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Introduction
Rapeseed oil as a 1st generation feedstock for biofuel applications offers advantages in terms of its low costs and good flow characteristics. Rapeseed oil contains over 90 %
C18-triglycerides and exhibits a high boiling point compared to diesel and VGO, but is still liquid at room temperature due to its unsaturated double bonds. The main goal with this
project is to investigate the processing of bio-feedstocks as alternative hydrocarbon sources in high throughput catalytic experimentation. This poster describes the hydrogenation
of rapeseed oil over non-sulfided / sulfided hydrodesulfurization (HDS) catalysts to obtain long chain alcohols or alkanes.

hte GmbH - the high throughput experimentation company, 
Kurpfalzring 104, 69123 Heidelberg, GermanyJochen Berg, Claudia Eckardt, Florian Huber

Hydrotreating & Co-Processing of Renewable Biofuels
Case Study: Hydrotreated Vegetable Oil (HVO)

• Parallel testing is applied successful for hydrogenation and hydrocracking 
of bio-oil (vegetable oil, black liquor, lignin oil, yeast or algae oil)

• hte technologies can handle 1st to 3rd generation bio-oil and its 
hydroprocessing products

• Bio-feed-oil can result in several different products (liquid, vapor, solid) 
depending on catalyst and process-conditions

Experimental & Results

Summary and Conclusions

www.hte-company.com

Multi-fold hydrotreating unit
• 16 reactors in parallel
• Common feed for gas and liquid
• Common active back pressure 

regulation
• Catalyst volume 1 – 1.5 mL
• Temperature 25 – 450°C
• Pressure 1 – 160 bar(g)
• LHSV 0.5 – 4 hr-1
• GTO 100 – 2000 NL/L
• Particulates 125 – 160 µm
• hteControlTM software for 

automated process control

• Automated withdrawal of 
liquid samples

• 10 sampling rows of 5 mL sample vials + 400 mL waste container
• Heatable up to 120°C
• Sample ID via barcode

Product distribution
• Different catalysts and reaction 

conditions result in a wide 
product distribution

• The processing of acid esters over 
sulfided catalysts lead to solid n-alkanes 
in the C17 – C18 range at 330°C 

• Octadecane is a hydrogenation product, whereby heptadecane 
results from a combined hydrogenation and decarboxylation

• No oxygenates were generated

Hydrogenation Over Sulfided Catalysts
• Sulfided NiMo/Al2O3 and CoMo/Al2O3 

catalysts are active for hydrogenation of 
C=C, C=O, C-O bonds and hydrocracking

• Catalyst volume: 1.0 ml
• Reaction conditions:
• Temperature 330°C, 350°C and 370°C
• Pressure 50 bar(g)
• LHSV 0.5 hr-1
• GTO 2000 NL/L

Experimental setup

Gas

Analysis
N2

N2

Liquid

• By increasing the temperature to 350°C also liquid n-alkanes in the range of 
C7 – C13 are formed due to additional hydrocracking

• Above 370°C only gaseous products are generated

Gas chromatography results
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Hydrogenation Over Non-sulfided Catalysts
• NiMo/Al2O3 catalyst suitable for 

hydrogenation of C=C double bonds
• Catalyst volume: 1.0 ml
• Reaction conditions:
• Temperature 200, 225, 250, and 275°C
• Pressure 50 bar(g)
• LHSV 0.375 hr-1 (for 1 ml catalyst)
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Gas chromatography results

Parallel Catalyst Testing is Applied for Hydrogenation and Hydrocracking Applications 
Successfully with Several Benefits:

• All catalysts experience the same conditions
• More results in less time of operation
• Small amounts of catalyst required

• Pilot plant data reproduced
• Smaller catalyst volumes require less feed
• Long-term stability and robustness

Simulated distillation

Infrared Spectroscopy

Alkene vibration
Alkene vibration
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Sheet1

		Catalyst		a		a		a		b		b		b		c		c		c		d		d		d		e		e		e		f		f		f		g		g		g		h		h		h		i		i		i		j		j		j		k		k		k		l		l		m		m		n		o		p		p		p		Feed

		Temperature, °C		330		350		370		330		350		370		330		350		370		330		350		370		330		350		370		330		350		370		330		350		370		330		350		370		330		350		370		330		350		370		330		350		370		330		350		330		350		330		330		330		350		370

		Simulated Distilation

		0.5 wt% (IBP), °C		250.4		172.2		151.6		168.8		153.4		148.2		229.4		168.8		148.2		245		178.6		148.2		229		168.8		148.2		223.2		170.6		148.2		212.8		170.6		148.2		196.2		148.2		143.6		168.8		148.2		129.8		229.2		151.6		148.2		189		148.2		143.6		162		86.4		170.6		86.4		162		143.6		216.2		160.2		143.6		439.8

		5 wt%, °C		307.4		285.6		246		267.6		267.8		232.2		284.6		283.8		229.2		284.6		284.8		265.8		283.4		284		249.4		284.4		284		246.4		284.8		284		253.8		284.4		268.8		220.4		283.4		250.2		186.8		283.4		283.4		228.4		284.6		250.6		186		268.2		104		268.8		104		268		234.8		284.6		269		192		583.4

		10 wt%, °C		359		306.2		282.6		289		293		276.8		299.8		297.8		283.4		299.6		299.6		284.2		298.8		298.8		282.6		299.6		295.4		281.8		299.6		296.6		284		299.2		291.6		279.8		298.2		285.6		263.4		298.6		295.2		282.6		299.2		285.4		262.6		281		124		286.8		114		281.4		272.2		299.8		291.6		264.4		594.6

		15 wt%, °C		366.8		336.2		299.8		294.2		298.6		293.2		301.4		301.4		297		301.4		302		298.2		300.4		301.4		297		301.4		301.4		295.4		301.4		301.4		298.2		301.4		300.6		290.6		305.8		300.6		283		300.4		301.2		294.8		301.4		300		282.4		287		134.4		293.4		129.8		287		284.2		301.8		300.8		281.8		598.2

		20 wt%, °C		369.8		364.6		332.4		297.4		301		296.4		302.6		302.8		300.2		302.6		303.2		300		301.6		303		299.2		302.6		302.8		298.4		302.6		303		300.4		302.8		302.2		298.2		311		308		297.6		301.4		302.6		299.4		303		302		297		291.8		143.6		299.4		139		292.2		287.8		303		302.4		295.8		601.4

		30 wt%, °C		484		372.6		367.4		301.4		304.4		311.6		304.6		304.6		302.6		306.8		305		302.2		303.4		304.6		301.6		304.4		304.6		301		304.6		304.8		302.8		304.6		304.4		301		315.4		315.8		307.8		303.2		305.8		304.8		315.2		312.2		306.6		296.2		156.8		303		148.2		296.8		294.8		304.6		304.4		299.6		604.8

		40 wt%, °C		518		427.4		410.6		303.6		316.4		361.6		315		316.2		314.4		316		316.8		312.6		313.6		315.2		312.4		313.2		308.4		305.8		315.8		316.6		313		306		305.8		302.6		317.6		318.4		314.2		314.8		316.6		314.2		317.8		317.4		314		302.4		165.4		304.8		158.6		302.8		301.2		306		305.8		301.4		606.8

		50 wt%, °C		560.8		492.8		494		305		367		387		317.6		318.8		317		318.2		319.2		315.8		316.6		318.2		315.6		317		317.4		314		318.2		319		316.4		314.8		315		313.6		319		320		316.4		317		318.8		316.6		319.6		319.4		316.2		304.6		180		306.2		163.8		305		303.8		316.8		315.8		312.2		608.6

		60 wt%, °C		600.8		526.2		549.2		306.2		377.6		444.2		319.4		320.4		318.8		319.6		320.6		317.8		318.4		320		317.4		319		319.4		316.2		320		320.6		318.4		318.2		318.4		316		320.2		321.4		336.6		318.8		320.6		318.4		321		320.8		339.4		306.2		192.8		307.4		174.8		306.4		305.6		319		318.6		314.8		610

		70 wt%,°C		605.8		574.6		609.4		315.2		458.2		510		320.8		321.8		322.4		321		322		319.2		319.8		321.4		318.8		320.6		321		317.8		321.2		321.8		319.8		320		320.2		317.6		321.2		364.6		398.8		320		321.8		328		322		323.2		400.4		307.4		204		313.6		182.2		309.4		306.8		320.6		320.4		316.6		611

		80 wt%, °C		609.6		619.8		682		373.2		506.8		574		322		322.8		392.2		322		323		320.4		321		322.6		357.8		321.8		322.4		326		322.4		323		347.6		321.2		321.6		358		350.8		456.4		457.6		321.2		323		400.2		333.2		403.8		443.4		312		217.4		318.2		192.8		316.2		311.2		321.8		321.6		324.2		612.2

		85 wt%, °C		622.6		650.4		711.8		435.4		547.8		611.6		322.6		342.4		407		322.4		323.6		330.2		321.4		323		395.8		322.4		322.8		360		322.8		323.6		393.2		321.8		322.2		394.6		424		479.6		484		321.8		342.2		421.4		384		437.4		476.4		317		223.8		319.4		198.2		318		316.4		322.4		322.2		349		612.8

		90 wt%, °C		648.6		683.8		725.6		458.6		592.2		654.4		329		408.4		446.8		323		324.2		368		321.8		341.8		410.8		322.8		323.4		397.2		323.2		342.2		409.6		322.4		342		406.8		468.8		514		529.6		327.2		409		462.8		457		474.2		512.4		318.4		235		320.2		204.4		319.2		318		323		322.6		391.6		613.4

		95 wt%. °C		683.4		717.4		733.2		481.8		663.6		700.8		420.2		460		478.4		339.8		342.4		409.4		340		407.8		459.2		325.2		342		421.4		346		408.2		459.2		340.2		402.2		451.4		487.2		572.2		586		416.2		465.8		496.8		477.2		516.4		561.6		319.4		262.8		327.8		216.2		320		319		324.8		345		405.2		614.8

		99.5 wt% (FBP), °C		734.4		744.6		748		563.6		736		734.8		544.8		542.6		564.6		470.4		466		477.4		467		478.4		527.6		442.2		446.8		487.4		472.2		480.8		531.2		460.4		474		515.8		569.6		659.6		672.2		476.4		542.6		590		562.2		613.6		632.2		381.6		290		408.4		241.2		402.6		356.2		435.4		435.8		472.2		624.2

		Messung		Katalysator a, 330°C		Katalysator a, 350°C		Katalysator a, 370°C		Katalysator b, 330°C		Katalysator b, 350°C		Katalysator b, 370°C		Katalysator c, 330°C		Katalysator c, 350°C		Katalysator c, 370°C		Katalysator d, 330°C		Katalysator d, 350°C		Katalysator d, 370°C		Katalysator e, 330°C		Katalysator e, 350°C		Katalysator e, 370°C		Katalysator f, 330°C		Katalysator f, 350°C		Katalysator f, 370°C		Katalysator g, 330°C		Katalysator g, 350°C		Katalysator g, 370°C		Katalysator h, 330°C		Katalysator h, 350°C		Katalysator h, 370°C		Katalysator i, 330°C		Katalysator i, 350°C		Katalysator i, 370°C		Katalysator j, 330°C		Katalysator j, 350°C		Katalysator j, 370°C		Katalysator k, 330°C		Katalysator k, 350°C		Katalysator k, 370°C		Katalysator l, 330°C		Katalysator l, 350°C		Katalysator m, 330°C		Katalysator m, 350°C		Katalysator n, 330°C		Katalysator o, 330°C		Katalysator p, 330°C		Katalysator p, 350°C		Katalysator p, 370°C		Feed

		0.5		250.4		172.2		151.6		168.8		153.4		148.2		229.4		168.8		148.2		245		178.6		148.2		229		168.8		148.2		223.2		170.6		148.2		212.8		170.6		148.2		196.2		148.2		143.6		168.8		148.2		129.8		229.2		151.6		148.2		189		148.2		143.6		162		86.4		170.6		86.4		162		143.6		216.2		160.2		143.6		439.8

		5		307.4		285.6		246		267.6		267.8		232.2		284.6		283.8		229.2		284.6		284.8		265.8		283.4		284		249.4		284.4		284		246.4		284.8		284		253.8		284.4		268.8		220.4		283.4		250.2		186.8		283.4		283.4		228.4		284.6		250.6		186		268.2		104		268.8		104		268		234.8		284.6		269		192		583.4

		10		359		306.2		282.6		289		293		276.8		299.8		297.8		283.4		299.6		299.6		284.2		298.8		298.8		282.6		299.6		295.4		281.8		299.6		296.6		284		299.2		291.6		279.8		298.2		285.6		263.4		298.6		295.2		282.6		299.2		285.4		262.6		281		124		286.8		114		281.4		272.2		299.8		291.6		264.4		594.6

		15		366.8		336.2		299.8		294.2		298.6		293.2		301.4		301.4		297		301.4		302		298.2		300.4		301.4		297		301.4		301.4		295.4		301.4		301.4		298.2		301.4		300.6		290.6		305.8		300.6		283		300.4		301.2		294.8		301.4		300		282.4		287		134.4		293.4		129.8		287		284.2		301.8		300.8		281.8		598.2

		20		369.8		364.6		332.4		297.4		301		296.4		302.6		302.8		300.2		302.6		303.2		300		301.6		303		299.2		302.6		302.8		298.4		302.6		303		300.4		302.8		302.2		298.2		311		308		297.6		301.4		302.6		299.4		303		302		297		291.8		143.6		299.4		139		292.2		287.8		303		302.4		295.8		601.4

		30		484		372.6		367.4		301.4		304.4		311.6		304.6		304.6		302.6		306.8		305		302.2		303.4		304.6		301.6		304.4		304.6		301		304.6		304.8		302.8		304.6		304.4		301		315.4		315.8		307.8		303.2		305.8		304.8		315.2		312.2		306.6		296.2		156.8		303		148.2		296.8		294.8		304.6		304.4		299.6		604.8

		40		518		427.4		410.6		303.6		316.4		361.6		315		316.2		314.4		316		316.8		312.6		313.6		315.2		312.4		313.2		308.4		305.8		315.8		316.6		313		306		305.8		302.6		317.6		318.4		314.2		314.8		316.6		314.2		317.8		317.4		314		302.4		165.4		304.8		158.6		302.8		301.2		306		305.8		301.4		606.8

		50		560.8		492.8		494		305		367		387		317.6		318.8		317		318.2		319.2		315.8		316.6		318.2		315.6		317		317.4		314		318.2		319		316.4		314.8		315		313.6		319		320		316.4		317		318.8		316.6		319.6		319.4		316.2		304.6		180		306.2		163.8		305		303.8		316.8		315.8		312.2		608.6

		60		600.8		526.2		549.2		306.2		377.6		444.2		319.4		320.4		318.8		319.6		320.6		317.8		318.4		320		317.4		319		319.4		316.2		320		320.6		318.4		318.2		318.4		316		320.2		321.4		336.6		318.8		320.6		318.4		321		320.8		339.4		306.2		192.8		307.4		174.8		306.4		305.6		319		318.6		314.8		610

		70		605.8		574.6		609.4		315.2		458.2		510		320.8		321.8		322.4		321		322		319.2		319.8		321.4		318.8		320.6		321		317.8		321.2		321.8		319.8		320		320.2		317.6		321.2		364.6		398.8		320		321.8		328		322		323.2		400.4		307.4		204		313.6		182.2		309.4		306.8		320.6		320.4		316.6		611

		80		609.6		619.8		682		373.2		506.8		574		322		322.8		392.2		322		323		320.4		321		322.6		357.8		321.8		322.4		326		322.4		323		347.6		321.2		321.6		358		350.8		456.4		457.6		321.2		323		400.2		333.2		403.8		443.4		312		217.4		318.2		192.8		316.2		311.2		321.8		321.6		324.2		612.2

		85		622.6		650.4		711.8		435.4		547.8		611.6		322.6		342.4		407		322.4		323.6		330.2		321.4		323		395.8		322.4		322.8		360		322.8		323.6		393.2		321.8		322.2		394.6		424		479.6		484		321.8		342.2		421.4		384		437.4		476.4		317		223.8		319.4		198.2		318		316.4		322.4		322.2		349		612.8

		90		648.6		683.8		725.6		458.6		592.2		654.4		329		408.4		446.8		323		324.2		368		321.8		341.8		410.8		322.8		323.4		397.2		323.2		342.2		409.6		322.4		342		406.8		468.8		514		529.6		327.2		409		462.8		457		474.2		512.4		318.4		235		320.2		204.4		319.2		318		323		322.6		391.6		613.4

		95		683.4		717.4		733.2		481.8		663.6		700.8		420.2		460		478.4		339.8		342.4		409.4		340		407.8		459.2		325.2		342		421.4		346		408.2		459.2		340.2		402.2		451.4		487.2		572.2		586		416.2		465.8		496.8		477.2		516.4		561.6		319.4		262.8		327.8		216.2		320		319		324.8		345		405.2		614.8

		99.5		734.4		744.6		748		563.6		736		734.8		544.8		542.6		564.6		470.4		466		477.4		467		478.4		527.6		442.2		446.8		487.4		472.2		480.8		531.2		460.4		474		515.8		569.6		659.6		672.2		476.4		542.6		590		562.2		613.6		632.2		381.6		290		408.4		241.2		402.6		356.2		435.4		435.8		472.2		624.2





Vergleich Hydrier Crackkat
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Sheet3

		Percentage Yield Table

				Default Signal

				Temp. (Deg. C)

				Rapsöl						light VGO						heavy VGO				LR				Messung		Katalysator d, 330°C

		0.50%		467				0.50%		338				0.50%		227				199				0.5%		245

		5.00%		533				5.00%		375				5.00%		364				244				5.0%		284.6

		10.00%		556				10.00%		388				10.00%		390				291				10.0%		299.6

		15.00%		575				15.00%		396				15.00%		404				331				15.0%		301.4

		20.00%		593				20.00%		403				20.00%		415				365				20.0%		302.6

		25.00%		601				25.00%		409				25.00%		424				392				30.0%		306.8

		30.00%		606				30.00%		415				30.00%		433				416				40.0%		316

		35.00%		609				35.00%		421				35.00%		440				436				50.0%		318.2

		40.00%		610				40.00%		427				40.00%		448				454				60.0%		319.6

		45.00%		612				45.00%		432				45.00%		455				471				70.0%		321

		50.00%		613				50.00%		438				50.00%		462				488				80.0%		322

		55.00%		615				55.00%		444				55.00%		469				506				85.0%		322.4

		60.00%		616				60.00%		449				60.00%		476				523				90.0%		323

		65.00%		618				65.00%		456				65.00%		484				539				95.0%		339.8

		70.00%		619				70.00%		462				70.00%		491				554				99.5%		470.4

		75.00%		620				75.00%		469				75.00%		500				569

		80.00%		622				80.00%		477				80.00%		509				582

		85.00%		623				85.00%		486				85.00%		519				595

		90.00%		625				90.00%		497				90.00%		531				606

		95.00%		628				95.00%		512				95.00%		549				616

		99.50%		636				99.50%		549				99.50%		612				625
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