Introduction Experimental -

In this study we investigated the upgrading of acid pyrolysis of AHRs with the catalytic materials was performed at 500 *C, using
hydrolysis residues (AHRs) through thermal and catalytic ¢ 10 fvad pad reactor, made of stainless steel 316 and heated by 2 3-zone furnacs
pyrolysis. The AHRs were by-products from a AH process catalyst bed temperature was used as the experiment temperature and it was moritored wics  — ]
developed in the U. Limerick (UL) for levulinic acid produ- "y e specially designed piston system was used to introduce the ‘.’..:i',f-;,--_; E l
ction. The AHRs originated from the AH'process performed = 0 4o 5ok Into the reactor A constant stream of N, was fed from the top of the reactor for = - # P
under different operating conditions (severities). The .o withdrawal of the products and the maintenance of the inert stmoschere o iz

severity reflects the tempemlur‘e arlui acid cc.:mcemmtinn of pyrolysis. The products condensate in a glass receiver submerged in a cooling bath kege : 7‘ g = =y
the hydrolysis process. The objective of this work was to e o g gases were collected in a gas collection system. For each run. 1.5 g of = =
examine how the severity of the AH process affects the feed and 0.7 g of catalyst were Fequirad, £ Vi ks i 1l 08
potential of using AHR as pyrolysis feed. e
Materials e ! Product Characterization
Seven AHRs were used in this work. These samples were produced in UL after acid hydrolysis of Miscanthus at different
severities (temperature, acid concentration). The samples were fully characterized in CPERI (Tables I, Il) and the code names ¥ Cracked Gases: By GC (CO,, €O, HC)
{sew-1 to sev- 7) declare an increased hydrolysis severity order. “ Bio-oil: ASTM E203-02 (4,0, ASTM D5231 (C, H)
1 Table I: Blemental ana:]ms of dry ;HRs - Table II: Blomass constituents content of dry AHRs * Organic fraction: GL/MS, GLaGL-TOFMS
C As! Extract.  Lignin Cel Hemicel T
i = With AH treatment, the Aqueous fraction: GC-510
Miscanthus  48.2%  5.9%  446% 27%  Miscanthus  1.3%  26.5% 404%  29.1%  cellulose and hemicellulo- - ;
SR ALENES SR 0% 07% sev-1 4.1%  24.8%  329%  381%  secontentsof Miscanthus - SONdS: ASTM DS251 (C, ¥ snsfysa)
sev-2 490% 61% 440% 09% sev-2 5.3%  253% 294% 40.5% decreased  and lignin
sev-3  552% S7%  374% 13% sev-3 57%  37.0% 267% 293% residue was produced. Bio-oil is composed of hundreds of ¢ di. Classification
| sevd  B36% 5I%  313% 51% sev-4 6.9% 93.9% na. na.  Higher lignin results in in 14 basic groups aims 2t Detter undertanding and easier
| sev5  651%  SI%  282%  17% sev:5  7.2%  797% na.  na higher Carbon and lower assessment of the process.
sev-6  674% A&7%  23.0% 17% sev-6 48% 86.8% na. na,  Oxygen content in the o . .. Undesaratie
sew7  693% 48% 233% 15% sev-7 6.5%  923%  na. na.  AHR. m oo 2y e ] s —11
Stiica sand 2nd 2 commercial ZSM-5 were used for the pyrolysis tests. The Silica sand was an inert material with no surface area AU Alighasc . | (MDD Sidatrgdes | §
and no acidity, while the commercial ZSM-5 is suggesd in the literature as a promising catalyst for the deoxygenation of biomass M Pherais | e J Kesones |
2nd aromatics production. The ZSM-5 catalyst had a total surface area (TSA) of 138 m?/g, an average pore diameter of 4 nm and - |FUR Furang. R il Patyaromatic MC 1 |
microporosity and mesoporasity of 0.037 and 0.150 cm?/g respectively. AL Aoy m Lmgentitied |
- = S AR - . i
Experimental Results and Discussion ST ... L., | .
Ol yardd w1 on dry AHR basis) Gas yield (%wt on dry AHR basis) Coke yield (%wt on dry AHR basis) kY ..
z — s Gy
r 3 e -
: e i-‘—-l ] 2% —a [—o-zma ] 50 g i o s oo o SEANEO
2 24 45 —
= B |-
iSO ) NS V/d || £ = Og*
= 53, = i 2 /4 == g . e
- ™ — “‘.,\\_/_-l&—‘____ % //‘/ = - o0, fommcscin
| 25 - . Ry To— 25 ] = ™ o
= " 20 <
s 12 15 e
» 0 : T
sevi sew? sevd sevd sevS sevE sevd mmduwm4uv-¢m-lw-1“m.1m.zm.:m4m.saum =
] o— - -
: Thermal Pyrolysis Catalytic Pyrolysis g o w—::n,n‘:-n- = =

= At severity affects strongly the behavior of AHRs. As The catalytic pyrolysis plays a more important role when a low  QTEAnic oil vs. oxygen in organic o
severity increases, both hemicellulose and cellulose severity AHR is used as pyrolysis feed. For high severity AHRs. mmhmmuhmm
o be solubilized leaving an AHR rich in lignin that is the catalytic effects are less important. The catalytic upgrading ~ 0il with 35%wt 0. The high severity AHfls give 15-25%wt
2 and gives high coke and low bio-oil yields. increases gases, coke and H,0 yields. In contrast with thermal .
from the most severe AH conditions gives almost pyrolysis, the CO is the dominant gas from the catalytic tests.
oke Yut bio-oil. The gas yield is only slightly The oil yield is red
! of the AHRs and it is around 15- py ;
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