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Modern Refinery:
Crude Distillation

Crude units are the first to process petroleum in an oil refinery. Crude oil, as 
produced in the oil field, is a complex mixture of hydrocarbons ranging from 
methane to asphalt, with varying proportions of paraffins, naphthenes, and 
aromatics. The objective of crude atmospheric distillation is to separate, 
or fractionate, crude oil into several components of materials with similar 
properties according to boiling point. Most commonly, these groups and 
their boiling ranges are: 
LPG	 Lighter gases
Naphtha and gasoline	 90-400° F.
Kerosine	 330-540° F.
Diesel	 420-700° F.
Atmospheric gas oil 	 550-830° F.
Atmospheric residue. 	 750+° F.

Atmospheric residue is further separated into diesel fuel, light vacuum gas 
oil, heavy vacuum gas oil and vacuum residue in the vacuum distillation 
column. It is difficult to recover all of the diesel fuel in the atmospheric 
distillation column. Therefore, most new designs include a provision to 
recover a portion of this fraction in the vacuum column. This is consistent 
with the large increase in demand for diesel fuel during the last few years. 
Most of the above petroleum fractions can be sold directly to end users, 
although further processing in refinery downstream units usually occurs to 
increase the value of the final product. Crude quality dictates the level of 
further processing necessary to achieve the optimal mix of product output.

Process description
Crude often contains water, inorganic salts, suspended solids, and water-
soluble trace metals. Electrostatic desalting removes most of these 
contaminants to reduce downstream corrosion, plugging, and fouling 
of equipment and to prevent poisoning of catalysts in the downstream 
conversion units.

To remove salts and suspended solids, crude is mixed with 3-10 vol % water 
and heated to 215-300° F. in what is typically called the “cold preheat train” 
1 . This is the heat-exchange network upstream of the desalters. Hot crude 

oil and water are forced to mix by special mixing valves 2  or static mixers.

The mixture then enters the desalter vessel 3  where an electric field aids 
in separating the oil and water phases. The electric field causes the charged 
saltwater particles to agglomerate and fall by gravity to the vessel’s bottom. 
Surfactants can be added to aid separation, such as when the crude has 

a large amount of suspended solids or certain chemical compounds that 
encourage emulsion formation. Chemical surfactants (demulsifiers) aid 
salts and other impurities to dissolve into the water or attach to the water 
to make their removal easier.

Collected water (brine) contains 95-99% of the crude’s salt content and 
flows to the waste water-treatment plant. Depending on crude type and the 
required degree of desalting, two stages of desalting may be necessary and 
may utilize multiple types of electric fields.

Desalted crude enters another heat-exchanger network, typically called the 
“hot preheat train” 4 . Both hot and cold preheat trains use waste heat from 
multiple product and “pumparound” streams (defined to the right) that need 
cooling as part of the process.

Preheated crude enters the crude furnace 5 , where it is further heated to 
about 650-700° F. before entering the crude tower 6 .

Partially vaporized crude is fed into the feed region of the crude tower, 
known as the “flash zone” 7 , where vapor and liquid separate. The vapor 
leaving the flash zone includes all the components that comprise the 
products, while the liquid contains the atmospheric residue with a small 
amount of components in the atmospheric gas-oil product range. Some of 
these components are removed from the residue by steam stripping at the 
bottom of the column 8 .

The crude column contains horizontal trays 9  for separating and collecting the 
various hydrocarbons that comprise the end product liquids. Liquid flows down 
the tower across each tray, while vapor rises in the tower through perforations 
(valves, holes, bubble caps) in each tray. These perforations permit the vapors 
to bubble through the liquid, causing heat and mass transfer.

At each tray, a small amount of higher-boiling components in the vapor 
condense, while a small amount of lower-boiling components in the liquid 
vaporize. This process (distillation) causes the light components to concentrate 
in the vapor and heavy components to concentrate in the liquid. The liquid 
drains from each tray via “downcomers” to the tray below, where the process 
is repeated over enough trays to meet product-purity requirements. 

The crude tower bottoms product is known by several names including 
“topped crude,” “atmospheric resid,” “atmospheric reduced crude” (ARC), 

and “atmospheric tower bottoms” (ATB). At successively higher points in 
the tower, major products such as gas oil, diesel, kerosine, naphtha, and 
uncondensed gases are withdrawn.

Some products are sent to side strippers to reduce the content of the 
lightest components in each product. In addition, for more effective 
heat integration, liquid is withdrawn at strategic locations, cooled by 
exchange with cold crude and returned to the column a few trays above 
the draw location. These arrangements in which some of the column 
liquid is withdrawn, cooled, and pumped back to the column are called 
“pumparounds.” These provide much of the duty needed to heat the crude 
oil from storage temperature to the crude column’s feed temperature.

Usually the kerosine, diesel, and gas-oil components from the crude tower 
are cooled and sent to other refinery units for upgrading to marketable 
products. The naphtha or gasoline range cut is produced from the tower 
as a vapor and condensed via exchange with cold crude and by air and/or 
water overhead condensers.

Some of this condensed liquid returns to the tower top tray as reflux; the 
remainder (overhead liquid product) flows to a naphtha stabilizer 10 . The 
stabilizer removes nearly all the butanes and lighter materials to lower the 
naphtha vapor pressure so that it can be stored in atmospheric tanks.

Overhead liquid from the naphtha stabilizer consists mainly of methane, 
ethane, propane and butanes, which flow to the refinery gas plant. The 
naphtha stabilizer may have a vapor product, which is sent to the sour 
fuel-gas system. Common practice is to send the stabilized naphtha to a 
naphtha splitter 11  to create a light naphtha stream low in heptanes and 
a heavy naphtha stream low in hexanes. Light naphtha can be sent to an 
isomerization unit, and the heavy naphtha is typically desulfurized and 
used as catalytic reformer feed.

Topped crude leaving the bottom of the atmospheric tower contains a large 
amount of valuable components. Because the distillation temperature 
required to recover these components at atmospheric pressure is higher 
than that where thermal decomposition occurs, further heating and 
distillation are conducted under vacuum conditions.

Topped crude is heated in the vacuum furnace 12  to about 750° F. Because 
the vacuum conditions create very low vapor density and corresponding 

high vapor volume flows, the vacuum tower 13  has a distinctively large 
diameter to provide sufficient cross sectional area for  the vapor traffic. 

Similar to the crude tower, the vacuum tower uses pumparounds to 
condense liquid products while recovering valuable heat to the crude oil 
charge. Packing in the vacuum tower serves a similar purpose as trays in 
the crude column but at a much lower pressure drop.

The vacuum tower does not have a traditional overhead condenser and 
does not typically use side strippers. A vacuum is maintained with steam 
jet ejectors 14  followed by water-cooled steam condensers. In some 
cases a liquid-ring vacuum pump is used for the third stage of 
the vacuum system to reduce steam use and waste water 
generation.

Because the heavy crude fraction contains metal complexes 
(asphaltenes and porphyrines) that are catalyst poisons for 
downstream processes, circulating “wash oil” above the flash 
zone minimizes entrainment of heavy fraction droplets up the 
column. Although a single cut of vacuum gas oil (VGO) is used 
in some cases, drawing light vacuum gas oil (LVGO) and heavy 
vacuum gas oil (HVGO) separately allows for increased heat 
recovery to the crude oil because the HVGO draw temperature 
is 200-250° F. higher than the draw temperature of a single VGO 
cut. It is common to draw separate LVGO and HVGO products 
from the vacuum tower and immediately combine these streams 
when they leave the unit.

Both LVGO and HVGO typically feed the fluid catalytic cracking 
(FCC) unit, hydrocracking unit, or both. As noted previously, 
most new designs include provisions to yield a diesel product 
above the LVGO draw. The vacuum tower bottoms (VTB) can 
be blended into residual fuels or used as feed to a delayed 
coker, visbreaker, vacuum resid hydroprocessing, or 
asphalt unit.

Content by the Mustang technical team: Ed Palmer, Process Engineering Manager, 
Julian Migliavacca, Sr. Technical Professional, Shih-Hsin Kao, Sr. Technical Professional,  

Nicholas Perry, Piping Design, and Tara Johnson, Marketing Communications Coordinator

Distributed in partnership with National Petrochemical & Refiners Association (NPRA)
Artwork & rendering: Beau Brown, Industrial3d.com 

Graphic coordination: Chris Jones, Xenon Group | xenongroupdesign.com

www.npra.org

Noot_OGJpos_090316   1 2/23/09   9:55:49 AM

Independent Advice. Global Reach.Independent Advice. Global Reach.
AMER +1 281 293 8200  EMEA +44 1932 242424  ASIA +65 6735 5488

www.kbcat.com

Engineering  Consulting  Business Strategy  Training  Software

KBC_OGJpos_090316   1 2/2/09   4:19:15 PM

A SMART Refinery: Your Pathway to the Top Quartile
SMART Fractionation • SMART Rotating Equipment Reliability • SMART Process Safety

Learn more at www.SmartRefinery.com

EmePro_OGJPos_090316   1 2/12/09   11:32:37 AM

Willb_OGJpos_090316   1 2/12/09   11:04:38 AM aBox4u_OGJpos_090316   1 2/2/09   4:16:58 PM Techn_OGJpos_090316   1 2/11/09   3:33:14 PM

NPRA speaks for the petrochemical and  
rening industries on issues important to 
their business.  We seek to inform policy-
makers and the public how these industries 
help improve their lives, strengthen the 
economy, protect the environment and 
promote national security.

Shaping a Secure Energy Future

visit us at: www.npra.org

NRA_OGJpos_090316   1 2/12/09   11:35:45 AM

Better desalting for 
challenging crudesProducing Solutions

www.NATCOGroup.com 713.849.7500

Natco_OGJpos_090316   1 2/17/09   11:56:28 AM

www.recip.com/api618

BurCom_OGJpos_090316   1 2/16/09   9:50:54 AM EveEne_OGJpos_090316   1 2/12/09   11:37:36 AM

1

6 11

10

4

3
3

12 13

14

14

5
5

Back copies of this poster may be obtained from PennWell. To order: call 713/963-6210; fax 713/963-6228;  
e-mail posters@pennwell.com; or submit request to 1455 West Loop South, Suite 400, Houston, TX 77027. 

Reproduction of the contents of this poster, in any manner, is prohibited without the consent of PennWell Corp. ©2009

6

www.mustangeng.com

Crude/water
mixture inlet

Desalted
crude outlet

Water/brine
outlet

Crude outlet collector header

Crude/water inlet distributor

Brine outlet 

Transformer Transformer

Upper 
electrode grid

Lower 
electrode grid

3

2

9

8

7

www.burnsmcd.com

For more information contact Warren Kennedy • (816) 822-3384 • wkenned@burnsmcd.com

Design and EPC Services 
                                 for the Refining Industry

BurMc_OGJpos_090613   1 1/23/09   2:05:30 PM

Image from Koch-Glitsch, LP


