét phén,
san pham sau nhiét phan chi thu duoc dau long,
khong c6 san pham wax véi toc do gia nhiét trong
khoang tir 1 -5°C/phiit. Khi ting toc do gia nhiét thi
hiéu sudt thu san pham 1ong ciing ting tir 85% lén
93% va san pham khi giam tir 13% xudng 5%.
Diéu nay c6 thé dugc giai thich, khi ting téc do gia
nhi¢t 1am cho qué trinh cracking xay ra nhanh hon
va cac mach hydrocarbon it bi cit ngin hon nén
hiéu suit san pham khi thdp hon trong khi hiéu suat
sinh san phdm long ting 1én. Khi tiép tuc ting tdc
d6 gia nhiét thi cac thanh phan hydrocarbon ning

chiém ty 1& 16n trong san pham long dan dén san
pham 16ng chuyén tir dang dau sang dang wax tai
nhiét d6 thudng. Két qua ciing cho thdy, khi nhiét
phan nhua thai PP cho hiéu sudt san phdm long tdt
hon so véi khi nhi¢t phan nhya thai HDPE. Ty
trong ctia dau nhiét phan cao hon xing nhung thap
hon DO, diéu nay do san pham sau nhiét phan ¢
chira xing. San pham léong dem chung cat phan
doan cho ra 40% xang, 40% FO, 14% DO va con
lai 1a can. Téc do gia nhiét nhanh van khong lam
giam hiéu suét thu hdi ciing nhu ting khdi luong
can. Piéu nay c6 thé giai thich vi mau khong chira
hydrocarbon vong thom khi gia nhiét nhanh mau
dau co hién twong d& dong dic khi gap nhiét do
thdp do lugng parafin mach dai ting 1én dang ké.

Bang 2: Két qua thu dwoc khi nhiét phan nhya thai PP

Toc dd gia nhiét 1°C/phiit 3°C/phiit 5°C/phiit
Thai gian phan ung (phit) 410 230 200
San phiam léng (Wt%) 85 93 93
San phiam khi (wt%) 13 5 4,7
Cin (Wt%) 2 2 23
Nhiét d9 sbi dau ciia miu (°C) 154 158 163
Ty trong miu 0,7739 0,7739 0,7740

3.2 Nhiét phan cao su butyl vé xe thai

Két qua nhiét phan cao su butyl vo xe thai duoc
trinh bay trong Bang 3. Vi su gia tang cua toc do
gia nhi¢t hi¢u suat san pham long tang 1én 62%
trong khi hiéu sudt san phdm khi dau tién giam dén
khoang 37% trong luong va sau d6 hau nhu khong
giam khi ting tdc do gia nhiét. Khi gia nhiét nhanh,
luong dau thu dugc giam, dong thoi lugng cin
tang. Diéu nay 1a do hién tuong qua nhiét dan toi
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cdc hoa. Mau dau nhiét phan cua cao su butyl c¢6 ty
trong 16n hon DO thong thuong. Mau 1ong, mau
den, mui khé chiu tuy nhién khong déng ran khi
gip nhiét do thip ching to miu khéng chira
Parafin nhu cac mau nhya. Sau thoi gian 1 tuan dé
trong chai nhya, quan sat thiy chai nhya bj mép
nhiéu. Piéu nay chimg t6 mau chira mot lugng 16n
cac chét d& bj Oxi hoa (hydrocarbon vong thom,
alkene, hop chét chira luu huynh).
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Bing 3: Két qua thu dwge khi nhiét phin cao su butyl

Téc do gia nhiét 1 °C/phit 3 °C/phit 5 °C/phut
Thoi gian phan @ng (phut) 410 190 150
San phim léng (Wt%) 53 62 62
San phim khi (wt%) 43 37 37
Can (wt%) 4 1 1
Nhiét d soi dau ciia miu (°C) 100 106 104
Ty trong miu 0,88676 0,88677 0,88864

3.3 Nhiét phian nhwa thai HDPE va PP siv
dung xuc tac

Nham danh gia hiéu qua cua viéc st dung xuc
tac trong qua trinh nhiét phan nhya thai, ching t6i
tién hanh nhiét phan nhya thai HDPE va PP voi
xuc tac H-ZSMS véi 2 phuong thire 1a xtc tac pha
khi va xuc tac pha 1ong. Anh huéng cua chit xuc
tac 1én hiéu suét tao thanh chét 16ng dugc thé hién
trong Bang 4 va 5. Tur nhiing bang nay c6 thé thay
rang hiéu sut cua cic san pham dang long 1a cao
nhit 86% (nhwa thai HDPE) va 93% (nhua thai PP)
khi chit xuc tac & dang pha 16ng va bang véi nhiét
phéan khong str dung xtc tac. Tuy nhién, thoi gian
thu san pham 1ong ctia nhiét phan st dung xtic tac
ngin hon nhiéu so v&i nhiét phan khong sir dung
xuc tac. Piéu nay c6 thé dugc giai thich do sy co
mat cua xuc tac lam cho phan Ung nhiét phan xay
ra nhanh hon. Tuy nhién ta cling co thé thiy rang
hiéu suét ciia cac san phdm dang long giam xubng
78% (nhya HDPE) va 91% (nhya PP) khi sir dung
xuc tac pha khi va hiéu sudt san pham khi ting lén

dang ké so voi khi nhiét phan sir dung xtic tic pha
long va khong sir dung xtic tac. Khi chit xtc tac
duoc st dung, hiéu suit cta san phﬁm chét long
giam manh do su v& dang ké ctia cac mach phan tir
carbon va thyc té 13 hop chét khi duge tao ra nhiéu
hon. Pac biét, ham lugng cédn gén nhu thay ddi
khong dang ké khi nhiét phan (khoang 2%). Nhiét
d6 giot 1ong dau cua thi nghiém khong co xic tac
cao hon dang ké so vai khi ding xtc tac. Diéu nay
cho thidy tic dung xtc tac lam cho mach
hydrocarbon ngin hon, do d6 cho nhiét d¢ soi dau
clia san pham 1ong thap hon. Tuy nhién, khoang
nhiét do thu san pham long lai cao hon khi khong
sir dung xuc tic. Didu nay co thé giai thich 1a do
xuc tac ngét mach & diu mach, dan t&i nhiét d6 soi
cua phﬁn 16n mau cao hon. Ngoai ra, viéc sir dung
xuc tac lam cho ty trong san pham léng thu dwoc
nhe hon ty trong san pham long nhiét phan khong
xuc tac. Piéu nay cho thdy viéc st dung xuc tac
lam cho phan (g cracking manh lié¢t hon din dén
san pham nhe nhiéu hon (Bang 5).

Béang 4: Panh gia twong quan giira viéc dung va khong dung xtc tic

Khong xic tac  Xic tac pha khi  Xic tac pha l16ng
Nhiét d sbi dau ciia miu (°C) 159 107 142
Khoéng nhiét do thu nhiéu san phim long 300 - 309 315-323 302 —333
San pham long (Wt%) 86 78 86
San phiam khi (wt%) 12 18 11
Cin (Wt%) 2 4 3
Ty trong miu 0,7842 0,7839 0,7841
Téng thoi gian thu méu (phut) 98 109 78
Nhiét tri (keal/kg) 10.960 10.790 10.745
Béang 5: Bang danh gia twong quan giira nhiét phan dung va khong dung xuc tiac
Khong xiic tic _ Xiic tac pha khi Xiic tac pha long
Nhiét dd sbi dau cita miu (°C) 158 100 147
Khoéng nhiét d¢ thu nhiéu san phim léng 253 -290 218 -281 214-293
San pham léng (Wt%) 93 91 93
San phim khi (wt%) 5 8 5
Can (wt%) 2 1 2
Ty trong miu 0,77395 0,76093 0,7709
Téng thoi gian thu miu (phit) 120 88 62
Nhiét tri (kcal/kg) 10.915 10.920 10.840
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3.4 Phd FT-IR ciia sin phim léng

FT-IR la mot k¥ thuat phéan tich quan trong
nhim phat hién nhiéu nhom chic dic trung co
trong dau. Khi twong tic ciia anh sang hong ngoai
v6i dau, lién két hoa hoc ¢ thé hip thu buc xa
h6ng ngoai ¢ budc song cu thé pham vi phy thudc
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vao cAu trac cua phan con lai cta cac phén tir. Hinh
2 cho thdy quang ph6 FT-IR cua dau khi nhiét phan
HDPE. Tir phd FT-IR cho thdy cac peaks dic trung
cho dao dong ctua C-H ankan tai 2950-2910 cm™,
2855 em! va 1370 cmr!. Ngoai ra phé FT-IR con
cho thiy cac peaks chi dao dong ctia nhém C=C tai
1640 cm™ va 1460 cm’'.
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Hinh 2: Phé FT-IR ciia sin phim léng
4 KET LUAN TAI LIEU THAM KHAO

Trong nghién ciru nay ching t6i da budc dau
thanh cong phan huy nhiét c6 xtic tac va khong co
xuc tac nhua thai HDPE va PP tao thanh céac san
phim dau l6ng hitu ich. Hiéu sudt san pham long
sau nhi¢t phan phu thudc truc tiép vao tbe do gia
nhiét. Khi tc do gia nhiét ting hiéu sudt san phdm
long giam di va san pham khi ting 1én. San pham
sau khi chung cat c6 ty 1& san pham nhu sau: 40%
xing, 40% FO, 14% DO. Pong thoi ching toi cling
thanh cong khi nhiét phan san pham vo6 xe phé thai
thanh san pham long. San pham 1ong sau khi chung
cit chira 30% xang, 30% FO va 36% DO. Tuy
nhién hiéu qua str dung céc san pham cua nghién
ctiru nay la nhién li€u cho dong co chua dugc thu
nghiém. Trong tuwong lai chung toi s& tiép tuc
nghién ctru dé danh gia hiéu qua viéc st dung san
phim 16ng 1am nhién liéu cho dong co.
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